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Preface

The pomegranate, Punica granatum L., belongs to the Lythraceae or Punicaceae family. It is one of the
oldest known edible fruits and is associated with ancient civilizations of the Middle East.

In many cultures, pomegranate is prominent in numerous myths about different human lives
and aspirations. Zoroastrians have planted this tree in their homes as a blessing. In Greek mythol-
ogy, it was an irrevocable symbol of marriage. In Persian mythology, Esfandiar (a King in ancient
Persia) ate a pomegranate and became invincible. In Judaism, the number of pomegranate seeds in a
conduit is 613, one for each of the 613 Bible commands. Buddhists consider pomegranate to be one
of the three blessed fruits. In Chinese ceramics, pomegranate is associated with fertility, abundance,
countless and passionate children, and a blessed future. In the Christian and Bedouin tribes, it is asso-
ciated with fertility. In Islam, the Qur’an describes a heavenly paradise that contains pomegranates.

From its origin (Persia) in the region now occupied by Iran, Afghanistan, Azerbaijan, etc., the
pomegranate spread east to India, China, and also west to the Mediterranean countries like Spain,
Morocco, Egypt, Tunisia, and Turkey. The ability of pomegranate trees to adjust to variable cli-
matic conditions is reflected in the wide distribution of the wild forms throughout Eurasia to the
Himalayas. It is now widely cultivated in subtropical and tropical areas in many variable climatic
conditions in different countries, indicating its flexibility and adaptability to a wide range of climate
and biogeography.

Today, in addition to being a fruit, the pomegranate’s medicinal properties and application in the
food industry have also received the attention of many researchers in various countries, encourag-
ing extensive research. Pomegranate trees can grow naturally in a wide range of climates and adapt
to various soil conditions. Trees are sensitive to soils with low drainage and have low growth in these
conditions, which also reduces crop quality. The best soil conditions for pomegranate cultivation are
deep sand-clay soils. The highest crop growth, yield, and quality can be achieved in areas with hot
and long summers. One of the most critical limitations of pomegranate cultivation is its sensitivity to
low freezing temperatures. Pomegranate trees can be damaged at temperatures below -10 °C.

There are innumerable amounts of pomegranate cultivars and many germplasm collections
have been established in various countries. More than 500 cultivars of pomegranate have been
named all over the world, which indicates the plant’s genetic diversity. Breeders have accumulated
germplasm, which provides a wealth of traits for creating new cultivars and opportunities for the

xiii
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Xiv Preface

production of pomegranate. The most interesting characteristics of the breeding programmes are
bigger fruits, larger arils, soft seeds, higher juice yield, red coloured rind and arils, and higher yield.

The pomegranate and its usage are deeply embedded in human history, and utilization is found
in many ancient human cultures as food and a medical remedy. These include its seeds, peels, flow-
ers, and juice. They contain dietary fibre, antioxidants, healthy unsaturated fats, minerals, and other
nutrients. Since ancient times, pomegranate has been frequently used as treatments for common ail-
ments in the oldest cultures of the Indus Valley, ancient China, classical Greece, and the Middle East.
The chemical composition and pharmacology of pomegranate constituents are of great interest to
life scientists in the modern world. Due to the crop’s extensive amount of benefits, it has become
one of the most favourite fruit among people. Its cultivation has considerably increased worldwide
for fresh consumption, juice production, and medicinal purposes, mainly due to the global trend of
increased demand. Pomegranate production in the world has expanded more than tenfold over the
past twenty years primarily due to the presence of phenolic compounds in pomegranate juice. Those
compounds provide relatively high levels of antioxidant activity to human consumers as demon-
strated in clinical trials. Much of the research on this fruit has focused on the medicinal and thera-
peutic properties of pomegranates. However, because of the increased production of this fruit in the
past few decades and the expansion of its cultivation in different parts of the world, growers have
started to face many problems. Most of these problems can be attributed to the growers’ lack of fa-
miliarity with the crop’s cultural practices.

Pomegranate requires climatic conditions that are conducive to the production of quality fruit.
Along with being produced on a good site, soils need to be well-drained, fertile and adequately pre-
pared before planting. Clean water sources are required. The crop is susceptible to many damaging
insect pests and severe plant diseases, as well as damage from low winter temperatures, spring frosts
and cracking of fruits during ripening. Consequently, these are among the critical areas of on-going
research. There has been much research to address these production problems in various parts of the
world. Reports have been published, but little exclusive literature is currently available on pomegran-
ate culture worldwide.

Undoubtedly, one of the issues that had made this fruit less popular, especially in Western coun-
tries, is the difficulty in separating the edible parts (arils) from the peel. Nowadays, the manufactur-
ing of fully automatic machines has solved the problem of separating arils from the fruit by selling
pre-packaged arils in global markets.

Pomegranate: Botany, Production, and Uses, authored by an international team of experts
who have been at the forefront of developments in this crop, provide their insights and experiences
on pomegranate research. This textbook provides a comprehensive survey of pomegranate growing
from a scientific and horticultural perspective covering different issues including botany, production,
processing, health, and industrial uses. This book will provide the implementation of scientifically-
based horticultural practices that will mitigate production, disease and/or abiotic stresses, and
enhance nutrient management, which will increase yield and improve short- and medium-term
grower profitability and sustainability. A better understanding of pomegranate fruit and its cul-
tural practices will provide valuable information to a range of principal users, e.g., educators, re-
searchers, students, agriculture extension workers, farming communities, industry personnel, and
professionals/practitioners.

Providing information on pomegranate cultural practices on cultivars with horticultural traits
such as earliness, high yield, fruit of excellent taste, soft seeds, disease resistance, and low splitting or
sunscald rates will increase grower profits and sustainability while increasing crop diversity, which
aids in increased crop security. Abiotic disorders such as sunburn and splitting are common issues in
all pomegranate production areas around the world, severely affecting fruit production and quality
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and significantly increasing disease incidences. Pomegranate production in different parts of the
world is also occasionally at risk because of the potential for damage to trees, flowers, and fruit from
subfreezing temperatures.

The best management strategies that directly address fruit quality and abiotic disorders of ex-
isting and new pomegranate cropping systems across the world are also included. In addition to
production information, the book also will provide substantial evidence for the beneficial effect of
pomegranates. We are confident that this work will be a reference book for a broad spectrum of us-
ers, and we look forward to seeing readers’ feedback to enhance future editions of this book.

Editors are grateful to all chapter authors who have given their time, without any financial
reward, to contribute to this book. We also acknowledge the assistance of people who provided us
with pictures and anyone who helped us in this journey and made valuable contributions to the end
product.

Ali Sarkhosh
Alimohammad M. Yavari
Zabihollah Zamani
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1 Archaeology, History and Symbolism

F. Spagnoli'*, R. Shirazi?, Z. Shirazi®, S. Saeidi Ghavi Andam* and M. Djamali®
'Italian Institute of Oriental Studies — ISO, Sapienza University of Rome, Rome, Italy;
2Department of Archaeology, University of Sistan and Baluchestan, Iranian Center
for Archaeological Research (ICAR), and Research Center for Cultural Heritage and
Tourism (RICHT), Zahedan, Iran; 3Laboratory of Archaeobotany, World Heritage
Site of Shahr-i Sokhta and Regional Museum of Southeast Iran. Cultural Heritage,
Tourism and Handlcrafts of Sistan and Baluchestan, Zahedan, Iran; “Department
of Biology and Preclinical Science, Institute of Ecology and Nature Conservation
Biology, University of Regensburg, Regensburg, Germany; ®Institut Méditerranéen
de Biodiversité et d’Ecologie (IMBE), Aix-Marseille Université, Avignon Universiteé,
Technopéle de I’Environnement Arbois-Méditerranée, Aix-en-Provence, France

1.1 Introduction

According to several botanical reports, a zone in-
cluding the northern part of the Iranian Plateau,
Afghanistan, central Asia, northern India as well
as Anatolia is considered as the homeland of the
wild ancestors of pomegranate (Fig. 1.1) (Janick,
2005; Hummer et al., 2012). Its later geographi-
cal distribution towards the west and the east
was a result of cultural interactions and com-
mercial exchanges. In this chapter, first the phil-
ological and linguistic evidence of pomegranate
in the ancient Near East is presented. Second,
since the Iranian territories are considered as the
main centre of its origin, the archaeology and
history of this fruit have been investigated in this
area, and then the study has been extended to-
wards other territories, including Mesopotamia,
Egypt, Greece, Cyprus, Levant, Syria and the
Iberian Peninsula. Finally, the symbolic values
and mythological attestation of pomegranate are
studied in various ancient cultures.
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1.2 Pomegranate in Ancient
Cultures

Pomegranate is a divine gift in the imagery of
antiquity. It has so many evocative features:
its blossom and flower, the shape of the pome,
with a pointed or crowned tip, and its shining
red colour have been emblems of power since
ancient times; its innumerable ruby-red seeds
hint at fecundity; and the regular geometry
of the seeds is a replica of the divine order.
Pomegranate was depicted and reproduced
in ancient art as a major symbol of fertility,
abundance, perfection and sanctity (Nigro and
Spagnoli, 2018). Its practical function and its
importance for human life make pomegranate
one of the most symbolic fruits in antiquity as
well as in modern times. In ancient cultures
pomegranate is always linked with the con-
cept of fertility, even beyond death, and for this
reason it often appears in association with dei-
ties such as Anahita, Ishtar, Astarte, Era and
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Fig. 1.1. Centre of origin for pomegranate. (Photo: Joseph Postman.)

Demeter. In the Christian culture the notion
of Mary’s virginity is also related to pome-
granate. Its iconographic fortune bears wit-
ness to the symbolic transcultural role played
by this fruit and the pomegranate tree in an-
cient Mediterranean, from its farthest oriental
origins to modern art and religion (Spagnoli,
2019).

1.3 Ancient Philology

The earliest written evidence for pomegran-
ate comes from Sumerian cuneiform texts. The
names for pomegranate in ancient Near Eastern
languages are as follows: Sumerian, ‘nu-urma’;
Akkadian, ‘nurmu’ (Roth, 1965); Assyrian,
‘rummanu’ (related to the modern derivations
‘rimmon’ in Hebrew and ‘roumman’ in Arabic);
and Egyptian (both for the tree and fruit), jhmn/
inhmn (Nigro and Spagnoli, 2018). The modern
term for pomegranate in Persian is ‘anar/1c).". In
Middle Persian (Sassanid Pahlavi) the equivalent
word for pomegranate is ‘nar’ or ‘narak’ and in
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Sanskrit the term for designation of pomegran-
ate is dalim (MacKenzie, 1971).

1.4 Pomegranate in Iran (Persia)

The earliest archaeobotanical evidence of
pomegranate dates back to the 5th millennium
BCE. From the Bronze Age, the archaeobotanical
data regarding the presence of pomegranate
increase considerably. Mesopotamian cunei-
form records mentioned pomegranate from
the mid-3rd millennium Bce (Zohary et al.,
2012). Due to the abundance of wild pome-
granate trees in Iran (the central, northern,
eastern and north-eastern part of the Iranian
Plateau), central Asia (southern Turkmenia)
and Afghanistan, it is reasonable to think that
the first phase of its cultivation was started in
this part of the Near East. The eastern spread
of pomegranate cultivation from Iran and
central Asia towards north-western China
(Xingjian) and then to South-east Asia could
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be related to the flourishing of trade and com-
mercial contacts alongside the Silk Road.

1.5 Pomegranate in Persian Culture
and Literature

In the Iranian religions, pomegranate is consid-
ered as a heavenly plant and is counted among
the sacred trees in the Zoroastrian religion.
Pomegranate’s branches and flowers were and
still are used during the Zoroastrian rituals.
According to the later Zoroastrian texts, it is
blessed to use pomegranate’s branches in the fire
temples. Barsam, a sacred object used during the
veneration of fire, was composed of young twigs
of pomegranate shrubs considered as a symbol
of fecundity and eternity. During the Sassanid
period, pomegranate was a sacred fruit and its
plentiful grains were a symbol of Anabhita’s fe-
cundity. In public Iranian folklore, on the first
night of winter, called Yalda, pomegranate is an
essential element that gives health and abun-
dance throughout the year. In the iconographic
tradition of the Sassanid period the combination
of the pomegranate motif with winged-shaped
thistle branches could be interpreted as a divine
and fertility symbol. The frequent presence of
pomegranate in Persian literature also indicates
a popular use of this fruit. In Persian texts, po-
ems and miniatures, pomegranate is a symbol
of youth and feminine beauty (Sedaghat, 2017).

1.6 Archaeological Evidence of
Pomegranate in Iran

1.6.1 Iron Age

One of the main archaeological corpora relat-
ed to the iconography of pomegranate in Iran
comes from the Iron Age site of Tepe Marlik
(Cheragh Ali Tepe), excavated in 1961 by an
Iranian mission headed by E.O. Negahban. It
is situated in the lower part of the Gohar Rud
valley, near Rostam Abad in the province of
Gilan (Negahban, 1996). The site dates back
to the late 2nd millennium Bce (13th century
Bce) and was composed of 53 intact roughly
constructed rich tombs made by stones and

Fig. 1.2. Golden necklaces and earrings
from Marlik. (Photo: Neda Tehrani and Nima
Fakoorzadeh — by courtesy of the National
Museum of Iran.)

mortar. Among the archaeological findings, sev-
eral ornamental items and other objects have
been identified related to pomegranate. Several
necklaces (Negahban, 1996: Pl. XXVI-163; Pl.
XXVII-205/206; PL. LI-165; Pl. LVI-205/206;
PL. LVIII-210) and earrings (Fig. 1.2) (Negahban,
1996: PL. XXVIII-363; PL. LII-170/171) were
found in funeral contexts. Besides these objects,
four pomegranate cage bells have been discov-
ered in tombs no. 18, 30, 44 and 47 (Negahban,
1996: Pl. CXXXVI-943/944/945/946).

A bronze pomegranate-shaped bell used
as clapper was also found in a burial context
at Gohar Tepe in Mazandaran. It has been re-
ported from burial AG2IV-20 (Piller et al., 2009)
belonging to Iron Age I/II contexts. Another
archaeological source for the iconography of
pomegranate in Iran is a trove of objects, also
known as the Ziwiye Treasure, found at the ar-
chaeological site of Ziwiye (dating back from the
9th to 7th centuries Bce), in Kurdistan province.
Indeed, in 1948 the French architect A. Godard
published a museum catalogue presenting a small
group of silver and ceramic artefacts supposedly
from a site near Saqqiz in the north-west of Iran
(Muscarella, 2013). Among other objects, sev-
eral pomegranate-shaped decorative elements
were found in Ziwiye. One of them is an ivory
item in the form of a pomegranate, now kept in
the Metropolitan Museum of Art. At the same
museum are several golden plaques with winged
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Fig. 1.3. Golden earrings and a necklace. (Photo: Neda Tehrani and Nima Fakoorzadeh - by courtesy of

the National Museum of Iran.)

creatures approaching stylized trees (dating back
to the 8th to 7th centuries Bcr) clearly depicting
pomegranate motifs.

1.6.2 Achaemenid period

During the Achaemenid period, the iconograph-
ic evidence of pomegranate increases consider-
ably. These attestations can be divided into two
categories; that is, goldsmithery and rock relief.
In the case of goldsmithery, one of the finest ob-
jects, actually kept in the National Museum of
Iran, is a pair of earrings with two rows of pome-
granates encircled in a golden ring. On each of
them, a pendent hangs, enfolded by a golden
lace (Fig. 1.3, left). This object could be consid-
ered as a masterpiece of Achaemenid goldsmith-
ery. An earring in the form of a pomegranate is
another example of Achaemenid goldsmithery
(Fig. 1.3, middle). Another item is a golden neck-
lace, found recently in the region of Behbahan
located in south-east Khuzestan (Razmjou,
2019). Six bulky pomegranates are represented
in the lower part of the necklace (Fig. 1.3, right).

Regarding the presence of pomegranate in
the rock art of the Achaemenid period, there is
a noteworthy rock relief scene from the eastern
staircase of Apadana at Persepolis, represent-
ing the Achaemenid king, Darius the Great.
In his hand, he is holding a flower that easily
could be a pomegranate flower with extra blos-
soms (Figs. 1.4 and 1.5). If it is so, it indicates
that pomegranate was an auspicious element
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not only in religious rituals but also in royal
ceremonies (Keshavarzi, 2014). According
to historical texts, about one-tenth of the
Achaemenid immortal guards carried spears
with golden pomegranates on their shafts, and
the other nine-tenths of them had spears with
silver pomegranates on their shafts (Curtis and
Simpson, 2010). This evidence shows sharply
the omnipresence of pomegranate in the art and
mythology of the Achaemenid period. Moreover,
the pollen records from Lake Maharlou near
Persepolis also indicate the cultivation of pome-
granate in this period.

1.6.3 Pollen evidence of pomegranate
cultivation in ancient Persia

Pomegranate (Punica granatum) is the most
newly discovered cultivated tree in the pollen
records of Lake Maharlou basin, some 50 km to
the south of Persepolis. Pomegranate has a vast
natural distribution from the Balkans to north-
western India but is mostly restricted to the
Irano-Turanian and Mediterranean floristic re-
gions (Levin, 2006). Despite difficulties in detect-
ing the indigenous species, Reschinger (1966)
reported pomegranate natural populations in
Iran mainly in the north (Gorgan, Mazandaran
and Gilan provinces) as well as northern parts
of Azerbaijan, Kurdestan, Qazvin and far east
Baluchestan. The documented pomegranate pol-
len grains were extracted from sediments dating
back to the Achaemenid period. The discovery of
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Fig. 1.4. A representation of Darius the Great bearing a pomegranate flower with two blossoms. (Photo:
Neda Tehrani and Nima Fakoorzadeh — courtesy of the National Museum of Iran.)

P. granatum pollen in the Maharlou record is the
first report for southern Iran, which seems too
far from the proposed natural stands of the tree
in north Iran (Gorgan, Mazandaran and Gilan
provinces), north-west Iran (Azerbaijan prov-
ince), Kurdistan and even in eastern Baluchistan
(Reschinger, 1966). Furthermore, the tree is ex-
tremely underrepresented in modern pollen rain
due to insect- and self-pollination, suggesting
that only a few counted pollen grains may indi-
cate large-scale plantations (Morton, 1987). It
is worth mentioning that Bottema (1986) iden-
tified rare pomegranate pollen in Urmia Lake
(north-west Iran). However, due to age uncer-
tainty of that record and the location of the lake
in north-west Iran, no solid conclusion can be

Fig. 1.5. Pomegranate flower and blossoms on
Persepolis reliefs. (Photo courtesy of Khoobchehr
Keshavarzi.)

made about the exact age and possible cultiva-
tion of the tree.

The domestication practices of pome-
granate are thought to have begun in the
Transcaucasia-Caspian area and northern
Turkey around the late Neolithic period (Levin,
2006; Chandra et al., 2010). Applications of
pomegranate have been traced back to the 4th
millennium Bce in the ancient Near East and
Mediterranean region. Besides having dietary
and medicinal properties, pomegranate fruits
have been widely used as a fertility symbol
to decorate the clothes and jewellery of royal
Assyrian women. The fruit also appears in sev-
eral Assyrian rituals and royal gardens as shown
by their rock relief representations (SAA 7, 72,
81). In addition, the pomegranate name ap-
pears in PFA 33 from the Persepolis Fortification
Archive (PFA!). The Elamite administrative texts
recorded tree seedling inventories to be planted
in five ‘paradises’ in the Achaemenids heart-
land (Henkelman, 2013). In this tablet, which
is mostly written in Aramaic or Elamite lan-
guages, the name for pomegranate (ka-ru-kur)
appears with the names of other fruit trees like
pear, quince, mulberry, olive, date and apple.
In conclusion, the particular pollen dispersal
of this species along with the historical records
strongly support the hypothesis of fruit tree cul-
tivation and particularly pomegranate cultiva-
tion in the Maharlou Lake basin (Tilia and Tilia,
1972-1978; Ward, 2003; Keshavarzi, 2014).
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Fig. 1.6. Stucco reliefs representing repeating
pomegranates in palmettes from Chal Tarkhan,
Rey (left) and Gouriyehr (right). (Photos courtesy
of Alimohammad Yavari and Leila Khosrawi, and
the National Museum of Iran..)

1.6.4 Sassanid period

In the Sassanid era, pomegranate became a com-
mon architectural decorative item (Fig. 1.6).
Several motifs of this fruit have been identified
on the stucco found in the Sassanid royal com-
plexes including Tell Dahab (Cteciphon), Umm
az Za'atir (Ctesiphon), Tell Ma'aridt IV (Kroger,
1982: pl.10/1-2; pl. 21/3-4; pl. 38/3 & 5),
the palace of Kish (Kroger, 1982: pl. 81/1-2;
pl. 88/4), Chal Tarkhan (Rey) and Gouriyeh
(Khosrawi, 2016). It is noteworthy that the
motif of pomegranate is very common on some
silver vessels of the Sassanid period, too. After
the fall of the empire in 651 BcE, traditional
decorative motifs of the Sassanid period con-
tinued to appear during the Islamic era. Under
the Umayyad, the motif of pomegranate was a
common architectural decorative element as
can be seen in architectural decorations in Syria
and Palestine (Baer, 1986). In Kharbat al Mafjar,
Hisham'’s palace, near Jericho, a stucco panel,
now kept in the Rockefeller Museum, clearly de-
picts pomegranate encircled in thistle leaves. It is
without any doubt a theme that shows a strong
similarity to the stucco frieze of the Sassanid pe-
riod. The motif of pomegranate has been report-
ed in architectural decoration at Samarra from
the Abbasid era (Corsi, 2017). In the Iranian
homeland, the motif of pomegranate was found
in the archaeological excavations at Darreh
Shahr (Seymareh region) dating from the early
Islamic era. On a stucco frieze at Darreh Shahr,
the motif of pomegranate is depicted in a very
natural style (Lakpour, 2011).
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1.7 Pomegranate in Bronze Age
Ancient Near East and in the Levant

The presence of pomegranate in the Levant, both
the original fruit, Punica protopunica L., and the
domesticates P granatum L. is archaeologically
attested from the 4th millennium Bce. The spread
of this plant from the Middle to the Near East oc-
curred between the second half of the 4th and
the first half of the 3rd millennium Bce, though
some specimens reached the Fertile Crescent even
before this time (Fateh et al., 2013; Kokaj et al.,
2017). This may be connected with Sumerian
trade with ancient Iran, Afghanistan, Pakistan
and India (Harappa and Mohenjo-daro in the
Indus Valley). Long-distance commerce with
India was practised by the Sumero-Akkadian
city-states of Mesopotamia and Elam (Schmandt-
Besserat, 1992), and this route is possibly the one
through which the original pomegranate shrub
(P, protopunica L.) reached Mesopotamia, Anatolia,
Syria and Palestine. Sumerians were possibly the
protagonists of such diffusion, and they were the
originators of the domestication of the pomegran-
ate. Its florid aspect and healthy properties make
this fruit suitable for symbolic associations with
human fertility, and thus life and death. For this
reason, in ancient Mesopotamian art it is often
represented with the deities of fertility, fecundity
and abundance. The pomegranate tree represents
the Tree of Life in Assyrian art (Lurker, 1971;
Barnett, 1982; Muthmann, 1982; Moortgat-
Correns, 1989).

In ancient Syria and Levant, pomegran-
ate seeds were found in Ebla (Wachter-Sarkady;,
1995), Tell es-Sultan/Jericho, Tell el-Jazari/
Gezer, Tell el-Hesi (Lipschitz, 1989), Tell es-
Sa'idiyeh (Cartwright, 1997) and Arad (Hopf,
1978) in 3rd millennium Bce contexts, show-
ing a capillary distribution at the time of early
urbanization. The spread of this species in the
Levant increased in the 2nd millennium BscE,
and it was found in several rich cities, such as
Ebla in the Sacred Area of Ishtar (Matthiae,
1993, Matthiae, 2002), Tell ed-Dab’a Temple
III (Bietak, 2009) and in Jericho tombs (1700-
1650 BcE; Kenyon, 1960; Hopf, 1969). Over the
centuries, pomegranate continued to be a sym-
bolic fruit in the Islamic period; the mosaic of
the diwan of Qasr Hisham (743 BcE), Jericho, rep-
resents the Tree of Life, depicted as a luxuriant
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pomegranate tree, according to the ancient
Mesopotamian iconography. In Late Bronze Age
Levant are numerous attestations of pomegran-
atesin jewellery and in other luxury items (Loud,
1948; Nigro, 1994). A symbolic meaning is also
evidenced by its presence in cult stands and vo-
tives found in Levantine temples.

1.8 Pomegranate in Ancient Egypt

Evidence in Egypt starts from the 2nd millen-
nium Bck — if one excludes a small jar made of
breccia stone dating from the Early-Dynastic pe-
riod (3150-2686 Bce), when renewed relation-
ships with the Levant during the 13th Dynasty
favoured the diffusion of the tree. Attestations
become significantly more numerous from the
18th Dynasty, thus suggesting that this fruit
was imported from Palestine. Furthermore, from
Egyptian sources and ethnographic studies we
know that ancient Egyptians made wine from
the pomegranate (Loret, 1892); the rind was
used to treat intestinal diseases and for dyeing
leather. The flowers were crushed to make a red
dye, which could also be obtained by pressing the
peel. The juice from pomegranates was called
schedou, and the rind was considered to have spe-
cific anti-inflammatory properties. Pomegranate
juice was used also to trigger the fermentation of
wine (Goor, 1967). Pomegranate was an impor-
tant element in the rich and varied diet of the
wealthy classes (Bard, 2015, p. 6).

1.9 Pomegranate in Iron Age Levant

From the Iron Age extensive evidence of pome-
granate is found, especially in funerary contexts
of the Levant, as its image is found in tombs, deco-
rations, personal ornaments, urns and sarcoph-
agi. This popularity is transversal to cultures and
funerary customs, and affects all ethnic groups
living in the Levant. The Philistines, one of the
Sea Peoples who settled in southern Levant at the
beginning of Iron Age, considered the pomegran-
ate as the sacred fruit of Astarte, the goddess of
wild nature and fertility. Votive offerings and cult
stands, as well as pomegranate-shaped vases and
kernoi decorated with these fruits, were found in
her cult place (Temple 131) at Tell Qasile (Mazar,

1980a, b). In the Near East and Levant pome-
granate has a further symbolic value connected
to the kingship (Abram, 2009) and continues to
be reproduced on textiles, wood, ivory and pre-
cious metals in the form of symbolic ornaments.
Already in the 2nd millennium Bck, two small
sceptres were found in Tell en-Nami bearing a
finial in the shape of a pomegranate. In the 1st
millennium Bce similar pomegranate finials were
set on the top of bronze or ivory rods and sceptres
found in Levantine temples (Tufnell, 1958; Artzy,
1990, 1995). A small ivory pomegranate from
the illegal market of antiquities, probably dating
to the 8th century Bce, now at the Israel Museum,
Jerusalem (Avigad, 1994; Abram, 2009), repre-
sents a still-maturing pomegranate fruit with the
elongated calyx occupying half its height. As is
the case for earlier Late Bronze Age pomegranate
finials, its base is slightly hollowed, and probably
originally fitted on to a rod. A Paleo-Hebrew in-
scription is incised on top (Lemaire, 1981, 1984).
Pomegranates are represented on Neo-
Assyrian reliefs (Borker-Klihn, 1957-1971)
and on Phoenician ivories (Mallowan, 1966).
Phoenician glass models of pomegranate were
given as funerary offerings in Iron Age Levantine
and Egyptian tombs. A key example of how pome-
granate could be employed in personal ornaments
and robe decoration is offered by the queens’
tombs discovered underneath the North-West
Palace of Ashurnasirpal II at Nimrud. Diadems,
pendants, earrings, beads and engraved represen-
tations on ivory boxes are decorated with pome-
granates as symbols of fertility (Hussein, 2016).
Pomegranate became a common decorative ele-
ment in the Assyrian and Achaemenid period in
furniture, clothes and architecture, as finials or
decorations. Typical representations are those
on the wall reliefs of the North Palace at Niniveh
with King Ashurbanipal under an umbrella with
pomegranate-like finials and locks.

1.10 Pomegranate in Greece

During the 2nd millennium Bck, the pomegran-
ate was appreciated as an exotic fruit, rare and
refined, by the urban aristocracies of the Near
East; it was exchanged as a luxury item and at
the same time bore a strong symbolic value
both in sacred and funeral spheres. The same
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symbolism was transmitted to the Greek culture
at the beginning of the 1st millennium Bce. In
local literary tradition the pomegranate is con-
sidered as an allogeneic fruit coming from far
territories and mythical places (an exotic fruit
of ‘Paradise’). As an example, in the luxuriant
garden of the palace of Alcinous, king of the
Phaeacians, pomegranate is one of the fruit
trees — pears, apples, figs and olives — that bears
fruit all year round (Od. VII, 115). One of the
oldest representations of pomegranate in the
Greek world is on a pair of gold earrings found in
the burial place of the ‘Rich Lady of Areiopagus’
(Coldstream, 1995), and it continues to appear
as a standard element of aristocratic tombs, as
part of the grave goods and depicted on funerary
vases until the Classical and Hellenistic periods.
In Greek mythology the pomegranate acquires a
divine value as a fruit of the Underworld in the
myth of Demeter and Persephone (Od. XI: 589):
as for Persephone, the pomegranate provides
nourishment for the journey of the deceased
through the afterlife. In this myth, at the end of
summer Persephone returns to the Underworld
after spending two thirds of the year on earth,
exactly when the pomegranate ripens, to be con-
sumed, due to its long shelf life, in autumn and
winter, during the death of nature. So the pome-
granate symbolizes the nourishment of man in
death, but it is at the same time a medium of
rebirth, because it sustains and accompanies
the new life that awakens in spring, when the
pomegranate tree blooms and the cycle starts
again. In the myth as in real life, the pomegran-
ate marks the transition from spring/summer
to autumn/winter. It has the power to lead man
to rebirth (spring) after feeding him during the
death (winter). Furthermore, in Greek mythol-
ogy the pomegranate is also linked to Hera, the
wife of Zeus. The golden fruits (in ancient Greek:
uiiAn) of the tree that she received from Gaia as a
wedding gift had the power to give immortality:
the golden pomes were probably pomegranates.

1.11  Pomegranate in Phoenician

and Punic Mediterranean

In the Phoenician pantheon, Astarte is the
goddess who embodies the power of presiding
over natural rhythms and the cycle of seasons,

printed on 2/13/2023 12:34 PMvia .

acquiring several aspects of similar goddesses,
such as Egyptian Hathor, Greek Hera and, later
on, Isis and Demeter. During the 5th century
Bce, with the major influence of the Hellenic
culture over the Phoenician-Punic world in
Sicily, Astarte gathers the chthonic aspects of
Demeter in cults, rituals, symbols and icono-
graphies including that of the pomegranate
(Ribichini, 2015). It is highly probable that
the diffusion of pomegranate in the western
Mediterranean is due to Phoenician expan-
sion as indirectly suggested by the Latin name
of this fruit. Pomegranate first reached west-
ern Sicily (Motya) and North Africa (Utica and
Carthage) and then Carthage itself to contribute
to its capillary spread over the Balearic Islands,
the Iberian Peninsula and Sardinia, from where
it was transmitted to the Etruscan and Roman
world.

1.12 Carthage and Punic North
Africa

[...] But the vicinity of Carthage is claimed more
particularly as its own by the fruit the name of
which is the ‘Punic apple’; though by some it is
called ‘granatum’.

Plinius the Elder, Naturalis Historiae 13.31?

In this renowned part of Naturalis Historiae,
Plinius the Elder tells us about the provenance
and diffusion of P. granatum L. from North Africa
to other Mediterranean regions, such as Rome.
The pomegranate was a very popular fruit in
Carthage between the 3rd and the 2nd century
BCE (Van Zeist and Bottema, 1982; Lancel, 1992;
Van Zeist et al., 2001). Palaeo-botanic analysis
revealed that more than half of the seeds found
in the area of the harbour of Carthage are P
granatum L., thus showing the wide distribu-
tion of the fruit, which reached a peak of popu-
larity in North Africa under the Carthaginian
rule. The conservation of pomegranates des-
tined for export is the topic of Mago’s work. The
Carthaginian author, who lived in the 2nd cen-
tury Bce, was translated into Greek and Latin by
Cassius Dionisius, and became a major source
for Roman authors such as Plinius the Elder
(Plinius the Elder, Naturalis Historiae 1.51; 8.84;
10.98). By illustrating Carthaginian agricul-
tural skills, Mago describes the techniques for
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the preservation of pomegranates to be trans-
ported by sea as reported by Latin sources. Mago
explains that the best way to ship pomegran-
ates and preserve their fragrance is to sink them
into sea water or humid soil (Plinius the Elder,
Naturalis Historiae 15.20). This may indicate the
importance attributed to pomegranate produc-
tion and trade in Carthage as one of the agricul-
tural industries of the Carthaginian aristocracy,
as archaeologically indicated by the great num-
ber of seeds of P. granatum L. found in the har-
bour of Carthage, where these fruits underwent
the preservation treatments described by Mago.

However, the presence of pomegranate at
Carthage goes back to the 7th or even 8th cen-
tury Bce, when in archaic tombs terracotta rep-
licas of pomegranate were found, like in Levant
and in Greece. Pomegranate replicas were also
found in funerary sets in the following centuries
from the 6th to the 3rd century Bce and also later
(Campanella, 2008). Pomegranate representa-
tions are very common on Tophet stelas of the 4th
and 3rd century Bck, due to the symbology of this
fruit in connection with death and rebirth. While
in the Archaic period pomegranate seemed to be
a prerogative of mercantile aristocracy, since the
5th century Bck it gained great popularity in the
carved imagery of the subaltern classes.

1.13 Iberian Peninsula

The presence of pomegranate in the Iberian
Peninsula possibly antedates its actual archaeo-
logical identification from the 6th century Bce in
the coastal region reached by Phoenicians (Mata
Parreno et al., 2007; Mata Parreno et al., 2010),
who were probably responsible for the introduc-
tion of said trees in Andalusia. From that time
onwards, the cultivation of pomegranate ex-
tended to the whole peninsula not only on the
coasts but also in the hinterland. The earliest
pomegranate was found in Huelva (Pérez-Jorda
et al., 2017) by virtue of the good and stable
connections between the Tartessian culture and
Phoenicians, who possibly were the source of
the plant. In the archaeological records, pome-
granate is generally found in funerary contexts.
The most ancient attestations are from the ne-
cropolis of La Fonteta (Valencia), in aristocratic
tombs of the 6th century Bce (Torres Gomariz,

2017). Pomegranate-shaped pottery vessels are
in the coeval necropolises of La Bobadilla (Jaén)
(Maluquer et al., 1981), and, successively, in
tombs of the first half of the 5th century Bck of
the necropolis of Tutugi (Granada) (Izquierdo,
1997; Pereira et al., 2004; Mata Parreno et al.,
2010), and of the 4th century Bck of Cerro del
Santuario (Baza, Granada) (Presedo, 1982;
Adroher Aurouz and Lopez Marcos, 1992). In
Iberia the presence of pomegranate in archaeo-
logical contexts, both funerary and domestic,
increases with the strengthening of Carthage
military control over the region, as is suggested
by the great quantities of seeds of this fruit re-
trieved in Andalusian harbours, which also
shows the importance of the pomegranate trade
for the local economy at that time (Almagro-
Gorbea et al., 2010; Torres Gomariz, 2017).

1.14 Phoenician and Punic Sardinia

The attestation of pomegranate in Phoenician
and Punic Sardinia is mostly connected to the
funerary realm. This fruit appears in funerary
symbology, as shown by a pomegranate-shaped
vase found in a tomb of the Punic necropolis
of Olbia (Levi, 1949). From Tharros, in the
Collezione Chessa now in the National Museum
at Sassari, are enlisted some golden pendants
in the shape of pomegranates, a common fea-
ture also in the homeland, which can be dated
from the 6th or 5th century Bce (Crespi, 1868;
Moscati and Uberti, 1987). Pomegranate pres-
ences increase between the end of the 6th and
the 5th century BcE, as the influence of Greek
culture affects figurative art, and especially vo-
tive choroplastic. From this period and in the
following Hellenistic period, the iconography
of the enthroned goddess with polos, identified
with Demeter, who usually holds in her hands
a dove, a torch, a piglet and a pomegranate,
becomes very popular (Pesce, 1961; Uberti,
1977). Actually, the circulation and imita-
tion of a certain kind of Greek choroplastic,
devoted to Demeter, vehiculated the spread of
the iconography of this fruit (Tore, 1989) more
than the commercial and cultural relationship
between Sardinia and Carthage. Nevertheless,
in Sardinia the symbolic value of the pome-
granate has survived to the present day: a folk
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tradition of Sant’Antioco of the Day of the
Dead, in the night between 1 and 2 November,
is to place a cup of milk and pomegranate out-
side the front door as offerings for the deceased.

1.15 Pomegranate in Sicily and
Magna Graecia

Sicily has been considered a fertile and fruitful
land since ancient times, as it was described by
Aeschylus, the renowned Greek dramatist (tf|g
KOAMKAPTIOU ZikeAiog Aevpovg yoog: Aesch.
Prom., 371). One of the earliest indications
of pomegranate in Sicily is in the 8th century
BCE, at Motya, the earliest Phoenician colony
in Sicily, and it refers to a cult compound de-
voted to Astarte (Nigro and Spagnoli, 2017).
Pomegranates are apparently absent in the 7th
and 6th century Bck from Phoenician tombs in
Sicily. However, in the following 5th century
BcE, with cultural Hellenization, the image of
the pomegranate spread, both as part of funer-
ary goods and in iconography. Noticeably, in the

4th and 3th century Bck, majestic pomegran-
ates are depicted on the painted funerary stelas
from Lylibaeum (Vento, 2000). The syncretistic
process affecting Phoenician Astarte and Greek
Demeter (Ribichini, 1995; Spagnoli, 2013)
is widespread in Sicily and in Magna Graecia
(southern Italy), where the eastern Mistress of
Animals/Mother Goddess of oriental origins
merges with Hera. The pomegranate garlands
depicted on the walls, golden and clay pome-
granates, and statuettes of Hera holding a
pomegranate and a patera (plate) in her hands
adorned the Patrician hypogea at Paestum
(Pontrandolfo and Rouveret, 1992). This sym-
bolism survives across millennia, as testified by
the syncretism between Hera and the Holy Mary
of the sanctuary of the ‘Madonna del Granato’
at Capaccio (Salerno, Italy) near Paestum (Puca,
2014). The modern sanctuary was erected upon
a Temple of Hera dominating the valley of the
Sele river. The cult statue of Holy Mary repre-
sents the Virgin holding a sceptre with a pome-
granate as finial, replicating the sacred gesture
and the attribute of the ancient Greek deity.

Notes

' (Abram, 2009) ‘PFA is a single ancient artefact integrating Elamite and Aramaic texts in a bureaucratic
and archival system ... in the form of sealed, roughly tongue-shaped tablet around a knotted string.
It belongs to the branch of regional administration that organized and controlled the intake, storage,
and notably the redistribution of locally produced food commodities within the Persepolis economy’
(Henkelman, 2013).

2 [...] Sed circa Carthaginem punicum malum cognomine sibi vindicat; aliqui granatum appellant.

References

Abram, M. (2009) The pomegranate: sacred, secular, and sensuous symbol of ancient Israel. Studia
Antiqua 7, 23-33.

Adroher Aurouz, A. and Lépez Marcos, A. (1992) Reinterpretacion cronolégica de la necrépolis ibérica del
Cerro del Santuario (Baza, Granada). Florentia lliberritana 3, 9-30.

Almagro-Gorbea, M., Lépez Rosendo, M.E., Mederos Martin, A. and Torres Ortiz, M. (2010) Los sarcofa-
gos antropoides de la necrépolis de Cadiz. Mainake 32, 357-394.

Artzy, M. (1990) Pomegranate scepters and incense stand with pomegranates found in a priest’s grave.
Biblical Archaeology Review 16(1), 49-51.

Artzy, M. (1995) Nami: a second millennium international maritime trading center in the Mediterranean. In:
Gitin, S. (ed.) Recent Excavations in Israel: A View to the West (Archaeological Institute of America
Colloquia & Conference Papers 1). Archaeological Institute of America, Dubuque, lowa, pp. 17-40.

Avigad, N. (1994) The inscribed pomegranate from the ‘House of the Lord’. Israel Museum Journal 8,
7-16.

printed on 2/13/2023 12:34 PMvia . Al use subject to https://ww.ebsco.contterms-of-use



EBSCChost -

Archaeology, History and Symbolism 11

Baer, E. (1986) Khirbat al-Mafdjar. In: Bearman, P., Bianquis, T., Bosworth, C.E., van Donzel, E. and
Heinrichs, W.P. (eds) Encyclopaedia of Islam. Birill, Leiden, Germany, pp. 51-67.

Bard, K.A. (2015) An Introduction to the Archaeology of Ancient Egypt. Oxford University Press, Oxford.

Barnett, R.D. (1982) Ancient Ivories in the Middle East (QEDEM, Monographs of the Institute of Archaeology,
the Hebrew University of Jerusalem 14). Institute of Archaeology the Hebrew University of Jerusalem,
Jerusalem.

Bietak, M. (2009) Near eastern sanctuaries in the eastern Nile delta. Bulletin d’Archéologie et d’Architecture
Libanaises V1, 209-228.

Borker-Klahn, F. (1957-1971) Granatapfel: Reallexicon Der Assyriologie und Vorderasiatischen Archdologie
1. de Gruyter, Berlin/New York, pp. 610-630.

Bottema, S. (1986) A late quaternary pollen diagram from lake Urmia (northwestern Iran). Review of
Palaeobotany and Palynology 47(3-4), 241-261. DOI: 10.1016/0034-6667(86)90039-4.

Campanella, L. (2008) /I cibo nel mondo fenicio e punico d’Occidente. Un’indagine sulle abitudini alimen-
tari attraverso I'analisi di un deposito urbano di Sulky in Sardegna (Collezione di Studi Fenici 43).
Serra Editore, Pisa/Rome.

Cartwright, C.R. (1997) Interim report on the archaeobotanical material from the 1996 season of excava-
tions of the Early Bronze Age complex at Tell es-Sa’idiyeh, Jordan. Palestine Exploration Quarterly
129, 72-75.

Chandra, R., Babu, K.D., Jadhav, TV. and Teixeira da Silva, J.A. (2010) Origin history and domestication
of pomegranate. Fruit, Vegetable and Cereal Science and Biotechnology 4(Special Issue 2), 1-6.

Coldstream, J.N. (1995) The rich lady of the Areiopagos and her contemporaries: a tribute in memory of
Evelyn Lord Smithson. Hesperia 64(4), 391-403. DOI: 10.2307/148498.

Corsi, A.L. (2017) A brief note on early Abbasid stucco decoration: Madinat Al-Far and the first Friday
mosque of Isfahan. Vicino Oriente XXI 21, 83-95.

Crespi, V. (1868) Catalogo illustrato della raccolta di antichit sarde del Sig. Raimondo Chessa, Cagliari,
Italy.

Curtis, J. and Simpson, S.J. (2010) The World of Achaemenid Persia: History, Art and Society in Iran and
the Ancient Near East. |.B. Tauris, London.

Fateh, M.V., Ahmed, S., Ali, M. and Bandyopadhyay, S. (2013) A review on the medicinal importance of
pomegranate. Rajiv Gandhi University of Health Sciences Journal of Pharmaceutical Sciences 3,
23-25.

Goor, A. (1967) The history of the pomegranate in the Holy Land. Economic Botany 21(3), 215-230. DOI:
10.1007/BF02860371.

Henkelman, W.F.M. (2013) Administrative realities: the Persepolis Archives and the archaeology of the
Achaemenid heartland. In: Potts, D.T. (ed.) The Oxford Handbook of Ancient Iran. Oxford University
Press, Oxford, pp. 529-546.

Hopf, M. (1969) Plant remains and early farming in Jericho. In: Ucko, P.J. and Dimbleby, C.W. (eds) The
Domestication and Exploitation of Plants and Animals. Gerald Duckworth, London, pp. 355-359.

Hopf, M. (1978) Plant remains, strata V-I. In: Amiran, R. (ed.) Early Arad. 1. Israel Exploration Society,
Jerusalem, pp. 64-81.

Hummer, K.E., Pomper, K.W., Postman, J., Graham, C.J., Stover, E. et al. (2012) Emerging fruit crops. In:
Badenes, M.L. and Byrne, D.H. (eds) Fruit Breeding, Handbook of Plant Breeding. Springer, New
York, pp. 97-147.

Hussein, M.M. (2016) Nimrud. The Queen’s Tombs. Oriental Institute Miscellaneous Publications, Chicago,
lllinois.

Izquierdo, I. (1997) Granadas y adormideras en la cultura Ibérica y el contexto del Mediterraneo antiguo.
Pyrenae 28, 65-98.

Janick, J. (2005) The origins of fruits, fruit growing, and fruit breeding. In: Gilbert, M. and Goldman, I.L.
(eds) Plant Breeding Reviews. John Wiley & Sons, Inc., Hoboken, New Jersey, pp. 255-320.

Kenyon, K.M. (1960) Excavations at Jericho I. In: The Tombs Excavated in 1952-1954. The British School
of Archaeology in Jerusalem, London.

Keshavarzi, K. (2014) A New Approach to Persepolis Based on Avesta and Religious-Ritual Ceremonies.
Behjat Publications, Tehran, Iran.

Khosrawi, L. (2016) Report of excavations at Guriyeh building, Ivan, llam Province. unpublished report.
Iranian Center for Archaeological Records Archive.

Kokaj, T., Cakalli, A.D. and Ismaili, H. (2017) IBA for rooting influence of some varieties of pomegranate
(Punica granatum L). Albanian journal of agricultural sciences 23, 133-137.

printed on 2/13/2023 12:34 PMvia . Al use subject to https://ww.ebsco.contterms-of-use



EBSCChost -

12 F. Spagnoli et al.

Kroger, J. (1982) Sassanidischer Stuckdekor. \lerlag Philipp von Zabern, Mainz am Rhein, Germany.

Lakpour, S. (2011) Archaeological Excavations and Researches of Darreh Shahr (Saymareh). Pazineh
Publications, Tehran, Iran.

Lancel, S. (1992) Carthage. Brépols, Paris.

Lemaire, A. (1981) Une inscription paléo-hébraique sur grenade en ivoire. Revue Biblique 88(2), 236-239.

Lemaire, A. (1984) Probable Head of Priestly Scepter from Solomon’s Temple Surfaces in Jerusalem.
Biblical Archaeology Review 10(1), 24-29.

Levi, D. (1949) Le necropoli puniche di Olbia. Studi Sardi 9, 5-120.

Levin, G.M. (2006) Pomegranate. Third Millennium Publishing, Tempe, Arizona.

Lipschitz, O. (1989) Plant economy and diet in early Bronze age in Israel: a summary. In: de Miroschedji,
P. (ed.) Lurbanisation de la Palestine I'age du Bronze Ancien. Bilan et perspectives des recherch-
es actuelles, Actes du colloque d’Emmalis (20-24 octobre 1986). British Archaeological Reports
International Series 527, Oxford, pp. 269-277.

Loret, V. (1892) La flore pharaonique d’apres la documentation hiéroglyphique et les spécimens décou-
verts dans les tombes. E. Leroux, Paris.

Loud, G. (1948) Megiddo, Il. Seasons of 1935-39, Oriental Institute Publications 62. Oriental Institute,
Chicago, lllinois.

Lurker, M. (1971) Beitrdge zu Geschichte, Kultur und Religion des Alten Orients. In Memoriam Eckhard
Unger. Valentin Koerner, Baden-Baden.

MacKenzie, D.N. (1971) A Concise Pahlavi Dictionary.. Reprint, Oxford University Press, London, 1986.

Mallowan, M.E.L. (1966) Nimrud and its Remains. Vol. 2. Collins, London.

Maluquer, J., Picazo, M. and del Rincén, J. (1981) La necrépolis ibérica de la Bobadilla (Jaén). In: Maluquet,
J. and Aubet, M.E. (eds) Andalucia y Extremadura. Programa de investigaciones protohistoricas di-
rigido por Juan Maluquer de Motes. Departamento de Prehistéria y Arqueologia, Barcelona, Spain,
pp. 1-51.

Mata Parrefio, C., Badal Garcia, E., Bonet Rosado, H., Collado Mataix, E., Fabado Alés, F.J. et al. (2007)
De lo real a I'imaginario. Approcimacion a la flora ibérica durante la edad del hierro. Anales de
Arqueologia Cordobesa 18, 93-122.

Mata Parrefio, C., Badal Garcia, E., Bonet Rosado, H., Collado Mataix, E., Fabado Alés, F.J. et al. (2010)
Comida para La eternidad: Saguntum extra. Papeles del Laboratorio de Arqueologia de Valencia
9,277-286.

Piller, C.K., Mahforouzi, A., Bagherpour, N., Neumann, T. and Ogiit, B. (2009) First preliminary report
on the joint Iranian-German excavations at Gohar Tappe, Mazandaran, Iran. Archédologische
Mitteilungenaus Iran und Turan 41, 1-33.

Matthiae, P. (1993) L'aire sacrée d’Ishtar Ebla: Résultats des fouilles de 1990-1992. Comptes-Rendus des
seances de I'Académie des Inscriptions et Belles-Lettres 137(3), 613-661.

Matthiae, P. (2002) Tell Mardikh, 1977-1996: Vingt Ans de Fouilles et de Découvertes. La Renaissance
d’Ebla Amorrheenne. Akkadica101, 1-29.

Mazar, A. (1980a) Excavations at Tel Qasile Part One. The Philistine Sanctuary: Architecture and Cult
Objects, QEDEM, Monographs of the Institute of Archaeology, the Hebrew University of Jerusalem,
12. Jerusalem.

Mazar, A. (1980b) Excavations at TEL Qasile Part Two. The Philistine Sanctuary: Various Finds, The
Pottery, Conclusions, Appendixes, QEDEM, Monographs of the Institute of Archaeology, the Hebrew
University of Jerusalem, 12. Jerusalem.

Moortgat-Correns, U. (1989) La Mesopotamia. Storia Universale dell’Arte, sezione prima: le civilt antiche
e primitive, diretta da Sabatino Moscati, Turin, Italy.

Moscati, S. and Uberti, M.L. (1987) Localia punica. La collezione del Museo Nazionale G.A. Sanna di
Sassari (Memorie dell’Accademia Nazionale dei Lincei 29, serie 8°. Accademia Nazionale dei Lincei,
Roma.

Morton, J.F. (1987) Fruits of Warm Climates. Creative Resource Systems, Winterville, New York.

Muscarella, O.W. (2013) Archaeology, artifacts and Antiquities of the ancient near East: sites, cultures, and
Provenience. 62. Brill, Leiden (Original work published 1977) pp. vi-1088.

Muthmann, F. (1982) Der Granatdpfel: Symbol des Lebens in der alten Welt. Fribourg, Switzerland.

Negahban, E.O. (1996) Marlik: The Complete Excavation Report. The University Museum, University of
Pennsylvania Publications, Philadelphia, Pennsylvania.

printed on 2/13/2023 12:34 PMvia . Al use subject to https://ww.ebsco.contterms-of-use



EBSCChost -

Archaeology, History and Symbolism 13

Nigro, L. (1994) Ricerche sull’architettura palaziale della Palestina delle et del Bronzo e del Ferro. Contesto
archeologico e sviluppo storico (Contributi e Materiali di Archeologia Orientale, 5). Universita degli
Studi di Roma "La Sapienza", Rome.

Nigro, L. and Spagnoli, F. (2017) Landing on Motya. The earliest Phoenician settlement of the 8th cen-
tury BCE and the creation of a West Phoenician cultural identity in the excavations of Rome «La
Sapienza» University — 2012-2016. Stratigraphy, architecture, and finds, Quaderni di Archeologia
Fenicio-Punica/Colour Monograph 04. Missione Archeologica a Mozia, Rome.

Nigro, L. and Spagnoli, F. (2018) Pomegranate (Punica granatum L.) from Motya and its deepest oriental
roots. Vicino Oriente XXII, 49-90.

Pontrandolfo, A. and Rouveret, A. (1992) Le tombe dipinte di Paestum. Franco Cosimo Panini, Modena,
Italy.

Presedo, F.J. (1982) La necrdpolis de Baza (Excavaciones Arqueoldgicas en Espana 119). Ministerio de
Cultura. Direccion General de Bellas Artes, Archivos y Bibliotecas, Madrid.

Puca, G. (2014) La montagna che parla. La Madonna del Granato sul monte Calpazio. Edizioni il Saggio,
Eboli, Italy.

Razmijou, S. (2019) Iran in the Achaemenid period. In: Nokandek, G. and Van Vilsteren, V.T. (eds) Iran:
Cradle of Civilization, Archaeology and History of Iran (on the basis of Iran National Museum
Collections). Iran National Museum and Drents Museum, Tehran, Iran, pp. 112-130.

Reschinger, K.H. (1966) Flora Iranica. Punicaceae. Naturhistorisches Museum Wien, Vienna.

Pereira, L., Chapa, T., Madrigal, A., Uriarte, A. and Mayoral, V. (eds) (2004) La necrdpolis ibérica de Galera
(Granada). La coleccion del Museo Arqueolégico Nacional. Ministerio de Cultura, Subdireccion
General de Museos Estatales, Madrid.

Pérez-Jorda, G., Pefia-Chocarro, L., Garcia Fernandez, M. and Vera Rodriguez, J.C. (2017) The begin-
nings of fruit tree cultivation in the Iberian Peninsula: plant remains from the city of Huelva (southern
Spain). Vegetation History and Archaeobotany 26(5), 527-538. DOI: 10.1007/s00334-017-0610-6.

Pesce, G. (1961) Sardegna punica. Editrice Sarda, Cagliari, Italy.

Ribichini, S. (1995) Flebili dee fenicie. Rivista di Studi Fenici 23, 3-35.

Ribichini, S. (2015) Statue greche E culti fenici. In: Giuffre Scibona, C., Mastrocinque, A. and Multari, A.
(eds) Ex pluribus unum. Studi in onore di Giulia Sfameni Gasparro. Quasar, Rome, pp. 157-167.

Roth, M. (1965) Chicago Assyrian Dictionary. University of Chicago Press, Chicago, lllinois.

Schmandt-Besserat, D. (1992) Before Writing: From Counting to Cuneiform. University of Texas Press,
Austin, Texas.

Sedaghat, N. (2017) An analytical study of sacred and mythological plant motifs during the Sassanid pe-
riod (rock reliefs stucco and seals). Seasonal Journal of History 12(45), 129-148.

Spagnoli, F. (2013) Demetra a Mozia: Evidenze dell’area sacra del Kothon nel V secolo a C. Vicino Oriente
XVil, 153-165.

Spagnoli, F. (2019) Pomegranate, the divine pome. A brief excursus on the fortune of pomegranate from its
deepest oriental roots to the modern Mediterranean culture. Near Eastern Archaeology Today 19, 1.

Tilia, G. and Tilia, A.B. (1972-1978) Studies and Restoration at Persepolis and Other Sites of Fars. 16.
IsSMEO Reports and Memoirs, Libreria Universitaria, Rome.

Tore, G. (1989) Sardinia Antiqua. Saggio di bibliografia fenicio-punica. Biblioteca Francescana Sarda 2, 229-427.

Torres Gomariz, O. (2017) La Granada: Usos y significados de una fruta de oriente en occidente. In:
Martinez, P. and Sala Sellés, F. (eds) El Oriente de Occidente. Fenicios y punicos en el area Ibérica.
VIl edicién del Coloquio Internacional del CEFYP en Alicante, Alicante, Spain, pp. 625-640.

Tufnell, O. (1958) Lachish IV (Tell ed- Duweir). The Bronze Age. The Welcome Marston Archaeological
Research Expedition to the Near East, London.

Uberti, M.L. (1977) Le terrecotte. In: Acquaro, E., Moscati, S. and Uberti, M.L. (eds) La Collezione Biggio.
Antichit puniche a Sant’Antioco. Consiglio Nazionale delle Ricerche, Rome, pp. 29-36.

Van Zeist, W.V. and Bottema, S. (1982) Vegetational history of the eastern Mediterranean and the
near East during the last 20,000 years. In: Bintliff, J.L. and van Zeist, W.V. (eds) Palaeoclimates,
Palaeoenvironments and Human Communities in the Eastern Mediterranean Region in Later
Prehistory, British Archaeological Reports International Series 133. BAR Publishing, Oxford, pp.
277-321.

Van Zeist, W.V., Bottema, S. and van der Veen, M. (2001) Diet and Vegetation at Ancient Carthage: The
Archaeobotanical Evidence. University of Groningen, Groningen, the Netherlands.

Vento, M. (2000) Le Stele Dipinte di Lilibeo. Centro Europeo di Studi Economici e Sociali, Marsala,
Italy.

printed on 2/13/2023 12:34 PMvia . Al use subject to https://ww.ebsco.contterms-of-use



14 F. Spagnoli et al.

Wachter-Sarkady, C. (1995) Ebla e le condizioni materiali della produzione agricola nell’antico Oriente.
In: Matthiae, P, Pinnock, F. and Scandone Matthiae, G. (eds) Ebla: Alle Origini Della Civilt Urbana.
Electa, Milan, Italy, pp. 242-251.

Ward, C. (2003) Pomegranates in eastern Mediterranean contexts during the late bronze age. World
Archaeology 34(3), 529-541. DOI: 10.1080/0043824021000026495.

Zohary, D., Hopf, M. and Weiss, E. (2012) Domestication of Plants in the Old World: The Origin and Spread
of Domesticated Plants in South-West Asia. Oxford University Press, Oxford, pp. 114-115.

EBSCChost - printed on 2/13/2023 12:34 PMvia . All use subject to https://wwm. ebsco. conl terns-of -use



EBSCChost -

printed on 2/13/2023 12:34 PMvia .

2 Taxonomy, Botany and Physiology
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2.1 Introduction

The word ‘pomegranate’ means ‘grainy apple’
and is the given name for the members of the
genus Punica L. The genus has been placed in
the families Rosaceae, Onagraceae, Myrtaceae,
Lythraceae and Punicaceae at different times
by different taxonomists (Rehder, 1949; Rana
et al., 2010). At present, the genus is consid-
ered to be in the family Lythraceae due to its
monophyletic relationships with other gen-
era of the family (The Angiosperm Phylogeny
Group, 2016; Yan et al., 2019). Punica is a
distinct entity within the family Lythraceae
as it shows some unique characteristics not
shared by the other members of the family,
and therefore, a few taxonomists are still in-
tent on conserving the family name Punicaceae
for the sake of convenience (Rana et al., 2010;
Stepanyan-Gandilyan, 2017). The pomegran-
ate has a long history of usage and cultiva-
tion, which started during early civilization in
the Mediterranean regions. It is now receiving
global attention for its wide adaptability, win-
ter hardiness, ability to grow in marginal soils
and striking health benefits in consumption.
Pomegranate fruit consumption is increasing
globally and the fruit is in high demand, espe-
cially in developed countries, due to reported

*Corresponding author: d_narzary@gauhati.ac.in

health benefits (Lansky and Newman, 2007;
Brodie, 2009; Opara et al., 2009).

Wild pomegranates are as diverse as the
cultivated ones, and many cultivars are selected
from wild populations. Thus, the pomegranate
represents a classical example of domestication of
a wild fruit tree (Evreinoff, 1957). Basic botanical
information along with different morphological
variants that a plant species possesses are the key
for germplasm tagging and crop improvement. In
addition, the growing conditions and physiologi-
cal requirements are the points that any grower
should know for better crop production and man-
agement. The wild relatives of pomegranates that
are found growing luxuriantly in the Middle East
extending up to the western Himalayan region of
India could be the potential genetic stock for fur-
ther improvement of this economically and me-
dicinally important crop.

2.2 Taxonomy and Systematics of
the Genus Punica

The genus Punica was first described by Linnaeus
under the family Punicaceae. It has two species,
namely, Punica granatum L. and Punica pro-
topunica Balf. f. The species P. protopunica, also
known as Socotran pomegranate, is endemic

© CAB International, 2021. The Pomegranate: Botany, Production and Uses

(eds A. Sarkhosh et al.)

15

Al use subject to https://ww. ebsco.conl terns-of - use


mailto:d_narzary@gauhati.ac.in

EBSCChost -

16 D. Narzary et al.

to the island of Socotra — a part of the Indian
Ocean archipelago that lies in the tropical zone
(12°30736”N) (Guarino et al., 1990). The dwarf
pomegranate, P. granatum var. nana Pers., which
bears bright scarlet flowers but inedible small
fruits, is believed to be of Pacific origin and
is often treated as the third species of Punica
(Melgarejo and Martinez, 1992). Different mor-
photypes of Punica are presented in Fig. 2.1a-e.

The intraspecific classification of P. grana-
tum was developed by B.S. Rozanov based on ova-
ry colour, a stable characteristic that is retained
when they are grown from seeds (Djavakyants,
2011). Accordingly, there are two subspecies,
namely, P granatum subsp. chlorocarpa with a
green ovary, and P. granatum subsp. porphyro-
carpa with a red ovary. The subsp. chlorocarpa
includes two botanical varieties — var. viridicolla
(green collar) and var. rosaeicolla (pink collar).
Another subsp. porphyrocarpa also includes two
varieties — var. rubricolla (red collar) and var.
cinereicolla (bluish collar). Subsp. chlorocarpa in-
cludes all wild forms and some cultivated forms,
whereas subsp. porphyrocarpa includes only
some cultivated forms (Burmistrov, 1993). Most
of the widespread cultivated pomegranates are
either bluish collar or red collar varieties of the
subsp. porphyrocarpa. However, the ovary colour
of all forms of P, granatum distributed worldwide
is not yet documented properly.

The present-day cultivated forms of pome-
granates are morphologically diverse, which may
have resulted due to domestication of wild forms
and subsequent artificial selection and cultural
practices conducted by people over centuries
(Levin, 2006). Therefore, it is difficult to follow
a natural system of classification and assign bo-
tanical variety to those variants of pomegranates.
However, a few workers assigned certain forms of
pomegranate to an infraspecific category ‘forma’
or ‘variety’, for example, P. granatum f. multiplex,
P, granatum f. albescens, P. granatum f. flavescens, P.
granatum f. pleniflora, P. granatum f. legrellei, P. gra-
natum f. tadshikorum (brown-gray bark), P. grana-
tum f. turcomanica (ash-grey bark), P. granatum f.
nigro violacea (black-purple fruits), P. granatum var.
parvifolia (small-leaf variety), P granatum var. pyro-
carpa (pear-like fruits), P. granatum var. macrocarpa
(large fruits), P granatum var. nana f. flore pleno, P.
granatum var. nana {. flore pleno minore, P. granatum
var. nana f. racemosa, P. granatum var. nana f. legrel-
lei, etc. (Rehder, 1949; Levin, 2006).
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2.2.1 Phylogeny

The genus Punica is monophyletic to the other
genera of the family Lythraceae according to
DNA-based phylogenetic studies (Conti et al.,
1997; Narzary et al., 2016; Yan et al., 2019).
In a phylogenetic study of genera in the family
Lythraceae using chloroplast and nuclear ribo-
somal gene sequences, Punica consistently ap-
peared as a sister to Pemphis with high bootstrap
supports in parsimony and likelihood analyses
(Huang et al., 2002). Conversely, internal tran-
scribed spacer (ITS)-sequence analysis revealed
a sister relationship of Punica to Woodfordia
(Narzary et al, 2016). Xylem anatomy sug-
gests P, protopunica as the ancestor of the genus
(Shilkina, 1973).

Punica, being tropical in origin (Burmistrov,
1993), has subsequently adapted and nat-
uralized to the subtropical areas of the
Mediterranean region extending up to the west-
ern Himalayas. The wild pomegranates, which
are mainly propagated through seeds, are less
diverse than the cultivated forms. Pomegranate
seeds have a high tocopherol content, a natu-
ral auto-antimutagen that might have con-
tributed to the persistence of Punica as a relict
genus (Burmistrov, 1993). Pomegranate being
a self- as well as a cross-pollinated plant might
have enabled the adaptive trait combinations to
cope with diverse climatic conditions through
the process of natural selection. On the other
hand, the absence of tocopherol in the vegeta-
tive organs might have contributed to somatic
mutations, thus creating variations among the
pomegranates in the course of evolution. The
frost-resistant bluish collar variety (var. cinerei-
colla) is considered to be evolved from the less
frost-resistant red collar variety (var. rubricolla)
within the subsp. porphyrocarpa. Frost sensitivity
varies with cultivars, and the soft-seeded culti-
vars are generally less frost-hardy than the hard-
seeded ones (Glozer and Ferguson, 2011).

Levin (2006) opined that Punica evolved
to have a xerophilic and cryophilic habit by the
process of convergent evolution, and the ad-
vanced species P. granatum acquired traits such
as thorns, xylopodium, vegetation mobility, etc.
in addition to the specialized fruit character that
the genus acquired at a very early stage of its
evolution. Although a wide diversity is observed
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Fig. 2.1. Different types of pomegranate: (a) Socotran pomegranate (Punica protopunica); (b) wild
pomegranate (P. granatum); (c) dwarf pomegranate (P. granatum var. nana); (d) commercial pomegranate
(P. granatum cv. Bhagwa); () ornamental pomegranate (P. granatum var. pleniflora). (Photos: (a) David
Eickhoff; (b, d) Teixeira da Silva et al., 2013 (Elsevier); (c) Diganta Narzary; and (e) Ali Sarkhosh.)
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among pomegranates at the infraspecific levels,
its further evolution beyond the species rank
might have been slowed down due to its higher-
level specialization, which occurred at a very fast
pace of initial evolution.

2.2.2 Distinguishing features of the
genus Punica

The genus Punica is close to Lythraceae in pol-
len morphology (Patel et al., 1984; Graham
et al.,, 1990), and wood anatomy, especially the
occurrence of intraxylary phloem (Bridgwater
and Baas, 1978; Graham et al., 1993). However,
some distinct features make Punica unique in the
order Myrtales. The salient features of Punica
are the ovules with thick, multilayered outer in-
tegument and unicellular archesporium (Huang
etal., 2002), the union of the ovary with the re-
ceptacle of the thalamus, the fruit with leathery
pericarp, and the pulpy seeds with edible sar-
cotesta and rolled seed cotyledons (Watson and
Dallwitz, 1992).

2.2.3 Centre of origin and distribution of
pomegranates

Pomegranate has been used and domesticated
by humans since time immemorial. There are
various speculative views on its origin and do-
mestication. According to Vavilov’'s Centre of
Origin, pomegranate belongs to the central
Middle East, which includes the interior of
Asia Minor, the Transcaucasus, Iran and the
highlands of Turkmenistan. Wild pomegran-
ates grow today in central Asia from Iran and
Turkmenistan to northern India. de Candolle
determined Persia (Iran) and its surroundings as
its origin (Goor and Lieberman, 1956). None the
less, Punica appears to be a relic of a much wider
Mediterranean distribution of clear Gondwanan
origin (Burmistrov, 1993), and the same is sup-
ported by the tropical origin of its ancestor P,
protopunica. The species P. granatum might have
evolved under natural selection and domestica-
tion, with the latter extending its range well be-
yond its native area.

The cultivation of pomegranate began
in prehistoric times and it is estimated that its

printed on 2/13/2023 12:34 PMvia .

domestication began some time in the Neolithic
era (Levin, 2006a; Still, 2006), initially in the
Transcaucasia-Caspian region and northern
Turkey (Zohary and Spiegel-Roy, 1975; Harlan,
1992). Evidence for the use of pomegranates in
the Middle East is dated at over 5000 years ago.
Pomegranate artefacts and relics dating to 3000
BcE onwards have been found in Egypt, Israel,
Armenia and Mesopotamia (Goor and Lieberman,
1956; Still, 2006; Stepanyan, 2007). Carbonized
fragments of pomegranate rinds dating from the
early Bronze Age have been found in Jericho and
Arad, Israel, in Nimrod, Lebanon, and in Egypt
(Still, 2006), as well as in Armenia (Stepanyan,
2007). The domestication process took place in-
dependently in various regions and not only in
the Mediterranean region. Pomegranate was
probably introduced to China from central Asia
or Europe during the Han dynasty (207 Bce) and
then naturalized in west China (Chandra et al.,
2010). It is now widely grown in many parts of
China and Indonesia (Morton, 1987).

It is speculated that pomegranate travelled
the Indian peninsula from Iran in about the 1st
century ct and was reported growing in Indonesia
in 1416. The Greeks and the successor empires
distributed the pomegranate all over Europe. This
tree appeared in Spain around 800 Bce thanks to
the Moors. Spanish sailors and missionaries took
the pomegranate from the Mediterranean region
to the New World soon after Cortez conquered
Mexico in 1521. In 1769, Spanish missionaries
introduced pomegranate trees into California, and
they now grow from the southern USA to Chile
and Argentina, probably reaching the highest
quality in the arid regions of California, Arizona
and northern Mexico (Goor and Lieberman,
1956; Morton, 1987).

Naturally growing (wild) pomegran-
ates are reported from the countries border-
ing the Mediterranean regions including Iran,
Afghanistan, India and Pakistan (Nasir and Ali,
1972; Muradoglu et al., 2006). In India, wild
pomegranate trees were reported in the warm
valleys and hill slopes of Himachal Pradesh,
Uttarakhand, and Jammu and Kashmir. The
pomegranate represents a classic example of do-
mestication of a wild fruit tree (Evreinoff, 1953).
Introduction into culture did not occur at any
one centre, but was a parallel process extending
over the whole wild range. As with central Asia,
other countries within the natural range, such
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as Afghanistan and Iran, have their own local
selections. Despite the intensive selective pres-
sure due to domestication, it is claimed that the
probable progenitor has a very similar appear-
ance to the domesticated form, with the latter
having larger seeds and fruits, non-dehiscent
fruits and seeds, and different seed or fruit colour
(Harlan, 1992; Teixeira da Silva et al., 2013).

The ability of pomegranate trees to adjust
to variable climatic conditions is reflected in the
wide distribution of the wild forms throughout
Eurasia to the Himalayas (Levin, 2006). It is
now widely cultivated in subtropical and tropi-
cal areas in many variable climatic conditions
in different countries, such as Algeria, Armenia,
Azerbaijan, Afghanistan, China, France, India,
Iran, Israel, Spain, Turkey, Tunisia, Morocco,
Greece, Japan, Cyprus and Egypt, indicating
its flexibility and adaptability to a wide range
of climatic and biogeographic conditions.
Commercial orchards of pomegranate trees are
now grown in the Mediterranean basin (North
Africa, Egypt, Israel, Syria, Lebanon, Turkey,
Greece, Cyprus, Italy, France, Spain, Portugal)
and Asia (Iran, Iraq, India, China, Afghanistan,
Bangladesh, Myanmar, Vietnam, Thailand),
and in the former Soviet Republics (Kazakhstan,
Turkmenistan, Tajikistan, Kirghistan, Armenia
and Georgia). In the New World, pomegranates
are grown in the USA and Chile. New orchards
are now established in South Africa, Australia,
Argentina and Brazil (Holland et al., 2009).

As an ancient and widespread fruit, pome-
granate cultivars were spread throughout differ-
ent regions and continents. Thus, some cultivar
names have considerable synonymy, in which
the same basic genotype is known by different
names in different regions. Synonymy is fur-
ther encouraged by the fact that husk and aril
colour can vary markedly when grown in differ-
ent regions. However, on several occasions these
names provide a clue to the origin of the cultivar.
For instance, the ‘Kabul’ or ‘Kandhari’ cultivar
in the Indian collections hints at their possible
origin in the Kabul and Qandahar regions of
Afghanistan. The same is true for ‘Afghansky’,
‘Washingtonsky’, ‘ITran 29-3" and ‘Kalifornijsky’
cultivars of the Turkmenistan collection (Levin,
1994). Furthermore, in Chinese the pomegran-
ate is referred to as An Shi Liu’, meaning ‘the
fruit of Kabul', which reflects its Afghanistan
origin (Holland et al., 2009).

A number of characteristics vary between
pomegranate genotypes (Stover and Mercure,
2007). Due to the ~13% outcrossing that oc-
curs in pomegranate (Jalikop and Kumar, 1990),
seedlings are not ‘true to type’, resulting in a
plant-to-plant variation, which may explain the
morphological changes that have occurred during
domestication. Pomegranate selections are made
on the basis of rind and aril colour, fruit size, sugar
and acid contents, resistance to biotic and abiotic
stresses, yield, keeping quality, seed hardiness, etc.
(Harlan, 1992; Holland et al., 2009).

2.2.4 Pomegranate germplasm
collection centres

More than 500 cultivars of pomegranate have
been named all over the world, indicating its ge-
netic diversity, from which only 50 are grown
commercially (Teixeira da Silva et al., 2013).
Since this practice has drastically reduced the ge-
netic diversity of modern cultivars, it is extreme-
ly important to conserve the gene pool of wild
forms and lesser-known cultivars to maintain
the genetic base for future crop improvement
programmes (Rana et al., 2007). International
groups focusing on collection and conservation
of pomegranate need to evaluate the germplasm
from around the world for sustainable develop-
ment and posterity (Mars, 2000; Fadavi et al.,
2006; Still, 2006; Zamani et al., 2007). Local
pomegranate germplasm collections have been
established in several Mediterranean countries,
including Spain, Morocco, Tunisia, Greece,
Turkey and Egypt (Mars, 2000). In order to
prevent duplication and accurately assess the
variation that exists in these collections, each
accession needs to be characterized not only in
terms of its morphological variation, but should
also include a genome-wide survey of the genet-
ic diversity (Still, 2006).

Germplasm collections from the wild,
semi-wild and cultivated forms from different
geographical regions are important to develop
a good repository for future breeding and im-
provement of pomegranates. The largest col-
lection, containing 1117 accessions, is in the
Garrygala Research Station in Turkmenistan
(Levin, 1996; Still, 2006; Holland et al., 2009).
This collection contains specimens collected
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from a geographical region that is a part of the
central Asian region considered as the origin
of pomegranate, as well as Transcaucasia and
other countries such as Spain, the USA, Iran,
Tajikistan and India. A collection of 370 ac-
cessions in the Nikita Botanical Gardens in
Ukraine includes accessions from central Asia,
Transcaucasia, Iran, Afghanistan, Spain, Italy
and the USA (Yezhov et al., 2005). Further im-
portant centres include the Iranian collections
in Tehran, Saveh, Yazd and Markazi (Fadavi
etal., 2006; Zamani et al., 2007), the Indian col-
lection and China’s collection. More than 700
accessions have been reported from the Yazd
pomegranate collection in Iran (Zamani et al.,
2007; Nemati et al., 2012).

Since wild pomegranates have been reported
to grow on the slopes of the Himalayas and most
of the reported evergreen pomegranate cultivars
originate from India (Singh et al., 2006), the
Indian collections might be interesting. The pres-
ence of wide genetic diversity among the wild
and cultivated Indian pomegranates has already
been reported (Ranade et al., 2009; Narzary et al.,
2010a, b). Three Indian collections of pomegran-
ate have been reported (Mars, 2000), one being
the highly diverse collection of 90 accessions in
the National Bureau of Plant Genetic Resources
Regional Station, Phagli, Shimla (Rana et al.,
2007). There are several reports available which
indicate that Chinese pomegranate germplasm
also possesses significant diversity (Feng et al.,
2006; Yang et al., 2007).

The US National Clonal Germplasm
Repository in Davis, CA has almost 200 pome-
granate accessions including accessions
from all over the world (Stover and Mercure,
2007). Smaller collections are held in Alata
Horticultural Research Institute, Cukurova
University Adana and Izmir in Turkey (Ozgiiven
et al, 1997; Ozgiiven and Yilmaz, 2000;
Holland et al., 2009), south-east regions of
Armenia (Stepanyan, 2007), Tunisia (Mars and
Marrakchi, 1999; Mars, 2000; Hasnaoui et al.,
2010), the Newe Ya'ar Research Center in Israel
and Thailand (Holland et al., 2009).

Some of the popular cultivars grown in
different biogeographic regions are: Wonderful,
Spanish Ruby, Early Wonderful, Granada and Early
Foothillin the USA; Mollar de Elche and Valenciana
in Spain; Achik-Dona, Kazake-Anar, Kai-Achik-
Anar and Kzyl-Anar in Uzbekistan; Bala-Miursel,
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Guilosha Pink, Kaim-Nar, Krmyzy-Kabukh, Nazik-
Kabukh and Shakh-Nar in Azerbaijan; Devedisi,
Kadi, Lefon, Misk, Zivzik, Cekirdeksiz and Hicaz
in Turkey; Kandhari and Bedana in Afghanistan;
Ganesh, Bhagua, Mridula, Bedana, Jalore, Jyothi,
Sindhuri and Arakhta in India; and Rabab, Malase
Saveh, Yousef-Khani, Malase Yazdi, Daneh-Siah,
Shisheh-Kap, Bajestani, Naderi and Ghojagh in
Iran (Mohseni, 2009; Varasteh et al., 2009).

2.3 Botany

2.3.1 Habitat

Pomegranate is primarily subtropical and
naturally adapted to regions with cool winters
and hot summers, except the Socotran pome-
granate, which is tropical and endemic to the
Socotra Island and found in moist woodland
at an altitude of 300-1200 m (Miller, 2004).
Pomegranate grows well in areas where winter
temperature is not less than —12°C, with long,
hot summers, and a warm dry even autumn
(Djavakyants, 2011). Naturally growing pome-
granates can be found at altitudes ranging from
300-1800 m above sea level on rocky mountain
slopes, on riverbank sands, and even on gravels
and alkaline soils, but generally not in marshy
place (Thakur et al., 2010; Djavakyants, 2011).
Pomegranate grows on different soils ranging
from sand and shingle to heavy clay, with the
exception of highly saline or very calcareous,
alkaline soils. It prefers slightly acidic soil (pH
5.5-6.5) and can tolerate up to pH 7.5. Even
though pomegranates have good drought resist-
ance, they will grow well in soils of high mois-
ture content (Burmistrov, 1993).

2.3.2 Habit

The Socotran pomegranate (P, protopunica) usual-
ly grows as a small tree attaining a height of 2.5—
4.5m. However, it may become prostrate when
growing in some upland, plateau regions (Miller,
2004). The dwarf pomegranate (P. nana) does not
exceed a height of 1.5 m (Holland et al., 2009) and
is widely used as an ornamental plant due to its
miniature habit (Stover and Mercure, 2007).
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The common pomegranate (P. granatum) is
a shrub or small tree of 3—10 m in height. A fully
grown wild tree may vary in appearance from
drooping to erect with a curved trunk, heavily
branched, more or less spiny, and may live long-
er than 100 years (Morton, 1987). It usually de-
velops only one stem or trunk in the beginning
when grown from a seed or vegetative cutting,
but naturally tends to develop multiple trunks,
owing to the suckers produced from the base of
the plant, and thus has a bushy or shrubby ap-
pearance in natural conditions (Levin, 2006a).

Wild pomegranates are usually deciduous
(Levin, 2006), and cultivated forms from tem-
perate regions are also deciduous, while those
grown in tropical regions may be evergreen or
deciduous depending on the cultivar type. Wild
Indian pomegranates lose their leaves in win-
ter, whereas leaf-shed is an adaptation to a drier
and more temperate climate (Burmistov, 1993).
Deciduous types are usually erect and produce
many suckers as compared with the evergreen
types (Jagtap et al., 1992).

2.3.3 Stem

The stem of a pomegranate tree when newly
grown is smooth, covered by a red-brown bark
that later becomes grey, and is often quadran-
gular at young stage. Branches are stiff, angular
and often spiny. Young branches, developed from
the vegetative growth of the recent year, are
numerous and thin. The colour of the bark in
young branches depends on the variety. In some
varieties, bark colour varies from pink to purple,
while in others it is light green with pink/purple
spots or stripes. Young branches sometimes have
thorns at their tips that are already visible in the
axils in the young bloom. Branches may grow as
short, medium or long shoots, and usually the
short- and medium-length shoots may develop
flower buds.

Upon maturation, the pink colour of the
bark starts to disappear, the bark becomes light
grey in the second year and darkens as the
branches matures (Goor and Lieberman, 1956).
In old trees, the bark tends to split, and detaches
from the trunk in certain cases. The wood colour
is light yellow. The stem and bark contain alka-
loids (Holland et al., 2009; Teixeira da Silva et al.,

2013; Smith, 2014; Erkan and Dogan, 2018). A
wood-like underground stem called a xylopo-
dium performing the function of vegetative re-
production and an accumulating organ is often
found in pomegranate, and is important for sur-
vival under extreme conditions (Levin, 2006).

2.3.4 Stem anatomy

Young stems are tetragonal, with four wings
that are soon lost. The bark is about 6 cm across,
dingy-grey and finely fissured (Burmistrov,
1993). Scattered secretory cells are found in the
cortex and pith (Fig. 2.2). It possesses cork cam-
bium which is initially deep-seated. Stem nodes
are unilacunar. Primary vascular tissues appear
in a cylinder, without separate bundles, and are
bicollateral. The phloem is internal, and corti-
cal or medullary bundles are absent. Secondary
thickening develops from a conventional cam-
bial ring. Primary medullary rays are narrow.
The wood is diffuse-porous. The vessels are very
to moderately small, solitary, radially paired and
appear in radial multiples. The vessels have ves-
tured pits and simple end-walls, but lack spiral
thickening. The axial xylem has libriform fibres,
including septate fibres, but lacks fibre tracheids
and spiral thickening. The parenchyma is scant-
ily paratracheal (or absent), and the secondary
phloem is not stratified. There is no ‘included’
phloem seen, and the wood is not storied.

The phloem of stem contains calcium oxa-
late druses (Lersten and Horner, 2005), and the
accumulation of druses in the phloem of the
pomegranate stem possibly provides protection
from bark-boring insects.

2.3.5 Leaf

Pomegranate leaves are deciduous, and are
arranged in alternate, opposite or suboppo-
site positions, often crowded on short lateral
shoots. The leaf is simple with short petiole,
and is exstipulate, glossy, entire, glabrous, eg-
landular, non-sheathing, pinnately veined,
cross-venulate, lanceolate, oblanceolate, ob-
long or sometimes obcordate. In P. protopunica,
leaves are circular or elliptic with an incision
at the top or are obtuse (Levin, 2006). The size
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Fig. 2.2. Stem anatomy of pomegranate (a) Bark with some dilated rays, sclereids scattered or
irregularly dispersed, crystal druses present, cell content in parenchyma cells, phloem uniform, phellem
homogeneous and distinct in polarized light. (b) Wood with diffuse-porous xylem, vessels arranged

in short radial multiples, fibres thin to very thick-walled, more than 20 rays per millimetre. Pith not
visible in polarized light, pith shape square, unlignified cells present, cell content present (dark staining
substances), prismatic crystals present, crystal druses present, vascular bundles not distinct, tracheary
elements of metaxylem in distinct radial rows. (c) Enlarged portion of (b) showing vessels (v), rays (r),
and fibres (thin- and thick-walled). (Photos: (a, b) Crivellaro and Schweingruber (2013) (Springer); (c)

Schweingruber et al. (2011) (Springer-Verlag).)

of the leaves varies from 2—11 cm in length and
1-3 cm in width. Upon maturation, the reddish
young leaves turn bright green, with the upper
face being darker, while the petiole maintains its
reddish colour (Holland et al., 2009; Fawole and
Opara, 2013a).

Pomegranate is heterophyllous, possessing
two types of leaves: obcordate (5 cm in length and
2cm in width) and lanceolate (11 cm in length
and 3 cm in width). Both the types bear the same
anatomical features but differ in the developmen-
tal aspects leading to their final shape. However,
they are distinguishable according to the dormant
buds on the basis of shape and especially the apex
(Rajaei and Yazdanpanah, 2015).
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2.3.6 Leaf anatomy

The leaf lamina is dorsiventral, and the epi-
dermis has crystal idioblasts containing large,
solitary crystals on the boundary between
palisade and spongy mesophyll, with secretory
substances (Holland et al., 2009). The stomata
are mainly confined to one surface (abaxial)
and are anomocytic. The leaves have minor
veins without phloem transfer cells and possess
druses in the midrib. Crystals do not occur in
the phloem or xylem of the midvein, but in the
surrounding midrib parenchyma cells. Early in
leaf development small prismatics occur in mid-
veins. Consequently, a greater number of druses
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appear. Prismatics originate in the subpalisade
layer parallel with the vascular bundles, and
expand in opposite directions, many of them ap-
pearing finally as massive crystalline pillars ex-
tending from upper to lower epidermis (Lersten
and Horner, 2005).

Pomegranate has an apical foliar nectary
gland. Each leaf bears a single apical nectary
consisting of a closely packed mass of densely
staining cells, surrounded by a layer of larger
cells that are more vacuolated. The epidermis at
the apex of the nectary bulges to form a bump
over a small chamber. The leaf apex has no
stomata or other specialized pores for nectar to
escape from, although separation of epidermal
cells and conspicuous ruptures may occur. The
midvein, together with two to four lateral bun-
dles, converge on the nectary, and while the
xylem stops before reaching the nectary, the
phloem curves about halfway around the nec-
tariferous tissue. Nectar droplets are composed
of roughly equal amounts of fructose, glucose
and sucrose (Turner and Lersten, 1983).

2.3.7 Buds

Buds of pomegranates are small (0.2cm),
brownish-green and turnip-shaped (Burmistrov,
1993). Levin (2006) reported larger-sized buds
located in the top part of brachiblasts (spurs) and
smaller-sized axile buds of vegetative sprouts.
However, Rajaei and Yazdanpanah (2015) re-
ported two types of ecodormant scaly buds in cv.
Rabbab-e-Neyriz —narrow buds with sharp scales,
and large bud with oval-shaped scales. Each bud
was reported to bear four scales, a pair of transi-
tion leaves and two types of primordial leaves.
Narrow buds were reported to develop only the
vegetative shoots, whereas large buds can develop
either reproductive or vegetative shoots.

2.3.8 Inflorescence

The inflorescence is a dichasial cyme bearing two
to seven flowers and is placed terminally or axil-
lary. Flowers are primarily borne subterminally, on
short lateral branches older than 1 year, although
some cultivars flower on spurs. Flowers can ap-
pear as solitary, in pairs or with a few in clusters.

The solitary flowers mostly appear on spurs along
the branches, and the clusters are terminal (Singh
etal., 1978;Josan et al., 1979b; Pal et al., 2014).

2.3.9 Flower and flower types

The pomegranate flowers are almost sessile
(P. protopunica with pedicels), actinomorphic,
bisexual, heterostylous and have a brightly
coloured hypanthium. Nectaries are locat-
ed between the stamens and the ovary base
(Fahan, 1976). Heterostyly is common in
pomegranates and thus the flowers may be
of hermaphrodite, staminate or intermediate
type, which is urcerate, campanulate and tu-
bular in shape (Fig. 2.3). The hermaphrodite
flowers in pomegranate may be either pin- or
thrum-type (Babu, 2010). The ratio of differ-
ent flowers varies among cultivars and season
to season (Martinez et al., 2000).

Hermaphrodite flowers are perfect flowers,
having well-formed female (stigma, style, ovary)
and male (filaments and anthers) parts and have
been referred to as ‘fertile,’ ‘vase-shaped’ and ‘bisex-
ual’ flowers. Because the hermaphroditic flowers are
the type that set fruit, they are commonly referred
to as ‘female’ flowers, albeit with some inaccuracy
(Wetzstein et al., 2011b). They are long-styled,
have urceolate (pitcher-like) calyx and a larger,
well-developed ovary (Fig. 2.4a—f). Their stigma
is at the anthers’ height or emerging above them,
thus allowing self-pollination as well as pollination
by insects. The intermediate type of flowers bears a
shorter style and tubular calyx (Babu, 2010), opens
7-8 days later than the hermaphrodite flowers and
leads to underdeveloped fruits (Burmistrov, 1993).

Staminate flowers are smaller, with a
campanulate (bell-shaped) calyx, have poorly
developed or no pistil with atrophied ovaries
(Fig. 2.4g-1). Thus, their role is more accurately
depicted as functionally male flowers (i.e. flow-
ers are not strictly male), but with degenerated
female parts (Wetzstein et al., 2011b). Male flow-
ers typically drop and fail to set fruit (Shulman
et al., 1984; Holland et al., 2009).

2.3.10 Calyx

The calyx is tubular, persistent, fleshy and val-
vate. It consists of five to eight sepals, fused in
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Fig. 2.3. Types of flowers in pomegranate tree. Bell-shaped male flower (left), and vase-shaped bisexual

flower (right). (Photos: Ali Sarkhosh.)

their base, which form a red vase shape. Upon
fruit set, the sepals will not drop and stay as an
integral part of the fruit as it matures to gen-
erate a fruit crowned with a prominent calyx
(Babu, 2010).

2.3.11 Corolla

The corolla is polypetalous, imbricate, with five
to eight petals, clawed to sessile; colour usu-
ally ranges from pink-orange to orange-red, al-
though other petal colours like white, creamy
or variegated are also found in ornamental
types. Petals are obovate, slightly wrinkled and
inserted between the shorter calyx lobes. The
number of petals usually equals the numbers of
sepals, except in the ornamental ‘Double Fower’
cultivar, which bears an unusually high petal
number due to modification of stamens into
petals (Holland et al., 2009). Furthermore, after
opening of a flower, petals persist for about 6-7
days in the case of ornamental cultivars (Babu,
2010) compared with only 1-3 days in the case
of other pomegranates.
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2.3.12 Androecium

Stamens are numerous (100-300 or more), at-
tached to the androphore and are arranged in
five or six circles (three or four circles in P. pro-
topunica) (Levin, 2006). The filaments are free,
filiform, about 1 cm long and red in colour, while
the anthers are dorsifixed, versatile, bilocu-
lar, elliptical in shape, yellowish in colour, tet-
rasporangiate and dehisce via longitudinal slits
(Fig. 2.5a—¢). The endothecium develops fibrous
thickenings. The pollen grains are numerous
and shed as single grains.

Pollen grains of pomegranate are apertu-
rate, colporate and two-celled. Erdtman (1971)
first studied the pollen morphology under light
microscope, and reported that pollen grains
were prolate (26 X18pum) in equatorial view
with three colpi. Subsequently, a pollen study on
Iranian pomegranate cultivars under the scan-
ning electron microscope (SEM) reported prolate
(elliptical) pollen morphology having differences
in exine pattern with foveolate ornamentation
(Varasteh and Arzani, 2009). Yang et al. (2015)
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Bisexual flower

Male flower

Fig. 2.4. Comparison of ovule development between bisexual and male flowers. Bisexual flower (a—f):
(a) flower with a long pistil; (b, c) well developed numerous ovules; (d, €) (enlarged) — sectional view of
ovules; (f) functional ovules with smooth outer surface and micropylar opening near funicule scar viewed
under scanning electron microscope. ov — ovule, pl — placenta, f — funiculus, oi — outer integument,

m — micropyle, n — nucellus, ¢ — chalaza, es — embryo sac. Male flower (g-): (g) flower with short pistil;
(h, i) ovule degeneration; (j, k) (enlarged) — sectional view of degenerate ovules; () underdeveloped

and collapsed ovules viewed under scanning electron microscope. Scale: d, f, j, I=100pum; e=50pum;
k=25pm. (Photos: Wetzstein et al., 2011b, American Society for Horticultural Science.)

gave a more detailed account of pollen morphol-
ogy of Chinese pomegranate cultivars where
pollen grains were reported to be tricolpi mon-
ads that were rounded or triangular in polar
view, and prolate (P/E <2) or perprolate spheroid
in equatorial view. Further, the polar axis varied
from 22.75-31.50pum in length, and the equa-
torial axis (E) varied from 12.75-17.75 um. The
membrane form of the aperture hole was with
or without evagination, and exine ornamenta-
tion was psilate verrucate to micromesh verru-
cate to scabrate verrucate.

2.3.13 Gynoecium

The gynoecium is syncarpous and the number
of carpels (polysperm cavities) is usually eight,

but varies among cultivars. The carpels are su-
perimposed in two whorls, usually five on top
and three underneath forming a syncarpic ovary
(Babu, 2010). The ovary is multilocular, inferior
with axile placentation (in P, protopunica) or axile
and parietal (in P. granatum). Differential growth
of carpels in P. granatum superposes them in two
or three layers with axile (the lower) or ostensi-
bly parietal (the upper) placentation, and a pe-
culiar type of fruit is formed, which is termed as
a ‘balusta’, a very distinctive character of Punica
(Nath and Randhawa, 1959).

The stigma is discoid, capitates, papillate
and covered with copious exudates (Fig. 2.5f-k).
The style is thin with a stylopodium at the base
(P protopunica is without a stylopodium) and
lengths may vary from flower to flower. Ovules
are numerous, 20-50 per locule, thick, elliptical,
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Fig. 2.5. Male reproductive structure and pollen germination events in pomegranates: (a) Longitudinal
section view of a bisexual flower showing a centrally located carpel surrounded by numerous stamens;
(b) stamen with dehiscing pollens; (c) pollen under light microscope; (d) pollen shape (3000x) under
scanning electron microscope; () exine pattern of a pollen (20,000x) under scanning electron
microscope; (f) stigma and style; (g) disc-shaped stigma with elongated papillary cells; (h) germinating
pollens over stigmatic papillae; (i) longitudinal fracture of stigma and style; (j) cross-section of the style
of an unpollinated flower showing vascular strands and stylar canal, (k) cross-section of the style of a
pollinated flower showing massive growth of pollen tubes within the stylar canal. a — anther, pg — pollen
grains, p - pore, pc — papillary cells, pt — pollen tube, st — stigma, sy — style, sc - stylar canal. Scale:

(b, f, i) 200 um; (c) 5um; (g, h) 50 um; (j, k) 100 um. (Photos: (a—c, f-k) Wetzstein et al., 2011b (American
Society for Horticultural Science); (d, e) Varasteh and Arzani, 2009 (Springer).)

anatropous, bitegmic and crassinucellate; the out-
er integument is multilayered contributing to the
micropyle, and the archesporium is unicellular.

2.3.14 Pollination and pollinators

Both self- and cross-pollination occurs in pome-
granate (Gammie and Patwardhan, 1929; Nath
and Randhawa, 1959; Nalawadi et al., 1973;
Morton, 1987; Jalikop and Kumar, 1990; Karale
et al., 1993). Cross-pollination in pomegran-
ate is due to protogyny. Insects, mainly black
ants (Camponotus sp.), honey bees (Apis sp.) and
lemon butterfly (Papilio demoleus Linn.) or hum-
mingbirds are reported as principal pollinators

printed on 2/13/2023 12:34 PMvia .

(Nath and Randhawa, 1959; Morton, 1987;
Melgarejo et al., 2000b). Furthermore, beetles
belonging to the genera Cetonia and Trichodes are
reported to affect both cross- and self-pollination
in pomegranate (McGregor, 1976). Wind pol-
lination (anemophily) is also reported to occur,
though infrequently, as indicated by the quite
low concentration of pollen grains in the atmos-
phere (Morton, 1987).

2.3.15 Pollen germination and
fertilization

Pollen receipt on the stigmatic surface initi-
ates a series of pollination events leading to
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fertilization (Wetzstein et al., 2011b). After
pollination, pollen tubes reach the base of
stigmas within 24h of pollen germination.
Pollen growth through the style is within a
central stylar canal that can accommodate
the growth of hundreds of pollen tubes. Pollen
tubes reach the ovules, and sperm cells enter
via the micropyle and fertilization occurs. The
fertility of pollen grains produced by hermaph-
rodite and male flowers differs by 6-20% and
14-28%, respectively. Both size and fertility of
pollen grains vary with the cultivar and season
(Morton, 1987). Each aril (seed) is the result of
an independent fertilization event.

2.3.16  Fruit

The fruit of pomegranate is a non-climacteric
and indehiscent berry with two or three lay-
ers of locules and a leathery rind representing
the hypanthium. The fruit is globose or some-
what flattened at the top, 5-12 cm in diameter
and weighing 200-650g, sometimes more.
It is crowned by the thick tubular prominent
calyx, which is maintained to maturity and
forms a distinctive feature of the pomegran-
ate fruit. Depending on the variety, the apex
of the crown is almost closed to widely open.
Typically, the fruits ripen 5-8 months after
flowering, depending on the variety and pre-
vailing temperature (Morton, 1987; Kader,
2006; Holland et al., 2009).

The fruit is coriaceous and woody (Holland
etal., 2009). It has a spongy mesocarp (albedo)
and is divided by a horizontal diaphragm and
vertical septal membranes made up of ined-
ible papery tissue into several chambers that
are organized in a non-symmetrical way. The
lower part of the fruit usually contains two or
three chambers, while the upper part has six to
nine chambers. Each chamber is filled by many
seeds, which are crowded on thick, spongy
placentae.

2.3.17 Rind

Pomegranate fruit has a smooth pericarp also
known as rind or husk, and is connected to the
tree with a short stalk. The rind (peel) is tough,

thick and pliable. It comprises three parts: (i)
the exocarp, which provides a cuticle layer and
fibrous mat, (ii) the mesocarp (also known as
the albedo) is the spongy tissue, and (iii) the
endocarp or inner fruit wall. At some parts it is
protuberant (verrucous) where placenta or the
arils get attached. Sepal membranes are the ex-
tensions of the endocarp in the form of papery
tissue that further compartmentalizes groups of
arils (Stover and Mercure, 2007).

The peel colour of the fruit varies from
green, pink, reddish, to dark red, with some cul-
tivars having an external black colour. There
are some exceptional cultivars with black skin
from the early fruit development that remains
black until ripening time (Babu, 2010). The peel
thickness varies from 1.5-4.24 mm depending
on genotype, and cultural practices (Erkan and
Dogan, 2018). Anatomically the rind (pericarp)
bears a cuticle layer on the outer surface of
pomegranate fruits followed by epidermal cells
organized by one layer immediately underneath
the cuticle (exocarp). The epidermis forms the
outermost cell layer on the structure of pome-
granate fruit peel. Lens-shaped lenticels, which
function as stomata, are found on the peel of the
pomegranate fruit and are evenly distributed on
the epidermis. Parenchyma cells in the peel of
the pomegranate are in the isodiametric shape,
and vascular bundles and sclerenchyma cells are
located between parenchyma cells. Protective
sclerenchyma cells are densely distributed in the
peel of fruit (Yazici et al., 2011).

2.3.18 Seeds and arils

The seeds are non-endospermic, prismatic in
shape, with pulpy testa and woody tegmen.
Groups of seeds are compartmentalized by the
white septal membrane but do not attach to it.
Sarcotesta (the outer layer of testa) is well de-
veloped in P. granatum, whereas it is less devel-
oped in the case of P. protopunica. The sarcotesta
in pomegranate cannot be called a true ‘aril’
although the latter is frequently used in the
literature. It develops entirely from the outer
epidermal cells of the seed and elongates to a
very large extent in a radial direction. A turgor
pressure developed by the sap of these cells pre-
serves their characteristic external shape. The
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Fig. 2.6. Fruit and seeds of pomegranate: (a) fruit with persistent calyx and numerous seeds inside;
(b) seeds with edible arils; (c) diagrammatic view of seed and aril; (d) aril section showing a single layer
of giant tubular cells and seed (black); (e) seeds separated from edible arils. (Photos: (a, c) Porter and
Wetzstein, 2014; (b, e) Ali Sarkhosh; (d) Wetzstein et al., 2015 (Acta Horticulturae).)

sarcotesta (aril) consists of a single layer of giant
tubular cells that radiate outward from the sur-
face of a centrally located seed (Cui et al., 2004;
Wetzstein et al., 2011a) (Fig. 2.6). Juice cells are
tightly packed, polygonal in cross-section and
have a thick-walled outer cell surface that is cov-
ered by a cuticle.

The colour of the edible juicy arils can
range from virtually colourless to deep red, de-
pending on the variety. The arils account for
about 55-60% of the total fruit weight, contain-
ing 80% juice and 20% seeds (Erkan and Kader,
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2011), although these also depend on the culti-
var and growing conditions. The size and taste
of arils and hardness of seeds vary among dif-
ferent cultivars. Seed softness is attributed to its
content of sclerenchyma tissue. Varieties known
as seedless contain seeds that are soft. In general,
the wild genotypes have lower aril ratios as well
as higher seed hardness and toughness (Al-Said
etal., 2009). The number of locules and arils per
fruit varies, but may be as high as 1300 (Stover
and Mercure, 2007).
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No correlation exists between the colours of
the fruit’s outer skin and the arils, which could
be similar or different depending on the variety
or cultivar. The external skin colour neither in-
dicates the extent of ripening of the fruit, nor
its readiness for consumption. The fruit can at-
tain its final colour long before arils are fully rip-
ened. Cultivars are categorized as sweet, sweet/
sour or sour depending on acidity levels (Levin,
2006; Holland et al., 2009; Teixeira da Silva
etal., 2013; Erkan and Dogan, 2018). The sugar
content of wild pomegranate is comparable with
that of the cultivated types, but the sourer taste
in the former is due to higher (sometimes dou-
ble) acid content (Burmistrov, 1993).

2.3.19 Embryo

The embryo in pomegranate is well differenti-
ated (oily), large, spirally rolled, achlorophyllous
and straight, has two cotyledons and germinate
phanerocotylar (Watson and Dallwitz, 1992).

2.3.20 Root

The root system of pomegranate is flexible and
roots are seen growing vertically and horizon-
tally in matured trees. The vertically growing
roots may reach a depth of 170-180cm after
4—6 years, while the surface roots may extend
beyond the canopy limits, which often helps in
anchoring to rocky mountain slopes and soils
in natural habitats (Burmistrov, 1993); Rathore
et al., 2013). In contrast, the root distribution
in pomegranates propagated by stem cutting
is shallow, often penetrating less than 60cm
and rarely above 90 cm into the soil, although
it also depends on the soil and environmental
conditions and cultural practices (Hiwale et al.,
2011). Rathore et al. (2013) reported higher
feeder root densities post rainy season compared
with spring.

2.3.21 Cytology

The basic chromosome number in Punica is
x=7, and the diploid chromosome numbers

recorded in P. protopunica and P. granatum are
2n = 14 and 2n = 16, respectively (Sheidai and
Noormohammadi, 2005). Pomegranates bear
small chromosomes varying significantly in size.
Different pomegranate cultivars exhibit differ-
ences in chromosome size and morphology, and
the occurrence of n = 8 in the case of P, granatum
is a factor of advancement from an evolutionary
point of view (Levin, 2006a). The diploid chro-
mosome of P. granatum (2n = 16) is reported to
carry 1.4pg of DNA containing 1412 M base
pairs (Ohri, 2002; Bennett and Leitch, 2005).

Among pomegranate cultivars diploid chro-
mosome numbers 2n = 16 and 18 have been
reported. Nath and Randhawa (1959) reported
2n = 16 in Indian cultivars ‘Dholka’, ‘Ganesh’,
‘Kandhari’, ‘Muskat White’ and ‘Patiala’, but
2n = 18 in ornamental cultivar ‘Double Flower’.
Accordingly, Raman et al. (1971) reported 2n =
18 in ‘Vellodu’ and some Kashmiri varieties with
one or two quadrivalent associations at meiosis
stage. A tetraploid plant with 2n = 32 was ob-
tained from the cultivar GB-1 (2n = 16) by air-
layering (IBPGR, 1986) where the flowers and
fruit of the plant exceeded the size of the original
form, while the pollen sterility reached 85.4% as
compared with only 7.4% in diploid plants (Das
and Sur, 1968). A tetraploid pomegranate ob-
tained in vitro from the dwarf variety ‘Nana’ had
shorter roots, wider but shorter leaves. It grew
and flowered normally in pots and produced
more pollen grains per anther but the viability
of pollen was significantly less than that of the
diploid form (Shao et al., 2003).

Iranian pomegranate cultivars have mostly
bivalent chromosomes along with a low number
of quadrivalents (Sheidai and Noormohammadi,
2005). In addition, a significant variation in
meiotic characteristics such as chiasma fre-
quency, chromosome pairing and segregation
was detected among cultivars, which was attrib-
uted to their genomic differences. Furthermore,
some of the cultivars possess B-chromosomes
(also called accessory or supernumerary chro-
mosomes), which can significantly modulate
the meiotic characteristics, while some cultivars
could produce unreduced gametes. The presence
of up to five B-chromosomes that were smaller
than A-chromosomes, not paired among them-
selves or with A-chromosomes, was reported in
23 out of 50 studied Iranian cultivars (Sheidai,
2007). A significant increase or decrease in the
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number of chiasmata was also reported in case
of cultivars containing B-chromosomes with a
change in genetic recombination. The differenc-
es in karyotypes among the pomegranates can
be useful for resolving issues related to their evo-
lution, phylogeny and intraspecific variations
(Holland et al., 2009).

2.4 Juvenility, Phenology and

Reproductive Biology

241 Juvenile period

Pomegranate has a characteristically short ju-
venile period of 1-2 years, which is independ-
ent of seedling or cutting propagation (Babu,
2010). When grown from seeds, a small propor-
tion of pomegranate seedlings, even in dwarf
cultivar ‘Nana’, develop flowers in their first
year of growth but will bear fruits in their sec-
ond year (Terakami et al., 2007; Holland et al.,
2009). Although the first-year fruits are usually
smaller, the fruit colour characteristics of young
plants are similar to those of mature trees. Most
seedlings will flower and bear fruit from their
second or third year of growth (Glozer and
Ferguson, 2011). In pomegranates, the time re-
quired for young plants to get established from
seeds (juvenile) to flower is similar to that of
those established from cuttings of mature plants
(Holland et al., 2009).

24.2 Phenology

The pomegranate tree shows different pheno-
logical characteristics through its vegetative
cycle in response to changing temperature.
Melgarejo et al. (1997) reported 13 phenologi-
cal stages, namely bud in winter dormancy (A),
bud swelling (B), red tip (C), leaf sprouting and
development (D, D2, D3, D4), flower bud sprout-
ing and development (E, E2, E3), open flower (F),
petals fall (G), fruit setting (H), young fruit (I),
fruit growth (J), second bud sprouting (K), fruit
ripening (L) and leaf fall (M), during the annual
cycle of a common pomegranate variety ‘Mollar
de Elche’ grown in Spain (Table 2.1.). However,
the phenological pattern of pomegranates may
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vary from cultivar to cultivar, and also based on
phytogeographical conditions. For example, the
time required for completion of flower bud devel-
opment in Indian cultivars is between 20 and 27
days (Nalawadi et al., 1973; Josan et al., 1979b)
in contrast to 17 days (E+E2 + E3) in the case
of the Spanish variety (Melgarejo et al., 1997).

2.4.3 Reproductive biology

Naturally growing pomegranates reproduce
and propagate by seed in the wild (Burmistrov,
1993), as the sexual reproduction in pomegran-
ate is robust and mature seeds are viable and
germinate easily. Pomegranate trees generally
produce multiple suckers that sprout from the
stem either underground or aboveground and
traditionally suckers were used for propagation.
Pomegranates are very easy to root from cut-
tings, and this is the major method for pome-
granate propagation in horticulture. Orchard
establishment can be done by directly planting
the cuttings in the soil or by planting potted
nursery trees. The latter method sometimes is
preferred because it assures a better uniform-
ity and successful establishing of the trees. To
achieve the desirable traits of the mother plant,
vegetative propagation is recommended as the
plants raised from seeds may differ from their
parents due to cross-pollination.

244 Flowering habit

The flowering habit of pomegranate is influenced
by the climatic condition of the region where it is
grown. In a tropical climate, pomegranates flower
almost throughout the year, but in the subtropics,
flowering occurs over a shorter period of the year
in late spring (Stover and Mercure, 2007). In the
northern hemisphere, flowering occurs in April—
May but may continue throughout the summer,
particularly in the case of young trees. Although
such flowers are fertile, in Mediterranean cli-
matic conditions the fruits of later flowers do not
mature properly as the plants enter the cooler
season and the dormancy period. Flowering oc-
curs about 1 month after bud break on newly
developed branches of the same year, mostly on
spurs or short branches (Holland et al., 2009).
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Table 2.1. Phenological stages of pomegranate (reproduced from Melgarejo et al., 1997).

Growth stage Duration days Development Fleckinger code BBCH code

Bud in winter
dormancy

Bud swelling

Red tip

Sprouting of first
leaves

Leaf separation

Leaf growth

Lengthening of
internodes

Appearance of
the flower buds

Swollen calyx

Opening of calyx

Open flower

Petals fall

61

11

119

11

Bud greyish brown, completely
closed, deeply linked to the twig
and sharply pointed at its tip

Bud swells, becomes paler and
rounder in shape

Bud opens; new shoot comes up
with spear shaped and red tip

First leaves appear; leaves furled
and bright red with a pale midrib
green

New leaves separate

Leaves grow in length and width;
colour changes from bright red to
light green

Rapid shoot growth; internodes
lengthen

Greenish flower buds appear on
shoots, buds become red after a
few days; sepals visible and close
together

Buds increase in size, become
pear-shaped; differences between
male and hermaphrodite flowers
become apparent in the shape
and the colour of the calyx;
terminal branches bud together
with several flowers usually
abscises

Sepals open, folded red petals
appear inside; petals unfold and
the pistil anthers become visible at
later stage

Calyx and petals open totally,
petals unfold over the sepals.
Anthers of the stamen change to
deep yellow when the pollen is
ripe. Pollination takes place

Petals wither and fall; the calyx
turns colour from red to orange-
red; stamens bend towards the
longitudinal axis of the flower
and the anthers become greyish-
yellow. The terminal part of the
style withers

A

D2
D3

D4

E2

E3

F

G

00

01

09

10

10
11

31

51

55

59

61

67
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Table 2.1. Continued

Growth stage Duration days  Development

Fleckinger code BBCH code

Fruit setting 10

The fertilized ovary grows in size H 69

and the base of the calyx swells;
the stamens wither and the fruit
slam changes from orange-red to

greenish brown

Young fruit 17

The fruit increases in size rapidly | 71

and the colour turns from greenish

brown to green

Fruit growth 90

The fruit enlarges almost to its J 73

final size through cell enlargement;
the sepals form a crown, the dry
stamen being inside

Second bud 45

sprouting the tree

Fruit ripening 35

The fleshy seeds change from L

Resumption of shoot growth on K 39

81, 85

white to pinkish-red or red; the
skin of the fruit changes from
green to greenish yellow, and
finally to brownish-yellow with
reddish patches (according to

cultivar)
Leaf fall 57

Leaves turn yellowish, and fall; M 93

and when complete, winter

dormancy starts

Punica protopunica flowers and fruits appear from
December to January and throughout the sum-
mer, and it bears smaller and less palatable fruits
than P, granatum (Rana et al., 2010).

Some pomegranate cultivars flower three
times a year (Shulman et al., 1984; Mars, 2000).
Pomegranate flowers in spring in north India,
but in central and south India, it flowers almost
throughout the year. In evergreen cultivars grown
in subtropical central and western India, there are
three distinct flowering seasons, namely ambe bahar
(January—February flowering), mrig bahar (June—
July flowering) and hasth bahar (September—October
flowering). The flowering is more profuse and yield
is higher in ambe bahar compared with other flower-
ing seasons (Ranpise et al., 2014). Spring flowering
gives fruits in summer. In evergreen cultivars, floral
buds of spring flush are borne on mature wood of
the 1-year-old shoot, whereas the flowers that ap-
pear during July—August are borne on the current
year’s growth. In deciduous cultivars, the flowers
are borne on the current season’s growth between
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July and August as well as some flower buds during
June on spurs developed on older shoots.

Varieties vary with respect to their flower-
ing season. Under Delhi conditions, ‘Dholka’,
‘Kandhari’, ‘Muscat White’ and ‘Patiala’ flower
only once a year; ‘G.B.1’ and ‘Japanese Dwarf’
flower twice and ‘Double Flower’ blooms three
times a year (Nath and Randhawa, 1959). In
‘Tapanese Dwarf’, vegetative growth and flower
initiation takes place simultaneously.

In subtropical climates of the northern
hemisphere, flowering occurs from the end of
March till the middle of May (Singh et al., 1978).
In the Central Valley of California, pomegranate
blooms from early May to November, with most
flowering from mid-May to early June (Stover
and Mercure, 2007).

Wild pomegranate flowers from the mid-
dle of April to the end of May in the temper-
ate climate of Himachal Pradesh, Jammu and
Kashmir, and Uttarakhand, and two off-season
blooms of much less intensity also appear during
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July and November (Parmar and Kaushal, 1982;
Rana et al., 2003 ).

2.4.5 Sex ratio

There are three conditions of sex generally pre-
sent in pomegranate, namely, male, hermaph-
rodite (bisexual, sometimes said to be female)
and intermediate (Nath and Randhawa, 1959;
Nalawadi et al., 1973; Singh et al., 1978; Josan
et al, 1979a; Parmar and Kaushal, 1982;
Shulman et al., 1984). Flower development can
follow a path of either male or bisexual flower-
ing. Since only bisexual flowers are capable of
producing fruit, higher ratios of female:male
flower types will promote higher production.
Female flowers are vase-shaped and fertile with
anormal ovary capable of developing fruits. The
male flowers are bell-shaped and drop without
fruit set (Wetzstein et al., 2011b). The interme-
diate flowers are tubular in shape with a short
style sometimes developing a fertile ovary lead-
ing to fruit set (Goor and Lieberman, 1956;
Nalawadi et al., 1973; Assaf et al., 1991). If fruit
set takes place in such flowers they may drop be-
fore maturity, even if some fruits that reach ma-
turity become misshaped. Therefore, cultivars
with a higher vase-to-bell shape ratio will have
a higher fruit yield potential.

The number of vase-shaped flowers deter-
mines the fruit set capacity and shows a positive
correlation with the bearing capacity (El Sese,
1988; Chaudhari and Desai, 1993). The total
number of flowers and the ratio of bisexual to
male flowers also vary with season, plant age,
position within the plant and the environment.
The percentage of vase-shaped flowers was re-
corded as 43-66% among the Israeli cultivars
(Assaf et al., 1991), 78-86% in the Turkish
‘Hicaznar’ cultivar (Gozlekci and Kaynak, 2000)
and 53-80% among the local Indian cultivars
(Nalawadi et al., 1973).

The ability to manipulate the relative ra-
tio of flower types to the environmental con-
ditions can be very advantageous. Due to the
high costs associated with developing female
flowers, repression of such flowers under poor
environmental conditions may help conserve
limited resources that would not permit high
fruit/seed yield. This repression is proposed as

a mechanism to optimize the allocation of re-
sources to male and female function (Bertin,
1982). Furthermore, pollen spread and cross-
pollination increase when the number of
male flowers is greater, and thus can be a way
to spread genes (Herlihy and Eckert, 2002;
Tanurdzic and Banks, 2004). However, it is not
clear how seasonal changes and genotypic dif-
ferences affect sex expression in pomegranates
(Wetzstein et al., 2015).

2.4.6 Andromonoecy and heterostyly

Pomegranate flowers exhibit heterostyly. Three
kinds of flowers with different pistil lengths
are found in pomegranate. The pistil is pin type
(longer or equal to the length of stamens) in
hermaphrodite flowers, and thrum type (shorter
than stamens) in intermediate flowers, but rudi-
mentary in staminate flowers (Babu, 2010).

In pomegranates, andromonoecy, where
both bisexual and male flowers are found on the
same plant, is common (Wetzstein et al., 2011Db).
Bisexual flowers contain a discoid stigma covered
with copious exudate, elongated stigmatic papil-
lae and a single elongated style through which
pollen tubes grow towards the ovules (Fig. 2.5).
In contrast, male flowers possess short pistils de-
void of a well-developed stylar canal and ovules
(Fig. 2.4g-1), and thus fruit set is unsuccessful.

24.7 Petaloidy and self-sterility

Ornamental pomegranate cultivars have a high-
er number of petals due to petaloidy wherein the
stamens are modified into petals. Petaloidy leads
to functional male sterility and flowers that are
incapable of setting fruits (Babu, 2010).

2.4.8 Anthesis and pollen viability

Anthesis in pomegranate flowers is completed
within 3-5h (Josan et al., 1979b). As an early
indicator of floral bud unfolding, some cracks
appear at the apex of the bud. Consequently,
the sepals separate gradually so that the crum-
pled scarlet petals become exposed and start to
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bulge out. The bulging petals force the sepals
to grow from an incurved to straight form and
finally reach a slightly outcurved form. The co-
rolla opens within 3—4 h upon full bloom and
stretches from its inflated and crumpled stage
(Babu, 2010).

As a vital phenomenon, pollen viability
decides fruit set. While pollen germination in
pomegranate is reported to be strongly influ-
enced by temperature, both flower types pro-
duce pollen grains with a similar size of ~20um
(Evreinoff, 1957). Maximum pollen germina-
tion is recorded at 25-35°C (greater than 74%),
which reduces significantly at 15°C (58%) and
5°C (10%). With respect to fertility, however,
pollens produced from hermaphrodite flowers
outcompete those produced by male flowers
(Nath and Randhawa, 1959). The size and fertil-
ity of pollen grains vary with cultivar and sea-
son (Morton, 1987).

249 Dehiscence

The time of dehiscence of anther varies in dif-
ferent cultivars, and no general sequence was
found at the time of anthesis. Generally, it begins
with the opening of the flowers, but sometimes
is delayed by 2—-3h. In most varieties, dehis-
cence starts after the flowers are in full bloom.
In ‘Patiala’ cultivar, dehiscence starts prior to
anthesis, whereas in ‘Muskat White’, it starts
afterwards. Dehiscence is also affected by tem-
perature and atmospheric humidity (Nath and
Randhawa, 1959; Josan et al., 1979a; Mir et al.,
2012; Fawole and Opara, 2013b).

2.4.10 Impact of pollination on fruit set

As the pomegranate is both self- and cross-
pollinated, its pollination may be affected by
cultural and environmental factors. Cross-
pollinations result in higher fruit set in pome-
granates than self-pollination (Nath and
Randhawa, 1959; Levin, 1978; Jayesh and
Kumar, 2004; Derin and Eti, 2001; Mir et al.,
2012). Therefore, co-cultivation of at least
two different cultivars in an orchard is recom-
mended in order to encourage cross-pollination
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and higher fruit set (Derin and Eti, 2001;
Vazifeshenas et al., 2015).

24.11 Stigma receptivity
Pomegranate flowers are receptive to and capa-
ble of setting fruit before petals are fully open.
Reproductive function reduces with flower age,
which can be due to stigma degradation, a de-
cline in production of stigmatic exudate and
loss of ovule longevity. Thus, the time a flower
is functional for may be an important determi-
nant of reproductive success (Steinacher and
Wagner, 2010).

In pomegranate, the stigma attains matu-
rity 1 day prior to anthesis. The receptivity is
maintained until the second day after anthesis
but gradually decreases throughout the next
day and abruptly becomes non-receptive after-
wards (Nath and Randhawa, 1959). Other stud-
ies have reported stigma receptivity lasting for 5
days (Josan et al., 1979a) or 2—3 days (Melgarejo
et al., 2000a).

2.4.12 Flower vigour

The position of pomegranate flowers and their
type is reported to affect their size character-
istics as well as ovule development (Wetzstein
et al., 2013). Single flowers, as well as those po-
sitioned terminally within a cluster, are shown
to be significantly larger than the lateral flowers.
Furthermore, more flowers with poor ovule de-
velopment were recorded among lateral flowers,
which may negatively affect fruiting and yield.
Pomegranate fruit size is highly correlated
with the number of arils per fruit. This implies
that crop strategies directed towards increasing
aril number would lead to larger fruits. Each
pomegranate flower contains a remarkable
number of ovules, which may exceed 3000 in
some flowers. Large flowers consistently ex-
hibit high numbers of ovules (2032—-2090 per
flower), whereas small flowers not only possess
fewer ovules, but also present greater variability
in their number (<1950 per flower), with some
having no well-developed ovule (Wetzstein et al.,
2011Db). Apart from the factors related to ovules,
other pistil-related characteristics, such as those
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differentiating bisexual and male flowers, may
also affect flower vigour. Typically, bisexual flow-
ers produce ample amounts of stigmatic and
stylar exudate for pollen capture, hydration and
tube growth within the stylar canal. In male
flowers, however, the stigmatic exudate produc-
tion is limited. In this respect, although pollen
grains can germinate in male flowers, pollen
tubes lack directional growth and extension into
the style. Considering vigour in female flowers
spanning from large flowers with high vigour to
intermediate types with repressed pistil develop-
ment, stigmatic secretory development and the
ability of styles to support a high number of pol-
len tubes may limit reproductive capability, espe-
cially in weak female flowers.

Adequate pollination of highly receptive
flowers promotes high fertilization rates and
high fruit set. Subsequent embryo development,
filling of juice cells, and the development of
colour and ingredients leads to the production
of large, high-quality fruits (Wetzstein et al.,
2015). Fruit size and weight are highly correlat-
ed with the aril number and mass. Limitations
in determination of fruit size may reflect repro-
ductive issues such as poor ovule development,
insufficient pollination, inadequate fertilization
or poor flower vigour (Wetzstein et al., 2011Db).
While the plants may live for a long time, finally
their vigour declines and the plant becomes non-
productive (Teixeira da Silva et al., 2013).

2.5 Developmental Biology

Research performed on pomegranate develop-
mental biology is inadequate, and there is ample
scope for research on pomegranate development
to understand the detailed mechanisms of bud,
leaf, flower and fruit development, as well as the
genetic regulatory pathways governing these
processes. Below we review the current knowl-
edge on pomegranate development.

2.5.1 Embryo development and seed

germination

The embryo sac development is Polygonum-type
because polar nuclei fuse together prior to ferti-
lization. Three antipodal cells (uninucleate) are

non-proliferating and synergid cells are elongat-
ed. Endosperm development is of nuclear type.
In P. granatum, the ovule is anatropous, bitegmic
and crassinucellate with a long funicle (Johri
et al., 1992). The outer integument forms the
micropyle. The archesporial cell produces a pari-
etal cell, and the parietal tissue is three-layered.
The megaspore mother cell undergoes meiotic
divisions, leading to a linear type of embryo sac.
The polar nuclei fuse in the centre of the embryo
sac, and the antipodals are ephemeral. The seeds
are exalbuminous, and the embryo is straight
with contorted cotyledons. The outer epidermis
of the testa comprises a palisade of very long,
thin-walled, columnar pulpy cells (sarcotesta),
and a mesophyll of many layers of sclerotic cells
and inner layers of radially elongated cells (mes-
otesta), and an inner epidermis of longitudinal
tracheas with annular-spiral lignified thicken-
ings (Johri et al., 1992).

Anatomical studies performed on pome-
granate seeds revealed that except in the thick-
ening of mesotesta cell walls, there are not many
differences in the structure and the radial length
of the mesotesta and the sarcotesta of the soft
and hard seeds of pomegranate fruit (Pujari and
Rane, 2015). While in soft seeds, thick-walled
sclerotic cells appear only near the tegmen, in
the hard seeds all mesotesta cells, with the ex-
ception of a few near the sarcotesta, possess
thickened walls (Pujari and Rane, 2015).

Seeds of pomegranate have non-deep phys-
iological dormancy (Shalimu et al., 2015). These
seeds go through a series of temperature-driven
changes in their capacities for physiological re-
sponses to various factors between dormancy
and non-dormancy. Comparing seed germi-
nation biology of four Chinese pomegranate
cultivars, the authors concluded warm moist
followed by cold moist stratification were the
best treatments for breaking dormancy.

25.2 Bud development

The buds on the secondary growth are lateral
and appear on the axils of the leaves. The ter-
minal buds at the very tip may produce a thorn,
grow into a flower or clusters of flowers, or sim-
ply fall off. Having no real terminal buds, growth
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Fig. 2.7. Pomegranate dormant bud morphology: (A) narrow bud with sharp scale; (B) large bud with
oval-shaped scale; (C) two kinds of leaves in a sprouting bud (a, leaf with cuspidate apex; b, leaf with
acute apex). Scale bar: 1 mm. (Photos: Rajaei and Yazdanpanah, 2015 (Elsevier).)

occurs through the activity of the lateral buds
(Ashton, 2006).

Two types of dormant buds (Fig. 2.7);
namely, (i) narrow bud with sharp scales, and
(ii) large bud with oval-shaped scales, each
with four sturdy brown scales, were reported
in an Iranian pomegranate cultivar (Rajaei and
Yazdanpanah, 2015). While narrow buds devel-
oped only into vegetative shoots, large buds not
only developed into vegetative shoots, but also
went through a reproductive phase. Buds could
immediately enter the reproductive phase giving
rise either to a floral primordium (a simple flow-
er bud) or a single bud containing two or more
flower buds (a compound flower bud). These
buds could also enter the reproductive phase af-
ter a vegetative period and give rise either to a
shoot with floral primordia (a mixed flower bud)
or a single bud containing a mixed bud and four
to eight flower buds (a compound flower bud).

Dormant buds bear two types of scales, one
pair of transition leaves, and two types of normal
leaves. During bud breaking, dormant buds first
become round, then swollen and the scales gradu-
ally open. Swollen buds elongate and become
spear-shaped (Rajaei and Yazdanpanah, 2015).

2.5.3 Leaf development

Transition leaves of dormant buds are generally
bright green in colour, have a very wide-ovate
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shape and appear in a decussate arrangement.
However, they may differ in terms of size, num-
ber and especially apex morphology. Two types
of leaf have been reported in dormant buds
(Rajaei and Yazdanpanah, 2015): (i) obcordate
shaped having a cleft in the apex consisting of
two pairs, appear as outermost leaves, varying
from 1.3mm in length and 0.6mm in width,
with cuspidate apex; and (ii) lanceolate or oblan-
ceolate shaped, which appear in higher num-
bers, varying from 1 mm in length and 0.5 mm
in width, with an acute apex (Fig. 2.8).

After bud breaking, leaves become red-
greenish, develop rapidly and change to green
by maturity. Mature obcordate leaves are about
5cm in length and 2 cm in width with cuneate
base and short petiole, leathery, shining and
entire, sometimes undulated with brochidodro-
mous venation. Mature lanceolate leaves are
about 11 cm in length and 3 cm in width, mu-
cronate at apex and similar to obcordate leaf
type in the other characteristics cited above.

To know the histological changes during
leaf development, Rajaei and Yazdanpanah
(2015) studied leaf development in an Iranian
pomegranate at six stages. The first three stages
were enclosed in the buds, and the next three
stages were after emergence of the leaves from
the bud.

During the first ontogenic stage of de-
velopment, which occurred at the beginning
of January, leaves were enclosed in dormant
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Fig. 2.8. Developmental stages of two types of leaves in pomegranate: (a—e) development of obcordate
leaf with mucronate apex; (a) leaf from dormant bud; (b-d) transitional stages; (e) a matured leaf. (f—j)
development of oblanceolate leaf with acute apex: (f) leaf from dormant bud; (g-i) transitional stages; (j)
a matured leaf). Scale: (a, b) 500pm; (f, g, h) 200pm; (c, d, i) 1Tmm; (e, j) 1cm. (Photos: (a—d, f-i) Rajaei
and Yazdanpanah, 2015 (Elsevier); (e, j) Stepanyan-Gandilyan, 2017.)

buds. At this stage, epidermis (both upper and
lower) had a thin cuticle and granular pheno-
lics. Mesophyll cells were thin-walled, arranged
compactly, actively proliferating and uniform.
Vascular tissues were differentiated in the me-
dian vein, but the lateral veins were still not
formed.

During the second stage, in which leaves
were enclosed within the swollen buds, epider-
mal cells were compact, and were round or te-
tragonal in appearance. Ground system cells
were enlarged compared with the previous
stage, and few lateral veins could be detected.
Consequently, as the leaves were emerging from

the bud (third stage), intercellular spaces ap-
peared within the ground tissue and more di-
visions were obvious in the phloem cells of the
vascular system.

In the fourth stage, epidermal cells were
elongated vertically, cuticle was thicker in the
red leaves compared with the enclosed leaves
and several rows of cells beneath the upper epi-
dermis were differentiated into collenchyma.
Palisade parenchyma was distinguishable in the
mesophyll, while the vascular system in these
red leaves was characterized by bicollateral
bundles and more differentiated lateral veins.
Leaves appeared red-greenish in the fifth stage
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with the main modifications occurring in their
ground tissue and the formation of angular
collenchyma.

Reaching the sixth stage, green mature
leaves were covered with a very thick cuticle.
Upper stomatal cells were larger than the lower
ones, stomata were flat, and parenchymal cells
were characterized by abundant intercellular
spaces, existence of druse crystals and granular
phenolic compounds. Mesophyll was composed
of a single row of tightly packed palisade cells,
several rows of loosely packed spongy cells and
a single row of palisade-like cells elongated ver-
tically. Numerous chloroplasts, some of which
formed idioblasts with solitary prismatic crys-
tals, were detectable in palisade and spongy
cells. Several unicentrally arranged druses were
detectable in phloem parenchyma and bicollat-
eral veins were narrower towards leaf margins.

254 Flower bud development

The reproductive cycle begins with the commit-
ment of vegetative buds to floral organogenesis.
Flower (reproductive) buds are located close to
the apical meristem and distinguishable from the
dormant bud stage (Fig. 2.9). Upon floral evoca-
tion, six sepal primordia are detectable within the
spear-shaped buds at the initial stage (Fig. 2.10).
Consequently, numerous small papillae later-
ally cover the sepals (Rajaei and Yazdanpanah,
2015). Based on the weight (size) of flower buds,
12 developmental stages have been proposed for

flower buds, ranging from pinhead to ready-to-
crack stages (Fig. 2.11). Furthermore, a gradual
increase in flower bud weight has been detected
throughout these stages (Babu, 2010).

Under tropical conditions, flower bud devel-
opment occurs at varied times. The time from the
initiation of flower bud growth to anthesis may
range from 14 to 28 days depending on the variety
and climatic conditions (Babu, 2010). In a tropi-
cal climate of the northern hemisphere, flowering
occurs during the last week of March and the sec-
ond week of May, with quite frequent occurrence
of several distinct flushes on the same tree (Singh
et al., 1978; Fouad et al., 1979). Flower bud de-
velopment in Indian cultivars completes within
20 to 27 days (Nalawadi et al., 1973). Among 24
pomegranate genotypes grown under a semi-arid
climate, the time required for bud development
varied between 27 days (for ‘Japanese Dwarf’) and
14 days (for ‘Patiala’) (Meena et al., 2011). In semi-
arid tropics of western India, flower bud develop-
ment in ‘Ganesh’ took 20.4 days, which was higher
than ‘Bhagawa’ (19.3 days), ‘Mridula’ (17.5 days)
and Arakta’ (16.2 days) (Babu et al., 2009).

Not only the bud development, but also the
bud dormancy is shown to vary with cultivar.
Bud dormancy (defined as the time between ab-
scission of more than 50% of the leaves, and the
appearance of vegetative buds or more than 10%
new growth) among 24 genotypes grown under
a semi-arid climate ranged from 56 days in ‘Sur
Sukkar’ to 66 days in ‘Kazak Anar’ and ‘Kali
Shirin’ and 67 days in ‘Gul-e-Shah’ (Meena et al.,
2011).

Fig. 2.9. Shoot apex of pomegranate: (a) vegetative shoot; (b) vegetative apex visualized using
scanning electron microscope. Apex subtended by two leaf primordia. Scars denote removed
microscopic leaves; (c) reproductive shoot; (d) reproductive apex is showing a central floral apex with
sepal primordia under scanning electron microscope. Precocious axillary buds have formed. (Photos:
Porter and Wetzstein, 2014.)
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Sepals enclose apex Gynoecium within

W=« P2 27l N s
Anther and petal primordia

Fig. 2.10. Floral organogenesis: (a) flower bud; (b) longitudinal section view of (a); (c) transverse section
view of (a); (d) scanning electron microscope view of (a) after removal of bud scales and leaves; (e)
scanning electron microscope view of (a) after removal of sepals; (f) enlarged view of a portion of (e).

(Photos: Porter and Wetzstein, 2014.)

Fig. 2.11. Flower bud development stages. (Photos: Alimohammad Yavari.)

25.5 Flower development

Control of flowering is known as an important
adaptive trait and is influenced by environmen-
tal and genetic cues. As a critical step towards
reproductive growth, vegetative apices will be

induced to become reproductive and undergo
floral organogenesis. In general, the time taken
from initiation to flowering is affected by growth
habitat and climatic range of the species (Reddy;,
2011). Floral initiation in many temperate fruit
crops occurs one or two seasons prior to the
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flower emergence time. In this respect, flowering
initiates in summer or autumn, prior to winter
dormancy. In the case of tropical and warm tem-
perature species, however, flowering initiates
just prior to anthesis, flowers appear on both
old wood and new growth, and flowering varies
with cultivar (Reddy, 2011).

It is not clear when pomegranate floral in-
duction occurs. According to the microscopic
dissections, meristems in dormant buds of
‘Wonderful’ are vegetative, and flower organo-
genesis is not evident prior to growth resump-
tion in spring (Wetzstein et al., 2015). In early
spring, however, a floral meristem with primor-
dia developed along the margins of a central
reproductive apex could be detected and so is
considered as a precocious axillary bud in early
stages of floral development.

It is reported that pomegranate flower un-
dergoes ten developmental stages. In the early
bloom stage, the flower resembles a small pear,
and is either greenish at the basal part and red-
dish at the apex, or is entirely dark red. Upon
maturation, the sepal becomes orange-red to
deep red, depending on the variety, while pet-
als remain orange-red or pink, and rarely turn
white. A good correlation is reported between
the colour of the sepals and the final colour of
the fruit skin where cultivars with a darker-red
flower will usually have a deep-red fruit skin
colour (Nalawadi et al., 1973; Feng et al., 1998;
Wang, 2003; Babu, 2010).

The flowering duration (the number of days
spanning the appearance of flower bud to full
bloom) also varies with cultivar. Among 24 geno-
types grown under a semi-arid climate, flowering
duration ranged from 16 days (for ‘Sur Sukkar’) to
39 days (for ‘Dholka’) (Meena et al., 2011). Modified
cultural practices, including the application of
chemical treatments to promote flowering may be
considered as ways to improve flower production
(Chaudhari and Desai, 1993; Reddy, 2011).

2.5.6 Male generative sphere

Deposition of viable pollens on to a functional
pistil is required for fruit development. Pollen
receipt on the surface of the stigma initiates
pollination events, which lead to fertilization.
Pollen tubes grow through a central stylar canal

printed on 2/13/2023 12:34 PMvia .

(Fig. 2.5k) and reach the base of stigma within
24 h after pollination. The stylar canal can ac-
commodate hundreds of pollen tubes form-
ing clusters of chord-like structures (Wetzstein
et al., 2011b). Upon successful guidance in the
pistil, the pollen tube reaches the ovules, and
sperm cells enter the micropyle ultimately lead-
ing to the fertilization events. In the case of male
flowers, the pollen germination and tube growth
lack directionality and fail to penetrate the stig-
ma, and therefore fertilization is unsuccessful
(Wetzstein et al., 2011Db).

2.5.7 Female generative sphere

In contrast to the large number of stamens, pome-
granate flowers contain a single pistil. This elon-
gated pistil is terminated by a discoid stigma, and
possesses an inferior ovary (Fig. 2.5). The ovary,
however, contains numerous ovules. The stigma is
covered with elongated papillae, which are coated
with abundant exudate (Wetzstein et al., 2011b).
Stigmatic exudate is believed to participate in di-
recting pollen tubes towards and into the stigma
through directional gradients of water potential
and guiding their chemotropic growth (Kim et al.,
2003; Higashiyama and Takeuchi, 2015).
Successful fertilization and fruit set is only
possible in well-developed pistil as in the case of
hermaphrodite flowers. Stigmatic papillae of male
flowers hold little exudate but can support pollen
germination. However, pollen tubes are rarely
observed in styles. Ovules in male flowers are
somehow rudimentary and exhibit various stages
of degeneration (Wetzstein et al., 2011b). The in-
termediate flowers also exhibit various degrees of
ovary degeneration (Goor and Lieberman, 1956;
Nalawadi et al., 1973; Assaf et al., 1991). Their
styles may equal the length of the long-styled
flowers or are as short as the short-styled ones.
Occasionally, long-styled intermediate flowers
become fertilized, but the fruits often drop early,
and if matured, will be misshaped and defective
(Hodgson, 1917; Nath and Randhawa, 1959).

2.5.8 Metaxenia

The effect of foreign pollen on maternal/ovular tis-
sue, referred to as ‘metaxenia’, has been reported
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in pomegranates (Levin, 2006). Xenia effects
due to cross-pollination in pomegranate have al-
ready been demonstrated by some workers (Derin
and Eti, 2001; Karimi and Mirdehghan, 2015;
Vazifeshenas et al., 2015; Gharaghani et al., 2017).
The pollen source influences fruit properties such
as fruit shape, size, weight, rind colour and thick-
ness, as well as seed characteristics including
seed size, hardness, and aril colour and weight.
Occasional occurrence of several arils with differ-
ent colours within a single pomegranate fruit is due
to metaxenia (Holland et al., 2009).

259 Fruit development

Fruiting in pomegranate plants may start
in the second year, but the substantial bear-
ing of fruits appears after 3—5 years’ maturity
in plants. Flowering and fruit set last about 1
month (Holland et al., 2009). Aril development
completes within 80 days from fruit set, and is
associated with a progressive increase in total
sugars, reducing sugars and anthocyanin pig-
ments. This period is accompanied by a signifi-
cant reduction in total phenolics, ascorbic acid
and acidity, followed by a steady state. Following
fruit set, the sepals’ skin colour changes pro-
gressively from orange-red to green. The colour
changes again in later stages of fruit maturation
to reach the final characteristic colour of the
ripe fruit. The external fruit colour, which var-
ies between yellow, green and pink, changes to
fully red, deep pink or deep purple, depending
on the variety and the ripening stage. The black
pomegranate, one of the exceptional cultivars,
acquires its black skin very early in development
and keeps it until ripening. The thickness of the
skin (leathery pericarp) varies among cultivars
(Holland et al., 2009; Babu, 2010).

The pomegranate fruit growth pattern,
from fruit set to maturity, has been character-
ized as a simple sigmoidal curve (Ben-Arie et al.,
1984; Varasteh et al., 2008), with periods of fast
fruit growth rate set apart from periods of slow
growth (Kumar and Purohit, 1989). The initial
rapid fruit growth occurs due to cell divisions and
is characterized by growing kernel tissue and in-
creasing testa hardness (Shulman et al., 1984).
Consequently, a slowdown in fruit growth occurs
(Gozlekci and Kaynak, 2000). While the kernel

ceases growing, the aril progressively grows as the
fruit proceeds to its final size through cell enlarge-
ment (Ben-Arie et al., 1984; Shulman et al., 1984;
Melgarejo et al., 1997). This growth pattern varies
among cultivars. The ‘Mule’s Head’ cultivar fol-
lows a simple sigmoid curve, but in ‘Wonderful’
cultivar, the growth pattern is reported to be lin-
ear (Shulman et al., 1984) or with a slow growth
phase detected as fruit diameter reaches 52.5mm
(Ben-Arie et al., 1984). The average fruit weight
and volume of the ‘Malas-e-Torsh-e-Saveh’ culti-
var grown in Iran increase rapidly until 45 days
after fruit set and continue more slowly until har-
vest time (Varasteh et al., 2008). Furthermore,
fruit growth measurement of the Omani cultivars
grown in the Al-Jabal Al-Akhadar area (Al-Yahyai
et al., 2009) and ‘Wonderful’ cultivar grown in
Australia (Weerakkody et al., 2010) revealed a lin-
ear fruit growth pattern, although the measure-
ments started several weeks after fruit set.

2.5.10 Aril development

Arils are the juice-containing, multifaceted struc-
tures in mature fruit. Each aril is produced from an
ovule through an independent fertilization event
within the ovary. For fruit development to occur,
embryo growth and development must proceed
after fertilization. Each aril possesses a centrally
located seed that nests the developing embryo. The
layers of the seedcoat whose structure determines
seed hardness are derived from the integuments
that are the protective layers of the ovule. The
juice-containing outer region of arils is composed
of giant tubular cells that can reach up to 2mm
long. These cells elongate rapidly with significant
amounts of aril growth occurring late in the sea-
son. During the last 2 months preceding harvest,
aril increases 40-50% in mass. Embryo abortion
and poor aril growth can lead to unfruitfulness
and/or poor fruit sizing. Strong aril development,
filling of juice cells and colour/ingredient forma-
tion are prerequisites to high-quality crop produc-
tion (Wetzstein et al., 2015).

2.5.11 Fruit ripening

Fruit ripening involves several changes in fruit
characteristics from flowering and fruit set to
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maturity and senescence. These changes in-
clude physical, structural, biochemical and
physiological changes, reflecting differences in
fruit appearance during maturation and rip-
ening among cultivars (Ben-Arie et al., 1984;
Shulman et al., 1984; Al-Maiman and Ahmad,
2002; Holland et al., 2009; Shwartz et al.,
2009).

The outer skin colour does not indicate fruit
ripening or its readiness for consumption since
fruits can attain their final colour long before the
arils are fully ripened. The time taken from flow-
ering to maturity and senescence varies among
different genotype/cultivars, growing locations,
climatic conditions and seasons (Shulman
et al., 1984; Gil et al., 1995; Holland et al.,
2009; Fawole and Opara, 2013b). The most
pronounced difference in ripening time among
cultivars is not derived from the differences in
flowering time but rather from the time taken
from anthesis to ripening. Fruits ripen within
5-8 months or 135-180 days after anthesis,
depending on the cultivar and climate (Morton,
1987; Kader, 2006; Holland et al., 2009). In
Israel, fruits matured more rapidly in the hot
valley region than in the coastal plain (Shulman
etal.,, 1984).

Pomegranate fruits are non-climacteric
and should be harvested only after reaching
the fully mature stage to ensure the best eating
quality (Ben-Arie et al., 1984; Shulman et al.,
1984; Erkan and Kader, 2011). Although the
calyx opening, distinctive peel colour and a
metallic sound on tapping are recommended
as indicators for pomegranate ripening in cer-
tain cultivars (Mir et al., 2012), they are not
reliable and cannot be applied in all cultivars.
A scientific maturity index for pomegranate
cultivars is yet to be established (Fawole and
Opara, 2013Db). In general, maturity indices for
the fruits are cultivar dependent, depending on
skin and aril colour, acid level (titrable acids,
TA), total soluble solids (TSS) content and TSS/
TA ratio (Al-Maiman and Ahmad, 2002; Erkan
and Kader, 2011). In ‘Wonderful’, the harvest-
ing is preferred when the soluble sugar varied
from 15-17%, and the acids are lower than
1.85%. In Bejestan pomegranates of Iran, the
optimum harvesting time was found suitable
when the soluble solids content reached 17.5%
(Sherafatian, 1994).
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2.6 Physiology of Pomegranate

2.6.1 Growth physiology

Pomegranate is a C, plant, and the tree requires
a long, hot and dry season for producing a good
yield of high-quality fruit (Holland et al., 2009).
Sugars are transported as oligosaccharides + su-
crose, or as sugar alcohols + oligosaccharides +
sucrose.

Although pomegranates have been
adapted to a wide range of climatic conditions,
Mediterranean-like climates provide optimal
growth conditions. This includes high exposure
to sunlight, mild winters and long, hot, dry sum-
mers without rain during the last stages of fruit
development. Under such conditions, the fruit
will develop to its best size and optimal colour
and sugar accumulation (Holland et al., 2009).
Chilling is required for breaking bud dormancy
in deciduous pomegranates grown in temperate
climates (Soloklui et al., 2017). However, pome-
granate is sensitive to frost; sweet pomegranates
being more sensitive than the sour ones. Annual
shoots are damaged at 14—15°Csubzero, peren-
nial branches at 16—17°Csubzero and the aerial
parts of the shrubs at 18—-19°Csubzero temper-
atures (Djavakyants, 2011).

Pomegranates flower at an average daily
temperature of 20°C and pollen germinates at
12°C, but 20-25°C is optimum (Djavakyants,
2011). Fruit develops well in the arid and semi-
arid regions of the subtropical climates, and a
temperature of 38°C with dry climate during
fruit development produces the best-quality
fruits (Glozer and Ferguson, 2011). Areas with
high relative humidity or rain are totally unsuit-
able for cultivation, as fruits produced under
such conditions tend to taste less sweet and are
prone to cracking. For ornamental gardening,
pomegranate can be grown in all climatic con-
ditions throughout the globe except the polar
regions.

Pomegranate can adapt itself to different
types of soil, but is sensitive to low drainage.
The best fruits are produced on deep, water-
absorbing and fertile loamy soil with good drain-
age (Glozer and Ferguson, 2011). Light to sandy
soils can also be used for pomegranate cultiva-
tion if irrigated well.
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Light affects pomegranate bearing and
fruit quality. Therefore, summer pruning is
sometimes needed to remove suckers and water
sprouts. Winter pruning is mostly used when
there is a need to induce new growth, eliminate
broken or intrusive branches, and/or control the
tree height (Holland et al., 2009).

Pomegranate is considered as a drought-
resistant crop since it enjoys the heat and thrives
well in arid and semi-arid areas, even under de-
sert conditions (Aseri et al., 2008; Rodriguez et al.,
2012). Grown in such areas, however, the crop
requires regular irrigation during the dry season
in order to reach optimal yield and fruit quality
(Sulochanamma et al., 2005). Deficit irrigation
during fruit ripening has adverse effects on fruit
size and total yield (Rodriguez et al., 2012). Asirri-
gation timing further affects ripening time, irriga-
tion is done strategically in order to direct the time
of fruit yield in Indian evergreen pomegranates
(Sonawane and Desai, 1989).

Pomegranate can be irrigated by alterna-
tive water sources, mainly recycled water and
saline water. With salts increasing in recycled
water, usage of recycled water is strongly con-
nected to salinity (Raviv et al., 1998). Although
the mode and magnitude of the plant response
is cultivar dependent, the crop is considered as
moderately tolerant to salinity (Maas, 1993;
Naeini et al., 2005, 2006; Okhovatian-Ardakani
et al., 2010; Borochov-Neori et al., 2013). Thus
the crop is amenable to irrigation with saline
water, although it requires constant irrigation to
leach the salt and prevent the detrimental effects
of increasing salinity. In response to irrigation
with saline water, pomegranate tissues accu-
mulate sodium, chloride and potassium, and the
concentrations of these ions increases in paral-
lel to the salt concentration within the irrigation
water (Naeini et al., 2006). Pomegranate plants
can tolerate up to 40 mM NaCl in irrigation wa-
ter, above which, growth parameters such as the
length of the main stem, length and number of
internodes, as well as leaf surface area are se-
verely affected (Naeini et al., 2006). Irrigation
with saline water also results in higher vegeta-
tive growth (Holland et al., 2009).

In pomegranate roots, the Casparian strip is
reported (Figs. 2.12 and 2.13) to form earlier in
the exodermis than in the endodermis (Tuladhar
and Nii, 2014). The endodermal Casparian strip
blocks the free apoplastic movement of several

ions and heavy metals, as well as fluorescent
dyes, and a similar function is considered for
the Casparian strip formed at exodermis (Chen
et al., 2011; Tuladhar and Nii, 2014). The su-
berin and lignin accumulation in root endoder-
mal cells and cell layers newly formed beyond
the endodermis is completely different from that
in endodermis-like cells. The accumulation of
lignin in addition to suberization or together
with suberin in the same cell layer distinguishes
these cells from the periderm observed in other
roots. Suberin deposition in the outermost tis-
sues of pomegranate roots may contribute to its
ability to tolerate and adapt to various soil envi-
ronments (Tuladhar and Nii, 2014).

2.6.2 Physical changes during fruit

maturation

In pomegranates, the fruit volume, fruit weight,
total aril weight and total aril number are highly
correlated (Wetzstein et al., 2011a, Wetzstein
et al., 2015). The fruit weight in ‘Bhagwa’ in
South Africa increased from 107 g, 54 days af-
ter the full bloom of the flowers to 322 g when
harvested 139 days after full bloom (Fawole and
Opara, 2013a). During this period, the fruit size
changed linearly with the diameter increasing
from 60-84mm and its length changing from
54-75 mm. Fruits of the ‘Wonderful’ grown in
Condobolin, Australia also presented a linear in-
crease in fruit mass, reaching the maximum val-
ue of 675 g per fruit 14 weeks after the fruit set
where fruit diameter increased faster than the
length (Weerakkody et al., 2010). These physical
changes that may even occur after the optimum
harvest stage are attributed to the fruit growth
and are presumably caused by the expansion of
the cells due to the uptake of water and nutrients
(Shwartz et al., 2009). Among four Israeli pome-
granates, fruits that ripened in early summer
and during the winter were significantly smaller
than those that ripened at the end of summer
and autumn (Borochov-Neori et al., 2011). In
the case of the Iranian ‘Malas Yazdi’ cultivar, the
peel (with mean dry weight of 22.33 g) contrib-
uted more to the fruit mass early in the season,
but from the middle to the end of the season, the
arils (with mean dry weight of 35.03g at the
end of the season) performed the dominant role
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Fig. 2.12. Pomegranate root exodermis development at a different distance from the root tip (panel
a: 10mm, b: 20mm, c: 60mm, d: 80mm, e: 110mm, f: 140mm). Root samples stained with berberine
hemisulfate-aniline blue-safranin O. Lignin-encrusted rhizodermis turned reddish orange under the
fluorescent microscope, and suberized areas in exodermis appeared milky white. Casparian strip
formed in one or more layers at the exodermis. ep, rhizodermis/epidermis; ex, exodermis; co, lignified
cortical cell. Scale=50pm. (Photos: Tuladhar and Nii, 2014.)
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Fig. 2.13. Pomegranate root endodermis development at a different distance from the root tip (panel
a: 20 mm, b: 60 mm, ¢: 80 mm, d: 110 mm, e: 130 mm, f: 150 mm). Root samples stained with
berberine hemisulfate-aniline blue-safranin O. Lignin-encrusted cortical cells and few endodermal cells
appear reddish orange. co, lignified cortical cell; en, endodermis; el, endodermis-like cells; lig, lignin
accumulation. Scale = 25 pm. (Photos: Tuladhar and Nii, 2014.)
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(Mirdehghan and Rahemi, 2007). Fruit arils
constituted about 50% of the fruit weight in
‘Mule’s Head’ and ‘Wonderful’ cultivars in Israel
(Shulman et al., 1984), and 57-66% in Spanish
‘Mollar’ (Séanchez et al., 1996), while in the
South African-grown ‘Bhagwa’ they comprised
less than 50% of the semi-ripe fruit weight (un-
til 110 days after full bloom), and increased to
58% of the fruit weight at full ripe stage (Fawole
and Opara, 2013a). Aril weight increases 40—
50% during the last 2 months prior to harvest
(Wetzstein et al., 2015).

Average fruit juice yield for ‘Wonderful’ cul-
tivar grown in Condobolin, Australia amounted
to 37% of the fruit weight (Weerakkody et al.,
2010) and ranged from 57-67% in the case
of local pomegranate cultivars in Oman (Al-
Said et al., 2009). While the fruit juice yield for
‘Mule’s Head’ and ‘Wonderful’ cultivars was
less than 25% during late immature stages, it
increased to 35-40% and 40-45% at harvest
time (Shulman et al., 1984). A wider range, but
lower juice content of 18-40% measured for
‘Wonderful’ grown in Israel was attributed to
the differences in climatic conditions (Shulman
et al., 1984). Between the immature and full-
ripe stages, the juice content of the ‘Bhagwa’
grown in South Africa increased from 29 to 54%
(Fawole and Opara, 2013a). Furthermore, early
summer fruits of Israel-grown cultivars had the
highest juice content compared with late sum-
mer, autumn and midwinter ones at the mature
stage (Borochov-Neori et al., 2011).

The colour of the fruit skin, as well as the
aril may change during the development and
ripening of pomegranate fruits (Al-Said et al.,
2009; Holland et al., 2009). In case of the
Spanish ‘Mollar de Elche’ cultivar, the fleshy
arils change from white to pinkish-red while the
fruit peel changes from green to greenish yel-
low, and finally to brownish yellow with reddish
patches (Melgarejo et al., 1997), whereas among
different accessions of ‘Wonderful’ red pigmen-
tation increased significantly in fruit parts dur-
ing ripening (Ben-Arie et al., 1984; Shulman
etal., 1984; Shwartz et al., 2009).

The colour of pomegranate juice is influ-
enced by several pre- and postharvest factors.
Fruits grown on the coastal plains developed
more intense colour than those grown in
warmer valleys in Israel (Shulman et al., 1984).
Another report revealed an inverse correlation
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between the intensity of the red colour of the
arils with the cumulated amount of heat during
fruit development and ripening using a Chroma
meter (Borochov-Neori et al., 2009). With the
colour being expressed in CIE Color Space, the
a* value (redness) for fruit aril increased while
the L* value (luminosity, ranging from O for
pure black to 100 for white) declined during
the ripening period of a mid-season cultivar in
parallel to a gradual change in aril colour from
white to pink. Similar results were also reported
for ‘Ruby’ grown in South Africa (Fawole and
Opara, 2013c). Colour parameters detected
from ‘Codpa’ grown in Chile also presented the
highest L* and h° values at green maturity stage
(Labbé et al., 2010).

2.6.3 Biochemical changes during fruit

maturation

As the pomegranate fruit matures on the tree,
a reduction in the titrable acidity and parallel
increase in total soluble sugars (TSS), pH and
colour intensity is observed (Kader, 2006). TSS
increased significantly during three major fruit
developmental stages in ‘Rabbab-e-Fars’ cultivar
(Zarei et al., 2011). During the development of
‘Bhagwa’ fruits grown in South Africa, TSS in-
creased about 150% between 54 days after full
bloom and the harvest time at 165 days after full
bloom (Fawole and Opara, 2013a). Similarly,
the TSS increased from 10.30°Brix in immature
fruit at 20 days after fruit set to 19.56°Brix in
fully ripe fruit at 140 days after fruit set (Zarei
et al., 2011), and from 13% in 40-day-old for
‘Ganesh’ fruit grown in India to 16.3% on day
140 (Kulkarni and Aradhya, 2005). The lowest
TSS for ‘Ruby’ grown in South Africa was de-
tected at an early growth stage (54 days after full
bloom) and increased significantly by harvest
time on day 139 (Fawole and Opara, 2013c).
In contrast, the TSS remained almost constant
between green unripe fruit and full-ripe stage in
‘Taifi’ with a slight increase from 16.4 to 16.9%
(Al-Maiman and Ahmad, 2002) corroborat-
ing the results reported in ‘Wonderful’ grown
in California, USA (Kader et al., 1984), and re-
mained constant throughout the ripening pro-
cess in the Spanish clones ‘ME5’, ‘ME17’ and
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‘MO6’ (Legua et al., 2000) as well as the sweet
‘Mollar’ cultivar (Gil et al., 1995).

The juice of fully mature fruits contains 12—
16% sugars, mainly consisting of glucose and
fructose (Sanchez et al., 1996; Al-Maiman and
Ahmad, 2002; Shwartz et al., 2009; Fawole and
Opara, 2013c, Fawole and Opara, 2013a), with
glucose being the predominant sugar (Legua
et al., 2000). The concentration of glucose and
fructose in South African-grown ‘Bhagwa’
and ‘Ruby’ increased significantly during fruit
maturation (Fawole and Opara, 2013a), as is
reported for ‘121-2" and ‘101-2" accessions of
the ‘Wonderful’ pomegranate (Shwartz et al.,
2009). The rapid increase of the total sugar
content in South African-grown ‘Bhagwa’ de-
tected between immature and early half-ripe
stages (54—110 days after full bloom) has been
attributed to intense fruit expansion during the
maturity stages (Fawole and Opara, 2013a). In
‘Ganesh’, the amount of reducing sugars re-
mained unchanged during the first 80 days af-
ter full bloom but significantly increased when
fruit became fully ripe at day 140 (Kulkarni and
Aradhya, 2005).

As fruit maturation proceeds, the titra-
ble acidity (TA) of pomegranate juice declines
with different rates among cultivars and grow-
ing regions. In South African-grown ‘Ruby’
and ‘Bhagwa’, the TA decreased from 0.39 to
0.31% and from 0.62 to 0.38%, respectively,
during day 54 after full bloom and either day
139 (‘Ruby’) or day 165 (‘Bhagwa’), (Fawole
and Opara, 2013a, Fawole and Opara, 2013c).
For ‘Malas-e-Torsh-e-Saveh’ cultivar grown in
Iran, the TA increased early after fruit set and de-
clined later on throughout the growing season
(Varasteh et al., 2008). Similarly, a decrease in
TA has been reported during fruit development
of ‘Wonderful’, ‘Taifi’, ‘Codpa’ and ‘Ganesh’
cultivars (Ben-Arie et al., 1984; Gil et al., 1995;
Al-Maiman and Ahmad, 2002; Kulkarni and
Aradhya, 2005; Labbé et al., 2010).

The pH value has an inverse correlation
with TA and has been reported to increase with
maturity in ‘Taifi’ (Al-Maiman and Ahmad,
2002), has no significant changes at different
maturity stages of ‘Mollar’ (Sanchezetal., 1996)
and increases with fruit ripening in ‘Rabbab-e-
Fars’ (Zarei et al., 2011).

The composition and concentration of organ-
ic acids can also affect the perception of sweetness

and sourness (Jalikop, 2007). Pomegranate fruit
juice has been reported to contain several organic
acids, often with citric acid being the major one
that accounts for titrable acidity (Melgarejo et al.,
2000b; Poyrazoglu et al., 2002; Schwartz et al.,
2009Shwartz et al., 2009). The concentrations
of other organic acids including tartaric, malic
and oxalic acids vary between different cultivars.
Among Turkish pomegranate varieties, citric,
malic and oxalic acids were the major organic ac-
ids (Poyrazoglu et al., 2002).

The amount and composition of different
organic acids varied among ‘ME5’, ‘ME17’ and
‘MO6’ clones, with malic acid as the most pre-
dominant one, followed by citric acid (Legua
etal., 2000). During fruit development, the dom-
inant organic acids in ‘Ruby’ were tartaric, citric
and malic acid (Fawole and Opara, 2013c). In
‘101-2" and ‘121-2" accessions of ‘Wonderful’
grown under the same agro-climatic conditions,
citric acid was predominant in ‘101-2" but least
abundant in ‘121-2" compared with other or-
ganic acids (Shwartz et al., 2009). Furthermore,
oxalic and succinic acids were only found in
accession ‘121-2," and the concentrations de-
creased significantly with advancing maturity
(Shwartz et al., 2009).

In the ‘Ruby’ cultivar, tartaric acid was
the most abundant organic acid during the im-
mature stage, and its concentration decreased
as development proceeded, whereas citric and
malic acids became unquantifiable at advanced
maturity stages (Fawole and Opara, 2013c).
Several studies have shown strong correlations
between organic acids and titrable acidity in
mature pomegranate fruit (Shwartz et al., 2009;
Hasnaoui et al., 2011; Mena et al., 2011).

Ascorbic acid (vitamin C) is another im-
portant acid found in pomegranate fruit whose
concentration tends to decline during fruit
maturation in ‘Ganesh’ (Kulkarni and Aradhya,
2005), ‘Taifi’ (Al-Maiman and Ahmad, 2002)
and ‘Rabbab-e-Fars’ (Zarei et al., 2011). On
the contrary, other reports indicate increasing
ascorbic acid levels during fruit development
in two ‘Wonderful’ accessions grown in Israel
(Shwartz et al., 2009) as well as ‘Bhagwa’ grown
in South Africa (Fawole and Opara, 2013a).

One of the desirable changes that occur
during fruit maturation and ripening is the loss
of astringency, which is primarily due to the
decline in the amount of phenolic compounds
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(Al-Maiman and Ahmad, 2002; Kulkarni
and Aradhya, 2005). In ‘Rabbab-e-Fars’, the
lowest total phenolic concentration in fruit
(786.20mg/100 g) was detected at commercial
harvest (Zarei et al., 2011). For ‘Wonderful’,
about 50% decline in total phenolic content was
detected in the first growing season, while dur-
ing the second season, an initial increase was
followed by rapid declining levels (Weerakkody
et al., 2010). An increasing amount of phenolic
compounds was detected for ‘Malas Yazdi’ culti-
var at early maturity stage, which declined there-
after as maturation proceeded (Mirdehghan and
Rahemi, 2007).

Total phenolic content might also be af-
fected by the seasons. A study performed on
Israeli-grown pomegranate cultivars showed that
midwinter-ripened fruits had the highest level of
total phenolic compounds, compared with early
summer-, late summer- and autumn-ripened
fruits (Borochov-Neori et al., 2011). In Chilean-
grown Codpa cultivar, the highest total phenolic
concentration was found in fruit juice at the green
maturity stage, which declined significantly as
maturation proceeded (Labbé et al., 2010).

Although juice containing very high con-
centrations of phenolic compounds could be less
desirable due to high astringency (Kader, 2006),
several reports have demonstrated that a signifi-
cant reduction in phenolic compounds in pome-
granate coincides with a sharp decline in juice
antioxidant capacity during fruit development
(Borochov-Neori et al., 2009; Shwartz et al.,
2009; Labbé et al., 2010; Weerakkody et al.,
2010; Borochov-Neori et al., 2011). Common
phenolic compounds in pomegranate juice in-
clude ellagic acid derivatives and hydrolysable
tannins (Gil et al., 2000; Shwartz et al., 2009;
Fischer et al., 2011).

The presence of anthocyanins gives the
pomegranate juice its red colour (Shulman et al.,
1984). It has been shown that most cultivars
contain the same anthocyanin compounds, ir-
respective of the growing region, whose relative
abundance differs among cultivars (Gil et al.,
1995; Alighourchi et al, 2008; Fawole and
Opara, 201 3a, Fawole and Opara, 201 3c). The to-
tal amount of anthocyanins stays almost constant
during the first stages of fruit ripening followed by
asignificant increase in later stages (Sanchezet al.,
1996; Kulkarni and Aradhya, 2005; Shwartz
et al., 2009; Zarei et al., 2011). Winter-ripened
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fruits have higher anthocyanin content than
those harvested in early summer, late summer or
autumn (Borochov-Neori et al., 2011).

Six anthocyanins, the 3-glucosides and
3, 5-diglucosides of pelargonidin, cyanidin
and delphinidin constitute the anthocyanin
profile of pomegranate juice (Gil et al., 1995;
Hernandez et al., 1999; Borochov-Neori et al.,
2011). The same anthocyanins exist in all cul-
tivars but present in different abundancies de-
pending on cultivar, maturation stage and the
geographical source of the fruit, with delphini-
din 3,5-diglucoside being the dominant pigment
in early ripening stages and the monoglucoside
derivatives of cyanidin 3-glucoside and delphini-
din 3-glucoside increasing in the later stages (Gil
etal., 1995; Hernandez et al., 1999).

Limited information is available regarding
changes in mineral nutrients during pomegran-
ate fruit maturation. Potassium (K*) is the most
abundant mineral nutrient in the fruit of Taifi
cultivar, followed by Na* and Ca** (Al-Maiman
and Ahmad, 2002). The highest concentration
of K* was detected in unripe arils, followed by
the juice obtained from fully ripe fruits. With ad-
vancing maturity, the concentration of P, Na and
Ca in arils increases significantly, while the con-
centration of Mg, Na, and Ca in juice decreases.
Similarly, K is reported to be the most abundant
element in ‘Hicaznar’ in all fruit parts (Gozlekci
et al., 2011). The profile of the nutrient concen-
tration in fruit peel of ‘Hicaznar’ changed dur-
ing fruit development, with P having the highest
concentration at unripe maturity stage, Mg, Mn,
Zn and Cu at an immature stage, and Ca and Fe
at fully mature stage (Gozlekci et al., 2011).

Studying the changes in macro- and mi-
cronutrients in fruit arils and the peel of ‘Malas
Yazdi’ cultivar showed that macronutrients
accumulated in parallel to fruit development
(from days 10-140 after full bloom) while the
micronutrients presented declining values
(Mirdehghan and Rahemi, 2007).

2.6.4 Physiological changes during

fruit maturation

Fruit respiration in ‘Wonderful’ presented a
gradual decline during and after the first month
upon fruit set (Ben-Arie et al., 1984). CO, out-
put in young fruits rose initially for a day and
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thereafter declined gradually. With advancing
maturity, CO, production became progressively
less pronounced. Only a trace amount of eth-
ylene production was detected throughout all
maturity stages, even when fruits were sealed for
4 h in respiration jars, but exogenous ethylene
induced 30 and 100% higher respiration rates
in 1- and 5-month-old fruits, respectively. Due
to relatively low respiration rates and the low
amount of ethylene evolved during fruit devel-
opment and ripening, the pomegranate fruit is
classified as non-climacteric (Lee et al., 1974).
In parallel, when comparing ‘Mule’s Head’ with
‘Wonderful’, fruit respiration rate was found to
decline with advancing maturity, low CO, evolu-
tion was detected during the mature and ripen-
ing period (with ‘Mule’s Head’ having slightly
higher levels), and both cultivars had no measur-
able ethylene production (Shulman et al., 1984).
Exposure to ethylene may immediately increase
fruit respiration rate and ethylene production,
however, the effect of ethylene treatment on
respiration rapidly declines. The pomegranate
fruit will not mature after harvest and should be
harvested only when fully mature. Once the fruit
is harvested, it keeps respiring at a relatively low
rate, which further decreases with time. Storage
at low temperature can keep the respiration rate
low. Therefore, storing pomegranate fruits in O
and 4.5°C temparatures (depending on cultivar)
at 85% relative humidity can keep them well
for several months after harvesting (Mukerjee,
1958; Kader et al., 1984; Prasad et al., 2010).

2.6.5 Fruit splitting

Fruits of most known pomegranate cultivars
eventually split when they over ripen. The fruits
of some cultivars tend to split at much earlier
stages of fruit development or at higher frequen-
cies than others (Tabatabaei and Sarkhosh,

2006), whereas some are resistant to splitting
(Trapaidze and Abuladze, 1998). The sudden
change in moisture content due to heavy rain
or irrigation during the dry season induces split-
ting of matured fruits, but the extent of fruit
splitting can be reduced significantly by regular
irrigation, particularly drip irrigation (Prasad
etal., 2003; Pal et al., 2014). It is known that fol-
lowing the end of the dry season, rainfall on ma-
ture pomegranate fruits can induce rapid fruit
splitting. A few reports indicate that spraying
with gibberellic acid (GA,) at 150 ppm or benzyl
adenine (BA) at 40 ppm could significantly re-
duce pomegranate fruit splitting (Sepahi, 1986;
Mohamed, 2004; Yilmaz and Ozgiiven, 2006).
Other studies indicate that application of boron
may reduce fruit splitting (Singh et al., 2003;
Sharma and Belsare, 2011; Khalil and Aly,
2013; Sahu et al., 2013).

2.7 Conclusions

The pomegranate fruit is morphologically unique
in the plant kingdom. The pomegranate has
drawn wide attention globally as it thrives well
in diverse biogeographic conditions and has tre-
mendous utility in food and medicines. There is
scant information and knowledge available on the
genetics, physiology and biology of pomegranate,
particularly the reproductive bud development,
pathways of two morphologically distinct leaf
development, induction of flowering, flower devel-
opment, fruit development, root physiology and
stress responses of this plant. Information in these
fields is significantly important for further im-
provement of pomegranate crops for quality fruits
and higher yields. Furthermore, research on the
molecular aspects and genetic control of organo-
genesis in pomegranate is required to improve this
economically and medicinally important crop.
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3.1 Introduction

Today, pomegranate is cultivated throughout
the world in Mediterranean, subtropical and
tropical climatic conditions. Orchards can be
found in the Middle East and Caucasus region,
North and tropical Africa, the Indian subcon-
tinent, central Asia, the drier parts of South-
east Asia, the Mediterranean Basin, North and
South America, and Australia. In recent years,
pomegranate fruit has become more common in
the commercial markets of Europe and Western
countries. In many areas of the world, in par-
ticular in Asia, pomegranate is also known and
used for different medicinal purposes.

Official Food and Agriculture Organization
of the United Nations (FAO) data for pomegran-
ate are lacking and world pomegranate produc-
tion is estimated to be around 5million metric
tonnes (t) (Jaime et al., 2013) with increasing
production year after year. The main world pro-
duction is located in the Middle East and India.
In the off-season period of the northern hemi-
sphere (from late February to early May) the
southern hemisphere supplies <50,000 t to the
northern hemisphere market. In the following
text, pomegranate growth and production sta-
tistics from different countries and regions are
presented and discussed. Climatic conditions of
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the growing areas are also presented, with chill-
ing hours (November—February in the northern
hemisphere; June—September in the southern
hemisphere) ranging from O (tropical areas) to
values up to 2000 in areas with long and cold
winter periods. Data indicate very wide condi-
tions for pomegranate cultivation in the world.

3.2 lIran

According to the literature, Iran is known to be
the native area of pomegranate (Holland et al.,
2009), from where this species spread through-
out the world. Pomegranate is deeply integrated
with Persian culture and images of this fruit
have been carved on the Persepolis relics, which
date back to ancient times of the Persian Empire.
Iran is one of the biggest producing countries in
the world in close competition with India and
China (Ebrahimi, 2015). Pomegranate is the
fifth fruit among the top-produced horticultural
Iranian products after grape, olive, apple, orange
and date (Ministry of Agriculture Jihad, 2016).
The reason for the extensiveness of pomegran-
ate production lies in the unique pedo-climatic
and geographical characteristics of the coun-
try. Iran is located at 25° N to 40° N, and one-
fourth of the country is covered by desert lands

© CAB International, 2021. The Pomegranate: Botany, Production and Uses
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with an arid and subtropical climate, which is
suitable for cultivation of pomegranate trees.
Pomegranate, pistachio, date palm and fig are
among the few fruit crop species that can grow
and thrive, becoming noticeable cultivations in
desert areas of the country. Pomegranates are
nowadays grown all over the country except for
the Hamadan province because of the very cold
winters. In the region of Fars (Shiraz), an impor-
tant area for pomegranate production in Iran,
annual mean daily temperature ranges between
aminimum of 8.7°C and a maximum of 25.1°C,
with an average of 16.8°C; the annual total pre-
cipitation is 316mm (https://en.climate-data.
org/) with 1573 chilling hours (SoDa Service,
2019).

Pomegranate is used as fresh fruit or pro-
cessed into jam, syrup and concentrate, and is
used as flavour for ice cream and local foods.
‘Fesenjan’ is one of the ancient and most favour-
ite foods in Persian culture, of which pomegran-
ate sauce is the main ingredient. Pomegranate
fruits and arils are used for decorative purposes
on different occasions and in festivals in many
cities, similar to what happened in ancient
times. Pomegranate peel is still used for dyeing

wool and clothes in some towns and villages
throughout the country.

Production of pomegranate in Iran is al-
most one-fourth of the whole world production,
with most of the orchards irrigated and only
a few hectares under rain-fed management.
Production is growing, due to the increasing
demand of the local market and it almost dou-
bled between 2010 and 2015 (from 555,000 to
1,086,000 t) (Fig. 3.1.). However, only 1.5% of
the total domestic pomegranates are exported
(Ministry of Agriculture Jihad, 2016).eading
pomegranate importers include Azerbaijan,
Japan, Armenia, Canada, Singapore, Germany,
Hungary, Greece, South Korea, the UK, Malaysia
and Denmark (Mohseni, 2009). To meet the
increasing demand from importing countries,
in later years (from 2008 onwards) there has
been an increase in pomegranate orchards up to
90,000 hain 2018.

Fars is the main Iranian province where
pomegranate is cultivated (Kohansal and Rahimi,
2013) with a production of about 273,000 t from
20,445 ha, followed by Yazd province (99,239 t
on 6439 ha), and Semnan (47,052 t on 4037 ha).
Esfahan, Qom, Southern Khorasan, Lorestan,
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Fig. 3.1. Pomegranate production in Iran between 2010 and 2017. (Source: Ministry of Agriculture

Jihad, 2016.)
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Fig. 3.2. Pomegranate production in provinces of Iran (B, bearing; NB, non-bearing orchards). (Source:

Ministry of Agriculture Jihad, 2016.)

Khuzestan, Sistan and Baluchistan, Tehran and
Kerman are other provinces with production
above 10,000 t/year (Fig. 3.2).

Although there are many cultivars and gen-
otypes of pomegranate in Iran (more than 760
accessions in the Iran National Pomegranate
Collection), the most important commercial
Iranian pomegranate cultivars are: ‘Malas
Saveh’, ‘Robab-e-Neyriz', ‘Shishekap Ferdows’,
‘Naderi Badrood’, ‘Khazar’, ‘Aalak’, ‘Naderi
Kashan’, ‘Bajestani’ and ‘Malas Yazdi'.

3.3 India

Pomegranate is among the most cultivated fruit
species in India; production has risen tremen-
dously in recent years so that India has become
the world's leading pomegranate-producing
country followed by Iran (https://numerical.co.
in). Pomegranate was probably first spread from
Iran to the Indian peninsula more than 2000

EBSCChost - printed on 2/13/2023 12:34 PMvia .

years ago (Holland et al., 2009) or much earlier.
Nowadays, pomegranate is cultivated in most
states of the country, and there are at least 14
repositories for pomegranate accessions located
in different areas (Holland and Bar-Ya'akov,
2008). More common in India is the dry—wet
tropical climate, significantly drier than the
tropical monsoon climate, it prevails through
the interior peninsular territories.

India has surpassed Iran in terms of both
cultivated area and production in the past few
years. According to recent data (https://nu-
merical.co.in), nearly 2.8 million t of pome-
granates on 220,000ha were produced in
2018 (Fig. 3.3, Fig. 3.4), because of the con-
siderable increase in planted orchards in the
past few years. Despite the massive production,
Indian pomegranates are mainly consumed in
local markets, and only 7% of total production
is exported. Major importers are: the United
Arab Emirates (UAE), the Netherlands, the
UK, Russia, Saudi Arabia and Bangladesh. The
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Fig. 3.3. Pomegranate production in India between 2012 and 2018. (Source: Horticulture Statistics
Division, Department of Agriculture, Cooperation and Farmers Welfare.)

export period mainly falls in January—February =~ minimum of 20.5°C and a maximum of 33.7°C,
(Holland et al., 2009). with an average of 27.1°C; the annual total pre-

In India, in the geographical areas where cipitation is 713 mm (https://en.climate-data.
pomegranate is mainly produced (Solapur), an-  org/) with no chilling hours because of the trop-
nual mean daily temperature ranges between a  ical climate (SoDa Service, 2019).
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Fig. 3.4. Pomegranate orchards in India. (Source: Horticulture Statistics Division, Department of
Agriculture, Cooperation and Farmers Welfare.)
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Fig. 3.5. Pomegranate production regions of India.

of Agriculture, Cooperation and Farmers Welfare.)

Maharashtra state (districts of Solapur,
Sangli, Nasik, Ahmednagar, Pune, Dhule,
Aurangabad, Satara, Osmanabad and Latur) is
the leading producer of pomegranate followed
by Karnataka (districts of Bijapur, Belgaum and
Bagalkot), Andhra Pradesh, Gujarat and Tamil
Nadu (Fig. 3.5).

‘Bhagwa’ is the most common cultivar
with a sweet taste, red arils and skin, and soft
seeds. Other popular cultivars are ‘Ganesh’
with yellowish-pink seeds and arils, soft seeds
and sweet taste, ‘Mridula’ with dark red arils
and skin, ‘Arakta’ with soft seeds and dark red
arils, and ‘Muskat Red’ with red skin and pink
arils. Despite the small fruit size of ‘Ganesh’ and
‘Mridula’, proper fruit thinning can increase
their size up to 350 g (Holland et al., 2009). The
cultivar Ganesh is also grown to produce juice
(Aulakh, 2004; Singh, 2004), however the light
red colour of the peel, fruit cracking, thin rind
(prone to physical damages) and low yield/tree
are all negative aspects limiting the export rate
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Lower production

(Source: Horticulture Statistics Division, Department

(Holland et al., 2009) and it is mainly used for do-
mestic consumption. The cultivars Mridula and
Bahgwa originate from crosses between Ganesh
and Gul Shah red cultivars. Pomegranate cul-
tivars in the different Indian states are shown
in Table 3.1. ‘Mridula’, ‘Bhagwa’ and ‘Ganesh’
are grown as evergreen cultivars because of the
climatic conditions in the states of Maharashtra
and Gujarat. In Karnataka state, peak harvest
season falls from February to the end of March.
The major harvest in Andhra Pradesh is from
mid-April to the end of May.

Pomegranates from India have regular
importers, with most of the production be-
ing exported to the nearby traditional markets
like the Middle East and India’s neighbours.
Pomegranate fruits are usually exported in
January—February to Europe, mainly to the
Netherlands, the UK and some eastern European
countries.
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Table 3.1. Pomegranate cultivars in the different Indian states (Source: Holland et al., 2009).

State Cultivar

Maharashtra Bhagwa, Alandi, Phule Arakta, Mridula, Ganesh, Karadi, Muskat
Karnataka Madhugiri, Bassein Seedless, Jyothi, Madhugiri, Paper Shell
Gujarat Dholka, Muskat Red, Kandhari, Ganesh

Himachal Pradesh Kandhari

Andhra Pradesh

Ganesh, Paper Shell, Muskat Red, Spanish Ruby

Chawla, Nabha, Country Large Red, Ganesh, Muskat Red, Paper Shell

Rajasthan Jodhpuri Red, Jodhpuri White, Jalore Seedless
Haryana

Tamil Nadu Velludu, Kabul Red, Yercaud 1

West Bengal Ruby, Mridula, Ganesh

3.4 China

Pomegranate has been cultivated in China for
more than 2000 years (Jing et al., 2012). China
is considered among the biggest pomegranate
producers in the world. However, despite the
massive pomegranate production in many areas
of the country, at the present time pomegran-
ate industry plays a minor role in the national
economy. Pomegranate in China is grown un-
der old-fashioned and unsuitable conditions in
many producing areas, where cultivation meth-
ods resemble traditional gardening arts rather
than efficient modern agriculture. Moreover,
pomegranate cultivation in China has to face
many other problems, such as a wide number
of homonymies, lack of efficient strategies for
the prevention of diseases and pests, lack of
optimization of fruit storage conditions and
marketing mechanisms, lack of adoption of ef-
fective traceability tools, and poor scientific at-
tention and research funding (Cao et al., 2015).
In China, in the geographical region of Sichuan
(important centre of Huili), annual mean daily
temperature ranges between a minimum of
14.8°C and a maximum of 27.1°C, with an av-
erage of 14.8°C; the annual total precipitation
is 831 mm (https://en.climate-data.org/) with
1320 chilling hours (SoDa Service, 2019).
There are no official reports for production
amount or cultivation areas; however, in 2012
the total production was estimated at 1,600,000
t over an area of 110,000 ha (Sarig and Galili,
2012). Since pomegranate can adapt to a va-
riety of climatic and soil conditions, it grows
in many regions of China, especially in the
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provinces of Sichuan, Chongging, Shandong,
Shaanxi, Anhui and Henan (Wang et al., 2010;
Sarig and Galili, 2012). Other provinces where
pomegranate is produced on a smaller scale
include Xinjiang, Hebei, Guangdong, Anhui,
Ningxia and Yunnan (Fig. 3.6). In addition to
domestic production, the fruit is also imported
from Egypt and other countries.

In China, there are many climatic differ-
ences from one region to another depending on
their topographical features. Southern regions
have a tropical climate where summer lasts all
year and vegetation is lush and always green. In
the north-eastern region of the country, sum-
mer is short and cool, and winter is hard. In the
south-west, winter is mild and summer is cool.
In the Tibetan area the climate is cold and dry.
However, most of the Chinese territory falls into
the temperate zone where the four seasons are
very distinct periods of high temperatures, with
consistent rainfall, alternating with periods of
low temperatures with low rainfall.

There are over 200 different cultivars
of pomegranate grown in China (Feng et al.,
2006), which vary from province to province
in terms of weight, colour, skin thickness, seed
hardness, sugar content and other components
affecting the taste (Sarig and Galili, 2012).
There are no reliable data on top grown cul-
tivars. However, some of the best-known cul-
tivars, along with their geographical origin,
are presented in Table 3.2 (Lihua et al., 2013).
‘Taishan Dahongshiliu’ is a well-known and
widely cultivated cultivar, first discovered and
named in 1984 in a home garden in the Taishan
Mountains of Shandong province (Shi, 1991).
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Fig. 3.6. Main pomegranate production regions in China. (Source: Sarig and Galili, 2012.)

This variety is high yielding with large, soft-
seeded fruits, which are resistant to cracking
(Mars, 2000). Despite the vast diversity of cul-
tivars, Zhang et al. (2012) reported that many
cultivars are named by local farmers, thus the
same landrace might be given different names
in different regions (synonymies), or some dif-
ferent landraces might share the same name
(homonymies). This situation urges a rapid and
efficient solution for unambiguous identification
of pomegranate cultivars in China in order to
create an accurate varietal list.

3.5 Spain

Pomegranate was first introduced in Spain by the
Phoenicians in 600 Bce. Now, Spain is the biggest
pomegranate producer and exporter in Europe
(Bartual et al., 2015), with a yield of 18.5 t/ha
(Chandra et al., 2010). In Spain, the region of
Murcia is where pomegranate is mostly cultivat-
ed. In this region, in particular, in Alicante prov-
ince, annual mean daily temperature ranges
between a minimum of 12.1°C and a maximum

Table 3.2. Most important pomegranate cultivars in different regions of China (Source: Zhao et al.,

2013).

State/region Cultivar

Bingtangshiliu, Yihongyihao, Mapicao, Lushiliu, Taishan Dahongshiliu

Tianhongmi, Heyinruanzi, Mudanhonghua, Suanhongpishiliu, Yueyuehong

Shandong

Shanxi Bairixue, Moshiliu, Mozishiliu, Yushiliu, Jingpitian
Yunnan Hongpibaizi, Qingpibaizi, Lvpisuan, Huopao, Nuoshiliu
Hennan

Anhui Dabenzi, Huohulu, Manaozi, Shuifenpi, Yushizi
Xinjiang Suanshiliu, Tianshiliu, Hongpishiliu

Sichuan Shuijingshiliu, Qingpiruanzi, Huilihongpi
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Fig. 3.7. Pomegranate production in Spain from 2006 to 2016. (Source: MAPA, 2017.)

of 24.1°C, with an average of 18.1°C; the annu-
al total precipitation is 293 mm (https://en.cli-
mate-data.org/) with 540 chilling hours (SoDa
Service, 2019). The main destination countries
for Spanish export are Germany, the UK, Italy,
Russia and France. According to official reports,
the overall production of pomegranate in Spain,
aside from a drop between 2006 and 2009, has
almost always been on the rise since 2009, with
up to 53,187 t of pomegranates harvested in

2016 (Fig. 3.7). The increase in pomegranate
production is mainly due to the establishment
of new orchards, following the increasing de-
mand of consumers for a fruit with scientifically
assessed healthy properties. The total cultivated
area, for both bearing and non-bearing or-
chards, is shown in Fig. 3.8.

Spain is located in the Iberian Peninsula
of Europe at approximately 36° N to 43.5° N.
There are different climates in the country: hot
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Fig. 3.8. Production area of pomegranate in Spain from 2006 to 2016, for bearing and non-bearing

orchards. (Source: MAPA, 2017.)
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Fig. 3.9. Pomegranate cultivation in provinces of Spain. (Source: Bartual et al., 2015.)

Mediterranean summer is the dominant climate
in the south, whereas oceanic and warm sum-
mers are the dominant climates in the north of
the country. Pomegranate production in Spain
is concentrated in Valencia and Andalusia,
and mostly in Alicante province, in particular
in the regions of Elche, Alberta and Crevillente
(Calin-Sanchez et al., 2010, Fig. 3.9). Alicante
is responsible for 84% of the pomegranate pro-
duction in the area, especially in the Bajo Segura
and Bajo Vinalopo regions (MAPA, 2011).

Since 1980 there has been a high increase
in the cultivated area, reaching the historical
peak of 3300hain 2000 and >3300 ha in more
recent years (Bartual et al., 2015). Also, pome-
granate imports have notably increased since
2002 (Melgarejo et al., 2012), reflecting the
market growth for this fruit, which is becoming
more and more appreciated by consumers.

At least 40 different cultivars have been re-
ported to be cultivated in Spain, each with specific

features (Holland et al., 2009). Two main varietal
groups of commercial interest can be identified:
the ‘Valencianas’ and the ‘Mollars’. Cultivars
within the ‘Valencianas’ group are characterized
by early harvesting period (between August and
September), sweet flavour and soft seeds. On the
other hand, the varietal group called ‘Mollars’
includes the most important cultivars, which are
characterized by excellent quality, soft seeds and
late harvesting time (between mid-September
and mid-November) (Stover and Mercure, 2007;
Melgarejo et al., 2015). Beside ‘Mollar’ and
‘Valenciana’, the more recently introduced culti-
var ‘Wonderful’ is one of the most cultivated and
well-known pomegranate cultivars for juice pro-
duction (Melgarejo et al., 2012). Other cultivars
include ‘Agria de Albatera’, ‘Agria de Blanca’,
‘Agridulce de Ojos’, Albar de Bianca’ and ‘Borde de
Albatera’, named according to flavour or skin/aril
colour (Holland et al., 2009).
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Fig. 3.10. Pomegranate trees in Turkey from 2007 to 2017. (Source: Ministry of Food, Agriculture and

Livestock of Turkey.)

3.6 Turkey

Turkey is one of the centres of origin of pome-
granate, which was initially domesticated in
the northern Transcaucasian—Caspian region
(Zohary and Spiegel-Roy, 1975; Harlan, 1992),
and then spread all over the country including
both mountainous and coastal areas (Ozguven
and Yilmaz, 2000). Due to its adaptability to
all kinds of soils and high tolerance to drought
and salinity, pomegranate is one of the major
cultivated fruits in the country, in particular in
the southern regions (Ozgiiven et al., 2015). In
Turkey, the region of Antalya is the main region
for pomegranate cultivation; here, annual mean
daily temperature ranges between a minimum
of 13.3°C and a maximum of 24.0°C, with an
average of 18.6°C; the annual total precipitation
is 1009 mm (https://en.climate-data.org/) with
886 chilling hours (SoDa Service, 2019). In re-
cent years, production of pomegranate has rap-
idly increased as a result of new orchards, use
of popular cultivars and public awakening as to
the positive effects of this fruit on human health
(Ozcani and Unaldi, 2007). Figure 3.10 depicts
the number of cultivated pomegranate trees in
2007-2017 in Turkey. However, fruits produced
in traditional orchards are not fully appropriate
for the modern market. Many old orchards have
been decommissioned, and only a few local cul-
tivars are propagated in commercial nurseries
and planted in new orchards.
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Pomegranate production in Turkey has
been increasing in the past two decades. Annual
pomegranate production in Turkey was about
445,750 t in 2015, and production has rapid-
ly increased from year to year. In 2016-2017,
465,200 t of pomegranates were harvested,
which represents a 4.1% growth compared with
2015-2016 (Turkish Statistical Institute, 2018,
www.turkstat.gov.tr). Figure 3.11 pictures the
pomegranate production trend from 2007 to
2016. Along with the increase in production,
fresh pomegranate exports also increased (from
3591 tin 2000 to 151,174 tin 2015) and they
were primarily directed to countries like Greece,
the Netherlands, Germany, Russia, Ukraine and
Bulgaria (Akcaoz et al., 2009). The favourite
cultivar of importing countries is ‘Hicaznar’
(Ozgtiven et al., 2015).

Located at 42° 06” — 35° 51’, Turkey
has eight different climates, among which
Mediterranean and cold semi-arid climates in
the west and south-west of the country are the
best suited for pomegranate growing. In Turkey,
pomegranates are harvested between September
and December, with the peak of harvest falling
between the beginning of September and mid-
November (Salgado, 2017). Today pomegranates
are cultivated in 53 of the 81 cities of the country,
prevalently in regions facing the Mediterranean
Sea (Ozcani and Unaldi, 2007) (Fig. 3.12).
Pomegranate orchards in Turkey are mostly lo-
cated in the Mediterranean, Aegean, south-east
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Fig. 3.11. Pomegranate production of Turkey from 2007 to 2016. (Source: Ministry of Food, Agriculture

and Livestock of Turkey.)

Anatolia and Marmara regions, with 59.5%,
25.6%, 10.5%, and 2% of the total production, re-
spectively (Kurt and Sahin, 2013). South-eastern
regions of the country do not have suitable condi-
tions for commercial production, because of the
rainy and snowy climate, which is too cold in win-
ter (Ozguven and Yilmaz, 2000).

The Mediterranean region has a rich
pomegranate genetic diversity useful for breed-
ing programmes. However, in recent years,

Marmara

Aegean

Mediterranean region

pomegranate resources have suffered deep ge-
netic erosion due to vulnerability to biotic and
abiotic stresses and loss of agricultural land
due to intensive urbanization of the country
(Caliskan and Bayazit, 2012). In Turkey, pome-
granates are used as either fresh fruit and juice
or to produce value-added products such as
syrup, vinegar, citric acid, dye, medicine and
concentrated solutions (Ozkan, 2003, Ozkan,
2003). Processed pomegranates are becoming

Black sea region

East Anatolia

Higher production

Southeast Anatolia

Lower production

Fig. 3.12. Pomegranate-producing regions in Turkey. (Source: Kurt and Sahin, 2013.)
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more popular and their production is report-
ed to have increased by 150% in the past few
years (Akdag, 2009; Yiicel, 2010; Ministry of
Economy, 2013).

The suitable ecological conditions of Turkey
allow a wide number of pomegranate cultivars
to grow all over the country, varying in terms of
taste, acid level, seed hardness, skin colour, etc.
Local landraces are numerous and very useful
for some of their characteristics such as resist-
ance to diseases, pests, cold, drought, and other
biotic and abiotic stresses. Most of the Turkish
cultivars are sweet-sour, and red coloured (Janic,
2009). ‘Cekirdksiz’, ‘Ernar’, ‘Hatay’, ‘Hicaznar’,
‘Fellahyemez’, ‘Izmir 1’, ‘Tzmir 1264, ‘Tzmir
1265, ‘TJanarnar’, ‘Katrbas’ and ‘Lefan’ are the
most frequently grown commercial cultivars
(Ozguven et al., 2006). ‘Hicaznar’, which is char-
acterized by sweet-sour taste and hard seeds, is
the most common cultivar (Holland et al., 2009)
followed by ‘Lefan’, ‘Janarnar’ and ‘Izmir’.

3.7 Afghanistan

Agriculture represents the second main source of
Afghanistan income (Surgul, 2016). However, it
is still managed by old-fashioned techniques re-
sulting in low-quality fruits and quantity yields.
Fruit trees cover 9% of total agricultural pro-
duction, and 2% of the cultivated fruit species is
represented by pomegranates (Fitrat and Verma,
2014). In the area of Kandahar, where pome-
granate is a very important crop, annual mean
daily temperature ranges between a minimum
of 10.2°C and a maximum of 27.5°C, with an
average of 18.8°C; the annual total precipita-
tion is 176 mm (https://en.climate-data.org/)
with 1346 chilling hours (SoDa Service, 2019).
Pomegranate in the Chinese language means
‘fruit of Kabul’, which points to Afghanistan as
the region of origin of this fruit (Holland et al.,
2009). In Afghanistan the climate is generally
arid continental, with cold and relatively rainy
winters (with a rainy peak in spring), and hot,
sunny summers.

An FAO survey in 2003 estimated the total
pomegranate production area of Afghanistan
to be about 2500ha, which is now claimed to
have almost quadrupled according to official re-
ports. Current pomegranate production is now
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Fig. 3.13. Afghanistan pomegranate cultivation
area. (Source: FAO survey 2003, Afghanistan
Ministry of Agriculture, Irrigation and Livestock.)

growing, whereas between 1996 and 2003 pro-
duction rate fell to less than half because of both
unstable political conditions and drought sea-
sons, which caused a strong decrease in pome-
granate cultivation (Fig. 3.13).

According to the Agriculture Ministry of
Afghanistan, total pomegranate production
was 99,871 t in 2016, cultivated on 9721 ha.
Recent data report production of 150,000 t for
2018 with an increasing production year af-
ter year (Edgardo Giordani, unpublished data).
Kandahar, with 72,100 t of fruits, ranks first
in the top-producing provinces, followed by
Kapisa, Urozgan and Farah with 7200, 5590
and 4480 t, respectively. Balkh with 3174 t
and Helmand with 1986 t are other impor-
tant provinces for pomegranate production in
Afghanistan (Fig. 3.14). Production amount
and planted area of provinces are shown in
Table 3.3. Other provinces where pomegranate
is cultivated are Samangan, Nemroz, Wardak,
Ghazni and Paktika (Finetto, 2011). The prov-
ince of Kandahar was responsible for about 72%
of the pomegranate production and half of the
cropping area in 2016. Pomegranate has always
been a very important crop in Afghanistan,
ranking fifth after grape, almond, apricot and ap-
ple in terms of cultivation area and production
amount, as it fits very well the environmental
conditions of the country, which are the best for
fruit development and ripening. Pomegranate
harvesting season in Afghanistan starts from
summer and lasts until autumn (Surgul, 2016).
The southern areas of Afghanistan are sub-
tropical zones with arid and semi-arid climates
providing the best conditions for pomegranates
to thrive. Afghanistan produces over 48 of the
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Fig. 3.14. Top pomegranate-producing provinces of Afghanistan with more than 500 t of production in

2016. (Source: Agricultural Ministry of Afghanistan.)

world’s best cultivars; in fact, Surgul (2016)
named it ‘the country of pomegranate fruit'.
There are different pomegranate cultivars
grown in the various provinces of Afghanistan.
Nangarhar is responsible for the production of
79 cultivars, and Kandahar for 54 (Fitrat and
Verma, 2014). Most cultivars are sold in local
markets, whereas only 5% of pomegranate pro-
duction is destined for export to countries such
as Pakistan, India, the UEA, Saudi Arabia and
the USA (Finetto, 2011). Out of 48 commercial-
ly grown cultivars in Afghanistan, 20 are sweet
tasting, 17 sweet-sour and 11 sour (Fitrat and
Verma, 2014). Finetto (2011) lists ‘Kandahari’
and ‘Bedana’ as two of the most important culti-
vars of the country.

3.8 Egypt

In ancient Egypt, the pomegranate tree was
considered a symbol of life-giving forces of
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fertility, and the fruits were used in traditional
medicine (Shaheen et al., 2016). The most popu-
lar pomegranate cultivars in Egypt are ‘Baladi’
and ‘Wonderful’. The cultivar ‘Baladi’ is dark red
inside, and lighter red on the skin. ‘Wonderful’
is grown extensively in particular in the newly
reclaimed areas. Pomegranate is mostly culti-
vated in upper Egypt, especially in Assiut. In this
area, annual mean daily temperature ranges be-
tween a minimum of 15.1°C and a maximum of
30.2°C, with an average of 22.6°C; the annual
total precipitation is almost insignificant with
2—6mm (https://en.climate-data.org/) and 289
chilling hours (SoDa Service, 2019). The har-
vesting season starts from September and reach-
es its peak by the end of the year. In Egypt there
are three types of climate: the Mediterranean
climate of the northern coast, desert climate
in the central and southern inland areas, and
the climate of the Red Sea coast, which is also
desert but a little milder. Although the environ-
mental conditions of some areas of Egypt are
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Table 3.3. Pomegranate production in different
provinces of Afghanistan in 2016 (Source:
Agricultural Ministry of Afghanistan).

Province Production (t) Area (ha)
Total 99,871 9721
Kapisa 7200 600
Parwan 600 100
Nangarhar 450 30
Laghman 70 14
Baghlan 36 12
Paktika 480 80
Khost 100 20
Nooristan 300 50
Badakhshan 360 89
Takhar 990 165
Balkh 3174 1764
Ghor 0 170
Daykundy 400 50
Urozgan 5590 430
Zabul 960 160
Kandahar 72,100 4825
Helmand 1986 662
Herat 595 180
Farah 4480 320

suitable for pomegranate cultivation, fruits pre-
sent problems of low quality caused by cracking,
sunburn, lack of internal colouring, and some
fungal and pest infestation. Egyptian pomegran-
ates are mainly exported to Canada and Russia,
apart from local consumption.

3.9 United States

Pomegranate was first introduced in the USA by
Spanish settlers in 1769 (Arena et al., 2000).
The USA is known as one of the most important
pomegranate-producing countries. However,
there is little official information on the pro-
duction amount. According to a census in
2017, pomegranate was cultivated in 13,308
ha in 2012, which represented a 34% growth
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compared with 2005 when there were 9921 ha
on 599 pomegranate farms.

Most pomegranate cultivation is located in
California, with 13,041 ha, followed by Texas,
with only 93 ha. The climate of California dif-
fers from one location to another depending on
the latitude. It is Mediterranean on the south-
ern coast, and temperate along the northern
coast. Fresno and Kern Counties are the main
pomegranate production areas in California.
In the county of Fresno, annual mean daily
temperature ranges between a minimum of
9.3°C and a maximum of 24.6°C, with an av-
erage of 16.9°C; the annual total precipita-
tion is 272mm (https://en.climate-data.org/)
with 819 chilling hours (SoDa Service, 2019).
Pomegranate-producing states of the USA are
presented in Fig. 3.15. In 2012, about 90% of
pomegranates were produced in California with
282,817 t and a yield of 26 t/ha (California
County Agricultural Commissioners’ Reports)
with a value of US$115.4million (California
Department of Food and Agriculture, 2018).
California exports its pomegranates to Japan,
South Korea and Australia, but the largest im-
porter is Canada. On average, exports amount to
1-2 million boxes (www.fresh plaza.com).

There is a relatively limited number of
pomegranate cultivars in the USA. ‘Wonderful’
is the most important and -cultivated one
(Holland and Bar-Ya’akov, 2008), which was
introduced in Florida in 1896 (Levin, 2006).
The fruit is large with red arils, sweet-sour
taste and semi-hard seeds. The external ap-
pearance of the fruit is very appealing with a
glossy red colour. The several Israeli landraces
of ‘Wonderful’ are either ‘Wonderful’ seedlings
(most likely) or sports. However, the American
‘Wonderful is genetically distinguishable from
any of the Israeli ‘Wonderful’ landraces by us-
ing molecular markers (Giancaspro et al., 2017).
The American ‘Wonderful’ fruit is much harder
and less prone to mechanical aril extraction
than the Israeli landraces, but these differ-
ences could reflect variations in growth and
climatic conditions. ‘Wonderful’ landraces are
also grown in Western Europe and Chile and
in countries where new orchards have been es-
tablished (Stover and Mercure, 2007). Many
new commercial cultivars were introduced in
the USA during the 20th century, but none of
them could be a replacement for ‘Wonderful’
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Fig. 3.15. States producing pomegranate in the USA. (Source: NASS, 2014.)

for the production of juices (Holland and Bar-
Ya'akov, 2008). Among these newly released
cultivars there are: ‘Early Wonderful’, which rip-
ens 2 weeks earlier than ‘Wonderful’; ‘Granada’,
with dark red peel that ripens 1 month earlier
than ‘Wonderful’; ‘Eversweet’, with soft and
sweet pale pink arils; Ambrosia’, with very large
fruits (Holland et al., 2009; www.bayflora.com/
pomegranates.html), ‘Eve’, with red large late-
ripening fruits; and ‘Sharp Velvet’ and ‘Sweet’,
with dark burgundy skin and arils, along with
compact forms of trees (Holland et al., 2009).

Other cultivars grown in California to a
smaller scale are ‘Balegal’, ‘Cloud’, ‘Fleishman’,
‘Crab’, ‘Francis’, ‘Green Globe’, ‘Home’, ‘King’,
‘Phoenicia’ and ‘Utah Sweet’ (California Rare
Fruit Growers, 1997). Also, several ornamen-
tal pomegranate cultivars, such as ‘California
Sunset’, are sold in the USA. At least two origi-
nated in Japan and include the ‘Double Flower’
cultivars: ‘Nochi Shibori’ and ‘Toyosho’, ac-
cording to the Davis repository list (USDA,
2007). As well as California, pomegranate
breeding has been recently initiated in Florida
in order to increase the number of pomegran-
ate cultivars available for cultivation in the
USA (Holland and Bar-Ya’akov, 2008).
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3.10 Azerbaijan

Pomegranate is one of the three most important
fruit crops in the Republic of Azerbaijan, along
with apple and grape, and is grown for both do-
mestic consumption and export. Azerbaijan is
the origin place of several plant species because
of its exceptional climate and edaphic factors, in
addition to its very favourable geographical posi-
tion. Located at the boundary between the tem-
perate and subtropical belt, Azerbaijan has nine
types of climates (Khalilov et al., 2015). Given
such a variety of climatic conditions, Azerbaijan
enjoys a vibrant vegetation cover (Hajiyeva
et al., 2018) and a huge variety of pomegranate
accessions. The area that accounts for the high-
est pomegranate production is Goychay, known
also for a pomegranate festival. In this region,
the annual mean daily temperature ranges be-
tween a minimum of 9.5°C and a maximum of
19.8°C, with an average of 14.7°C; the annual
total precipitation is 449 mm (https://en.cli-
mate-data.org/) with 1904 chilling hours (SoDa
Service, 2019). According to the Azerbaijan
State Statistical Committee, a total of 156,797
t of pomegranates grown on 22,627 ha was
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Fig. 3.16. Increase in pomegranate production from 2000 to 2017 in Azerbaijan. (Source: .)

recorded in 2017, which showed an 8% in-
crease compared with 2016. The peak of pro-
duction dates to 2015 with 158,101 t, followed
by a relatively significant drop to 145,104 t in
2016, despite the expansion of the areas of cul-
tivation. Azerbaijan is divided into ten economic
regions, each containing several cities. Except
for a very few cases, pomegranate production in
all the regions and cities has always been on the
increase in the past decade. Figure 3.16 shows
the production trend over the past 18 years and

Fig. 3.17. depicts the areas dedicated to pome-
granate cultivation.

The majority of orchards are located in the
Aran region, the largest of the 10 economic dis-
tricts, with a surface of 23,375km?. This region
consists of 18 cities located either at or under
sea level, where the summers are hot, and win-
ters are mild (Fig. 3.18; Nazarov, 2011). Some
of these cities are Goychay, Ujar, Kurdmair,
Hajigabul, Sabirabad, Saalty, Agdash, Agjabedi,
Bilasuvar, Salyan, Goranboy and Shamdkir,
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Fig. 3.17. Areas (ha) for pomegranate cultivation in Azerbaijan from 2000 to 2017. (Source: The State
Statistical Committee of the Republic of Azerbaijan, 2017.)
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Fig. 3.18. Main provinces in Azerbaijan dedicated to pomegranate cultivation. (Source: R98.)

which possess a total area dedicated to pome-
granate cultivation larger than >400ha. The
reason for such large pomegranate production
lies in the excellent soil composition and the
unique microclimate. Goychay district is the
main pomegranate production area, with 67
different cultivars and 30% of the total pome-
granate harvest, followed by Ganja-Gazakh and
Daghlig Shirvan. The Aran region accounts for
78% of the total production and 72% of the or-
chards. The economic district of Ganja-Gazakh
consists of 11 cities, nine of which are involved
in pomegranate production, ranking second
with 16,463 t (10% of the total domestic pro-
duction). The best-producing city is Shakmir,
with 7930 t and 455 ha of orchards.

The third greatest pomegranate producer
region in Azerbaijan is Daghlig Shirvan, which
accounts for 6.5% of the total domestic produc-
tion while owning 13% of the pomegranate or-
chards. All the remaining regions play a minor
role in the pomegranate industry of the country
(Fig. 3.18.). Kalbajar-Lachin is the only region
with no pomegranate production. The average
production in the whole country is 7.4 t/ha.

Cultivars ‘Gulovsha’, ‘Vesel’, ‘Shandi’,
‘Shirin’, ‘Girmizigabig’, ‘Vilash’ and ‘Bala
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Mursal’ are the most widespread in Azerbaijan
(Hajiyeva et al., 2018). Vilash is the most inter-
esting among these cultivars in terms of cold
storage and resistance to damage during trans-
port. However, for the further development of
pomegranate production, attempts to introduce
new cultivars and to establish modern orchards
are being taken (www.freshplaza.com).

Azerbaijani pomegranates are widely ex-
ported to Russia, Georgia and Ukraine, where-
as export to European countries is very low.
The export revenues for 2017 amounted to
US$10million.

3.11 Tunisia

Pomegranate was introduced to Tunisia at the
time of the Phoenicians as in Spain. Tunisia
is located at 34°00" N, 9°00" E and enjoys a
warm desert climate in almost 8 5% of the coun-
try. The climate is Mediterranean, with mild,
rainy winters and hot, sunny summers on the
northern coast, while it is semi-desert or de-
sert in inland areas. Pomegranate is cultivated
throughout Tunisia except in the regions that
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Fig. 3.19. Pomegranate-producing regions and
cities in Tunisia. (Source: Mansour et al., 2011.)

can face possible frost damage to trees (Mansour
et al., 2011). In Tunisia, the area surrounding
Gabes is very important for pomegranate pro-
duction and here the annual mean daily tem-
perature ranges between a minimum of 14.2°C
and a maximum of 24.6°C, with an average
of 19.3°C; the annual total precipitation is
177mm (https://en.climate-data.org/) with
330 chilling hours (SoDa Service, 2019). Main
production is achieved in the oases of Gabes and

Gafsa in southern Tunisia, Cap Bon in the north,
Kairouan, Sidi Bouzid and Mahdia in the centre,
and Sousse and Bizerte on the coast. Gabes is the
first producing region with 30,000 t of fruits
over an area of about 3000 ha, including more
than 1.5 million pomegranate trees, with a total
of 5million pomegranate trees all over the coun-
try. This region accounts for about 37% of total
domestic production. Here, pomegranates are
grown with date palms, which help pomegran-
ate trees to grow much better by providing shade
that reduces air dryness and prevents tree dam-
age (Hafez Hamid, 2016, personal communica-
tion). A pomegranate festival is held annually
in the Qatana region, located in the south-east
of Tunisia and 500 km away from Gabes, which
attracts a considerable mass of visitors with the
attempt to exhibit different uses of pomegran-
ates and show cultural aspects of this fruit.
Top-producing cities and regions of Tunisia are
illustrated in Fig. 3.19.

There are no official estimates for pomegran-
ate production; however, unofficial statements
indicate a reduced production until a few years
ago. Production was estimated to be 74,000 t in
2012, with an increase of 2.7% compared with
2011. 2010 was the least productive year, with
67,000 t. From 2008 to 2010, about 6% of the
production was exported, whereas this amount
dropped to 1.7% in 2011 and 1.9% in 2012
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Fig. 3.20. Pomegranate production and export in Tunisia from 2008 to 2012. (Source: Freshplaza,

2013))
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Fig. 3.21. Main pomegranate production provinces in Morocco. (Source: Walali et al., 2003; Oukabili,
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(Fig. 3.20). Importing countries are Libya, with
44% of the exported share; France with 20%;
Italy with 8%; Kuwait with 8%; Qatar with 8%;
Algeria with 5%; the UAE with 4%; Saudi Arabia
with 2%; and Sweden with 1%. The estimated to-
tal area of cultivation was 5000hain 2012 (Mars
and Marrakchi, 1999), which was more than 2.5
times the production area compared with 1980.
Tunisian pomegranates are harvested in a
period of 4 months ranging from September to
late December, depending on the variety; the
majority is usually sold in local markets (Mars
and Marrakchi, 1999). Tunisian citizens con-
sume pomegranates as fresh fruit or process
them into juice, jam and syrup. Medicinal use
(Zouaoui and Zouaoui Skandrani, 1992) is an-
other traditional way of consuming the fruit
along with use for making cakes, wine, drinks

and fragrances (Aviram and Dornfeld, 2001).
There are about 15 different cultivars of pome-
granate spread across the country. Almost all
the pomegranate cultivars are sweet-tasting:
‘Gabsi’, ‘Tounsi’, ‘Zehri’, ‘Chefli’, ‘Mezzi’, ‘Jebali’,
‘Garoussi’, ‘Kalaii’, “Zaghouani’, Andalousi’ and
‘Bellahi’ (Mars and Marrakchi, 1999). Other
minor cultivars are ‘Beyounsi’, ‘Florepleno’,
‘Panache’, ‘Gabsi Khadouri’, ‘Garoussi Sahel’
and ‘Nabil’ (Holland and Bar-Ya’akov, 2008).

3.12 Morocco

Pomegranate cultivation has noticeably in-
creased in the past few years in Morocco, and tra-
ditional plantings have been improved towards
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a more commercial cultivation (Haddioui and
Valero, 2012). However, official statistics are
not yet available. Use of drip irrigation systems
has greatly contributed to the increase in pome-
granate cultivation and improvement of fruit
quality (Regional Directorate of Agriculture).
At the same time, market demand has also risen
following consumers’ awareness of its benefits
for human health (Martinez et al., 2006; Cam
et al., 2009). However, despite the increasing
demand for and production of this fruit and its
important role among other crops, there is still
little research and funded scientific investigation
(Legua et al., 2012a).

The total pomegranate planted area in
Morocco accounts for 5823 ha, with a pro-
duction of 64,656 t of fruits, showing a 25%
increase in area and 11% increase in produc-
tion amount compared with the 5 years be-
fore (4625ha, 58,000t) (Hmid et al., 2018).
Recent data for pomegranate cultivation report
an area of 5000ha and production of 58,000
t (Freshplaza, 2018) Most of the pomegran-
ate fruits are consumed in local markets and
only a minor part (0.5%) is destined for export.
The fruits are either consumed fresh or pro-
cessed into juice (Haddioui and Valero, 2012).
Morocco, located at 31.7917° N and 7.0926°
W, overlooks the Mediterranean Sea in the north
and the Atlantic Ocean in the west. Important
pomegranate orchards are located in the area of
Beni Mellal, where the annual mean daily tem-
perature ranges between a minimum of 10.3°C
and a maximum of 26.3°C, with an average of
18.3°C; the annual total precipitation is 493 mm
(https://en.climate-data.org/) with 971 chilling
hours (SoDa Service, 2019). Suitable climates
are the main reasons for the cultivation of this
species in Morocco. The northern regions of
the country have warm Mediterranean climate,
while warm-desert climate lies in the southern
regions. The main pomegranate production ar-
eas are concentrated in the northern regions of
the country (Haddioui and Valero, 2012). Beni
Mellal, Marrakesh, Settat, Nador, Fez, Taounate,
Meknes and some southern oases are the most
important producing provinces in which pome-
granate represents a major economic product
(Walali et al., 2003; Oukabli, 2004; Fig. 3.21.).
Tadla (a town in Beni Mellal province) has an-
nual production of 29,094 t on a cultivated
surface of 1400ha, showing a yield average of
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Table 3.4. Pomegranate cultivars (and cultivation
regions) of Morocco (Source: Haddioui and Valero,
2012).

Sweet varieties

Sour varieties

Sefri (Beni Mellal) Wonderful
Kharaji (Bzou) Negro
Mesri (Meknes) Monstruoso

Laroussi (Fez)
Zheri

20t/ha, which is almost twice the overall yield
of the whole country (Maghres News, 2010).
In Morocco, pomegranate harvest season falls
in November until the end of February (Tridge,
2018, www.tridge.com).

Despite the lack of proper classification,
there are several cultivars, some of which share
the same name (homonymies). These cultivars
are named due to the shape of the fruit, col-
our of the skin or growing zone (Haddioui and
Valero, 2012). Moroccan pomegranate cultivars
are usually classified into two groups: sweet and
sour pomegranates. Sweet cultivars are con-
sumed fresh, while sour ones are usually pro-
cessed for juices (Haddioui and Valero, 2012).
Table 3.4 shows the two groups of cultivars
along with their cultivation regions. Some of the
cultivars grown in Morocco are ‘Sefri’, ‘Ruby’,
‘Rouge Marrakech’, ‘Jaune Marrakech’, ‘Ounk
Hman’, ‘Bouaadime’ (Legua et al., 2012b),
‘Jaibi’, ‘Kharazi’ (Maghres News, 2010), ‘Gjeigi’,
‘Grenade Jaune’, ‘Gordo de Javita', ‘Djeibali’,
‘Dwarf Ever Green’ and ‘Onuk Hmam’ (Holland
and Bar-Ya'akov, 2008).

3.13 Iltaly

Pomegranate is not among the main fruit crops
in Italy and in 2009 only 9 ha of orchards
were under cultivation. Compared with olive,
table grape, sweet cherry, peach, apple and
pear, which are important crops of the coun-
try, pomegranate production is still very low.
However, in the past few years, the growing
interest of consumers in this healthy fruit and
the opportunity to diversify the offer of fruits
on the market has stimulated the establishment
of pomegranate orchards. For 2019, statistical
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data report a productive area of 1033 ha (1234,
including non-bearing areas) with a total har-
vested production of 13,956 t of fruits (National
Institute of Statistics, 2018, http://dati.istat.it/).
This product is used for the local market and be-
cause of the still low production, exported only
in small amounts. Therefore, the local Italian
market is supplied with pomegranates import-
ed from countries like Iran, Turkey, Israel and
Spain, and from the southern hemisphere in
winter—spring. However, in recent years there
has been a growing demand for domestic pro-
duction and attention for this fruit, given the
increased consumer awareness of its healthy
properties and nutraceutical virtues (Cristofori
et al., 2011; Ferrara et al., 2011, Ferrara et al.,
2014). Apart from the statistical data reported
above, the area dedicated to pomegranate or-
chards is increasing year after year, in particular
in regions of southern Italy.

Italy is located south of the temperate belt
of the boreal hemisphere and enjoys a wide

variety of climates, ranging from temperate con-
tinental in the north to warm Mediterranean in
the centre, and warm dry Mediterranean in the
south. The southern and insular regions are the
ideal areas for the growth of pomegranate trees
as they enjoy long, hot and dry summers, and
mild, rainy winters. Main producing regions
are Sicilia, Puglia, Veneto and Lazio, with 371,
258, 210 and 61 ha, respectively (National
Institute of Statistics, 2018). In Italy, an impor-
tant area of pomegranate cultivation is in the
Puglia region, in particular in Taranto prov-
ince (Palagiano). In this area the annual mean
daily temperature ranges between a minimum
of 11.9°C and a maximum of 20.5°C, with an
average of 16.2°C; the annual total precipitation
is 445mm (https://en.climate-data.org/) with
636 chilling hours (SoDa Service, 2019). All the
producing regions are shown in Fig. 3.22, along
with their production. Puglia region is becoming
the leading region for pomegranate cultivation
and processing both in terms of increased areas

Lombardia Veneto
8 ha = 210 ha
110t = ~ 3702t

Emilia-romagna
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Fig. 3.22. Pomegranate area (ha) and production (t) in regions of ltaly. (Source: Istat, 2020.)

Al use subject to https://ww.ebsco.conlterns-of-use


http://dati.istat.it/
https://en.climate-data.org/

EBSCChost -

80 G. Ferrara et al.

of cultivation and presence of modern process-
ing facilities for producing juices, ready-to-eat
arils and other products (Giuseppe Ferrara, un-
published data).

The pomegranate harvesting period in Italy
falls between September and December; howev-
er, with plantations of early ripening cultivars,
along with the utilization of new cooling storage
facilities and micro-perforated films, growers
can supply the market at almost any time of the
year, counting on the 4-5-month shelf-life pe-
riod (Giuseppe Ferrara, unpublished data).

Pomegranate diffusion in Italy, and in par-
ticular in Puglia, dates back to the 3rd to 4th
century BcE as indicated by the famous tomb of
the pomegranate at Egnazia. Moreover, pottery
representing pomegranate fruits in tombs (4th
to 2nd century Bck) or floor mosaics in Roman
villas testify to the diffusion and importance of
this fruit tree in Puglia before and during the
Roman Empire (Giancaspro et al., 2017).

There are various pomegranate landraces/
cultivars but many of them with a very limited
presence (Ferrara et al., 2014). The most impor-
tant cultivar before the establishment of modern
pomegranate orchards was ‘Dente di Cavallo’,
sweet tasting with a yellowish-pink skin and
pinky arils with hard seeds, which has differ-
ent landraces in various regions of the country
similarly to ‘Wonderful’ in the USA and Israel.
In the new modern orchards, the most com-
monly grown pomegranates are ‘Wonderful’,
‘Wonderful One’, Akko’, ‘Shany’, ‘Emek’ and
‘Hicaz’, whereas local cultivars such as ‘Dente
di Cavallo’, ‘Neirana’, Acido’ and many others
are cultivated as only a few trees in small or-
chards. Pomegranate fruits are consumed fresh
and as juice; recent uses include marmalade,
ice creams, liquors, cakes, cookies, etc. In order
to offer new cultivars, a breeding programme
was started at the University of Bari ‘Aldo Moro’
in 2018 using either international or local
cultivars.

3.14 Greece

Greece is a country in the Mediterranean basin
where pomegranate is one of the oldest cultivat-
ed fruit species (Tsagkarakis, 2012). Greek cul-
ture is deeply influenced by pomegranate fruit,
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where it is referred to as a symbol of life and
prosperity, bringing fertility, welfare and happi-
ness (Hoza and Plisiotis, 2010). This fruit is also
used in different celebrations like weddings and
New Year ceremonies. Moreover, some special
cultivars, bearing beautiful flowers, are used as
ornamental trees. Until recently, pomegranates
have been used exclusively as fresh fruits or for
making home-made derived products (Hoza and
Plisiotis, 2010). The pomegranate industry has
been rising only since scientific reports of its
beneficial health effects began to be published
(Thomidis, 2014). Greece is located at 35-41.5°
N and 19.5-26.4° E, facing the Mediterranean
Sea in the south. There are nine different cli-
mates in the country, among which the warm
Mediterranean is characteristic of most regions
of the country and all the Aegean islands, pro-
viding suitable conditions for pomegranate
growing. In Greece, pomegranate orchards can
be found in the southern part of the country
(Peloponnese, plain of Skala) where the annual
mean daily temperature ranges between a mini-
mum of 14.0°C and a maximum of 22.0°C, with
an average of 17.9°C; the annual total precipita-
tion is 608 mm (https://en.climate-data.org/)
with 400 chilling hours (SoDa Service, 2019).

According to the Greek Ministry of
Agricultural Development and Food (2018),
total pomegranate cultivation increased from
202ha in 1994 to 8093 ha in 2011; however,
domestic production does not meet the market
demand, which has to be supplied by imported
pomegranates from Turkey and Spain (Hoza
and Plisiotis, 2010). The Aegean islands, Crete,
Peloponnese, central Greece and Macedonia
regions are the major producing areas in the
country (Pontikis, 1987). Since 2007, new
areas have been dedicated to pomegranate
cultivation, including land in Thessaloniki,
Kavala, Rodopi and Serres (Tsagkarakis, 2012,
Fig. 3.23). Depending on the cultivar, matura-
tion and harvesting time might differ; however,
Greek pomegranates are generally harvested be-
tween September and October.

There is a very large number of local cul-
tivars grown across the country; however, in
recent years ‘Wonderful’ has replaced most of
them, becoming the most cultivated all over
the country (Drogoudi et al., 2012). Some of
the other local cultivars are ‘Glykies Pometi’,
‘Karavelos’, ‘Dill’, ‘Rhododendron’, ‘Chiprodija’,
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Fig. 3.23. Pomegranate production provinces of Greece. (Source: Tsagkarakis, 2012.)

‘Coarse Grass' (‘Kambadiko’), ‘Vassilios’, ‘Fur’,
‘Xhorodrodia’  (‘Agrokabatika’),  ‘Ermioni’,
‘Politika’, ‘Glykia’, ‘Patras’, 11010, 11015 and
11041 (Stamatia, 2017). The majority of these
cultivars have red skin colour, sweet taste and
medium-hard seeds.

3.15 Israel

Pomegranate was introduced for the first time
in Israel from Iran and has been grown in this
country for thousands of years. Due to the deco-
rative value of pomegranate in Israel, the exter-
nal appearance of this fruit is the main factor for
selection; hence, colour and size are prioritized
over the edible characteristics. Red skin, nice
crown and sweet pink-red arils with a pleasant
aroma and soft seeds are appreciated traits for
a favourable pomegranate cultivar (Blumenfeld
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et al., 2000). The coincidence of pomegranate
ripening period and the beginning of Jewish
New Year has led to a wide use of this fruit for
decorative and blessings purposes in related
ceremonies, along with providing edible juice
and fruit (Rymon, 2015). The publication of a
revolutionary paper on the positive effects of
pomegranate juice on human health by Aviram
et al. (2000) stimulated a wide expansion of
pomegranate orchards in response to a con-
siderable increase of market demand (Rymon,
2015). According to the Israeli Department of
Information, 66,500 t of pomegranates were
produced in Israel in 2017, representing a mi-
nor increase in production compared with 2016
(Fig. 3.24). The total cultivated area dedicated
to commercial pomegranates is about 3000 ha
(2500 bearing). In Israel, in the region of Negev,
with semi-arid climate, the annual mean daily
temperature ranges between a minimum of
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Fig. 3.24. Pomegranate production in Israel between

Statistics of Israel, 2018.)

13.1°C and a maximum of 25.5°C, with an av-
erage of 19.3°C; the annual total precipitation
is 229 mm (https://en.climate-data.org/) with
386 chilling hours (SoDa Service, 2019).
Export of pomegranates from Israel has
significantly increased in the past few years, tri-
pling between 2010 and 2015. In 2013, half of
total production was exported, while 20% was
used for industrial processing, and the remain-
ing part was sold in the local market for fresh
fruit consumption and ready-to-drink juices
(Rymon, 2015). Export destination countries
include Western and Central Europe (mainly the
European Union and Switzerland, 56% of the to-
tal exports), Eastern European countries (Russia
and Ukraine, 40%) and a small percentage to
Canada, Jordan, Hong Kong and Sri Lanka (
www.israelagri.com). More than half of the
production areas are located in southern Israel
and the Negev region, both located in the warm-
desert climatic belt. Another 25% of the produc-
tion comes from Moshavot (cooperative villages)
in the Shomron region (the area around Zichron
Yaakov and the Sharon district) in the northern
West Bank. The remaining 19% of orchards
are located in the north of the country (Galilee,
Golan Heights and Hula Valley) with warm
Mediterranean climate (www.israelagri.com).
Pomegranate-ripening season in Israel starts
from August for early-ripening cultivars such
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as ‘Shany’, and from October for other cultivars
such as ‘Wonderful'.

‘Wonderful’ is the most popular and com-
monly grown cultivar in Israel, which is said
to have been imported from the USA (Atsmon,
1956). This cultivar, characterized by the hard-
ness of its seeds (Rymon, 2015) represents
two-thirds of the total production. Most Israeli
citizens originating from Western European
countries prefer sweet-sour cultivars, among
which ‘Wonderful’ is the most popular, whereas
citizens originating from Middle East countries
usually prefer non-acidic soft-seeded cultivars
such as ‘Malisi’ (Holland et al., 2009). Among
early-ripening cultivars are ‘Mule Head',
‘Shany’ and ‘Akko’ (Rymon, 2015), which are
sweet-sour and soft seeded. Other common culti-
vars grown in Israel, all with a skin colour from
light red to deep red, are the following: ‘Asmar’,
‘Ras-el-Bghil’ (medium hardness), ‘Red Lufani’
(nearly seedless), ‘Emek’ (soft-seeded), ‘Bent
Elbash’ and ‘Herskovitz’ (hard seeds), which has
a sour taste and red skin.

3.16 Portugal

In Portugal, pomegranate is cultivated in the
mountain areas of the southern region; for
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example, in Algarve it grows as a wild shrub
at the border of orchards. The climate is cool
and rainy in the north, and gradually becomes
warmer and sunnier in the south of the coun-
try; in the far south, the Algarve region has
a dry and sunny microclimate. In the region
of Algarve, the annual mean daily tempera-
ture ranges between a minimum of 12.7°C
and a maximum of 21.8°C, with an average
of 17.2°C; the annual total precipitation is
501 mm (https://en.climate-data.org/) with
241 chilling hours (SoDa Service, 2019). The
most popular cultivar in Portugal is ‘Assaria’,
and it is used to bud some wild accessions
(Miguel et al., 2004). In addition, other local
cultivars are diffused, but they are less appreci-
ated for fresh consumption because of acidity,
small arils and high skin/arils ratio, and are
used for liquor preparation sometimes mixed
with arils of Assaria’. In recent years there has
been a growing interest in Portugal in pome-
granate cultivation and new orchards have
been established with international cultivars
such as ‘Wonderful’, Akko’ and ‘Shany’.

3.17 Albania

In Albania, wild pomegranate was domes-
ticated during the Bronze Age, from the 3rd
to the 2nd millennium Bce. Albania is one of
the Mediterranean countries where the wild
ancestors of cultivated pomegranate can be
found, due to its favourable climatic and soil
characteristics. The climate is Mediterranean
on the coast with mild, rainy winters and hot,
sunny summers, while it becomes slightly
more continental inland, but it is cold only in
mountain areas. Due to the very favourable
Mediterranean and continental climate, pome-
granate grows easily in this country, showing
a substantial genetic variability, in every area
of the coast and even in colder areas, up to
altitudes of 600 m. In the local language, the
fruit is called ‘shege’; in fact, being a symbol
of beauty and prosperity, many women in
Albania are named Shege.

Pomegranates in Albania are mainly dif-
fused in the regions of Shkoder, Lezha, Durres
and Tirana down to the south of the country
in Tepelen and Gjirokastra. Wild pomegranates

grow mainly on the slopes around Shkoder
and Lezha in the north of the country, where-
as several examples of organic cultivation can
be found in many parts of the coastal area of
Saranda. In the area of Shkoder, annual mean
daily temperature ranges between a minimum
of 10.7°C and a maximum of 19.7°C, with an
average of 15.1°C; the annual total precipita-
tion is 1783.0mm (https://en.climate-data.
org/) with 1640 chilling hours (SoDa Service,
2019). In Albania, pomegranate is grown either
for fresh fruits or for processing (juices); pome-
granates are also used for the pharmaceutical
industry and as an ornamental tree especially
in dry areas, steep lands and stony soils without
irrigation.

In the past few years, many attempts have
been made to valorize the economic benefits of
this fruit, especially for export, in order to con-
tribute to the economic development of remote
areas in Albania. However, at the moment,
Albania is not competitive for pomegranate
export; a lot of work still needs to be done by
local producers to ensure the necessary qual-
ity of fruits, in order to conform to the current
consumer preferences and meet the European
Union import standards (Christie, 2007). There
are various local cultivars grown in the dif-
ferent areas of the country such ‘Devedishe’,
‘Tivarash’ and ‘Majhoshe’ grown in Shkoder,
Tirana and Gjirokastra districts. The colour of
the fruit ranges from green-yellow and sweet
taste (‘Tivarash’) to red and sweet-sour taste
(‘Majhoshe’) (Koka, 2015).

3.18 Southern Hemisphere

In the southern hemisphere, pomegranate sea-
son starts from late February and continues
until May. Considering the world production
of pomegranate, <50,000 t comes from the
southern hemisphere, where the crop is rela-
tively new to cultivation. The countries of the
southern hemisphere supply the northern hemi-
sphere market from late February to early May.
Less than 5% of total pomegranate production
is grown in the southern hemisphere, and it is
concentrated mainly in Peru, Chile and South
Africa (Fig. 3.25). Although volumes are grow-
ing rapidly from 2012 to 2018 (PPECB, 2020),
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Fig. 3.25. Growth in exports per southern hemisphere country (total tonnes) from 2012 to 2018.

(Source: PPECB, https://ppecb.com/)

there is still a long way to go before the southern
hemisphere can satisfy the demand levels com-
ing from the northern hemisphere during the
winter time.

Most of the imported pomegranates from
countries such as Peru and South Africa go
through the Netherlands for successive packag-
ing. From here, pomegranates are distributed all
over Europe, with Germany as the most impor-
tant importer together with the UK. The export
of the southern hemisphere is mainly directed to
Europe and Russia (60%), the USA and Canada
(16%), and the UK (10%), followed in small
amounts by the rest of the world (Middle East,
6%; Far East (FE) and Asia, 5%; Africa, 2%; and
Latin America, 1%) (PPECB, 2020, https://
ppecb.com/) (Fig. 3.26).

3.19 Peru

Peru is the main pomegranate producer in the
southern hemisphere. Production for national
consumption or export is concentrated in the
regions of Arequipa, Ica, Lima and Ancash. For
example, Santa Cruz, a district located in the
province of Palpa in Ica, has a tropical climate
that is optimal for the cultivation of pomegran-
ate, as it accelerates the fruit-ripening process
allowing an earlier harvest (up to 1 month)
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(www.cbi.eu). In the region of Arequipa, the
annual mean daily temperature ranges be-
tween a minimum of 6.5°C and a maximum of
22.5°C, with an average of 14.5°C; the annual
total precipitation is 75mm (https://en.cli-
mate-data.org/) with 853 chilling hours (SoDa
Service, 2019).

According to ProGranada’s producer asso-
ciation, there are around 2000 ha of orchards
dedicated to the export of fresh pomegranates
and arils, producing an annual crop of >16,000
t. Most of the Peruvian pomegranates are ex-
ported to the European market; in particular,
the Netherlands, which is the leading importer
with a 43% share, followed by Russia and the
UK, with 15 and 10%, respectively. The remain-
ing 32% of the market is divided between the
USA (7%), Canada (4%), Belgium (4%), the UAE
(3%), Saudi Arabia (3%), Hong Kong (3%) and
other countries (8%). Importing countries from
Peru are depicted in Fig. 3.27.

In the past few years, there has been a sig-
nificant increase in the production and export
of pomegranates in Peru together with other
fruits such as table grape. Exported amounts
have risen from 340 t in 2006 to 9842 t in
2014, a very impressive increase in a few
years. Pomegranate harvesting in Peru is from
February till May. Different cultivars of pome-
granate are grown in Peru; both early ripening
‘Emek’, ‘Akko’ and ‘Shany’, and late ripening
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Fig. 3.26. Destination markets (%) for southern hemisphere exports (from 2012 to 2018). (Source:

PPECB, https://ppecb.com/)
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Fig. 3.27. Peru pomegranate exports per market (2018). (Source: Simfruit, https://www.simfruit.cl/.)

such as ‘Wonderful’. ‘Wonderful’ is the most
widely planted cultivar, mainly because it has
an excellent shelf-life, lasting 60-80 days af-
ter harvesting in controlled atmosphere pack-
aging. The early-ripening cultivars (‘Akko’,
‘Emek’ and ‘Shany’) are not grown on such
a large scale due to their shorter shelf-life
(around 25-30 days).

3.20 South Africa

South Africa, with its Mediterranean cli-
mate, is optimal to allow pomegranate
production (Levin, 1995; Shwartz et al.,
2009). Temperatures can be around 30°C
in summer (December—February) and 18°C
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Fig. 3.28. Export and local market trends of South Africa’s pomegranates. (Source: POMASA, https://

www.sapomegranate.co.za/)

in winter (July—August), and the rains fall
mainly between June and August. Winters
are prevalently cold and dry. In the South
African regions that account for the high-
est pomegranate production (Western Cape)
such as the districts of Bergrivier, Wellington,
Malmesbury and Bonnievale, the annual
mean daily temperature ranges between
a minimum of 10.6°C and a maximum of
22.3°C, with an average of 16.4°C; the an-
nual total precipitation is 802 mm (https://
en.climate-data.org/) with 641 chilling hours
(SoDa Service, 2019). Under these conditions,
the fruit can develop to its best size and opti-
mal colour and sugar accumulation, with-
out splitting. Almost 80% of pomegranate
produced locally is exported to international
markets. South African pomegranate exports
increased by 193.8% from 2012 to 2017 with
a decrease in 2018 (Fig. 3.28). Most of South
Africa’s exports are directed to the European
Union and the Middle East. In particular, the
European Union accounts for 56% of all ex-
ports, while the Middle East accounts for 16%.
South Africa usually provides the European
market at the end of March, when it is the
only supplier of pomegranates to the north-
ern hemisphere (Farmer’s Weekly, 2019).

On a total area of approximately 1000 ha,
the most popular cultivars in South Africa are
‘Wonderful’ (68%), ‘Hershkowitz’" (14%) and
‘Acco’ (11%) with only a few hectares for the
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other cultivars. ‘Herschkovitz’ and ‘Akko’ are
harvested from the end of February to the end
of March. ‘Wonderful’ is harvested from early
April to early May. Some Indian cultivars such
as ‘Bagwa’ and ‘Ganesh’ are also grown in South
Africa, but on a much smaller scale. Almost 50%
of South African pomegranate orchards are
7-10 years old (Freshplaza, 2018).

The main area for growing pomegranates
in South Africa is in the Western Cape (80%)
and Northern Cape, with 932 ha of commer-
cially grown pomegranates in the country in
2018 (Fig. 3.29). The Pomegranate Growers’
Association of South Africa was established in
2009, and it is now one of the largest pome-
granate projects in the southern hemisphere,
which supply pomegranates across the globe
including to Canada, the Middle East, the
Far East and the rest of Africa (Phaleng and
Lubinga, 2018).

3.21 Chile

Pomegranate was first introduced to America by
Spanish settlers in 1769, and is now cultivated
in many parts of Chile. Chile lies between 17°
and 56° latitudes south of the Equator, at the
western side of the continent as a long and nar-
row coastal country. The central regions of the
country are characterized by a Mediterranean
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Fig. 3.29. Total pomegranate planted area (ha) in South Africa from 2012 to 2018. (Source: POMASA,

https://www.sapomegranate.co.za/)

climate with hot and dry summers and cold,
wet winters (www.britannica.com/science/
Mediterranean-climate). Pomegranate is grown
in the valleys towards the Andes chain, from
300 to 700 m above sea level, and is tradition-
ally harvested from mid-March until early May.
In Chile, pomegranate is cultivated in the region
of Coquimbo where the annual mean daily tem-
perature ranges between a minimum of 10.9°C
and a maximum of 20.6°C, and an average of
15.7°C; the annual total precipitation is 127 mm
(https://en.climate-data.org/) with 375 chilling
hours (SoDa Service, 2019).

In the past decade, the surface area dedi-
cated to pomegranate cultivation in Chile has
increased significantly from 250ha in 2007 to
1150ha in 2015 (ODEPA, 2015), mainly due
to the rise of its popularity owing to the nutra-
ceutical properties of its phenolic compounds,
including phenolic acids, flavonoids (anthocya-
nins), tannins (proanthocyanidins) and hydro-
lyzable tannins (ellagitannins and gallotannins)
(Li et al., 2015; Mphabhlele et al., 2016). The
best conditions for growing pomegranates in
Chile are in the interior of the transversal val-
leys (Andes foothills) of the northern cultivation
zones: especially the Atacama and Coquimbo
Regions, which therefore constitute 83% of the

country’s pomegranate production area. These
zones present long, dry and hot summers, high
solar irradiance, slightly colder winters and
nights than coastal regions, and dry spring
and autumn, which all favour the production
of high-quality fresh pomegranates (Franck,
2012).

The principal importers of pomegranates
from Chile are the countries of the northern
hemisphere, prevalently the USA and Russia
(Fig. 3.30). According to the Association of
Fruit Exporters of Chile (ASOEX), the pome-
granate export season in 2018 ended with 5580
t exported, 2% less than in the previous season.
The main export market was represented by
North America, with 54.7% of total exports,
followed by Europe with 42.7% (97.4% of total
exports). The Far East ranked third with 1.3%
of total exports (i.e. 73 t), Latin America ranked
fourth with only 0.8% and the Middle East got
0.6% of total exports (SimfruitSimfruit, 2020,
www.simfruit.cl).

Among the most popular pomegran-
ate cultivars grown in Chile are: ‘Ambrosia’,
‘Foothill’, ‘Smith’, Angel Red’, ‘Early Wonderful’,
‘Wonderful’, ‘Sripanya’, ‘Ruby’, ‘Rosy’, ‘Shir’,
‘Kessari’, Akko’, ‘Hershkovitz', ‘Manfalouti’ and
‘Gabsi Grenades’ (Tridge, 2018).
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3.22 Australia

Pomegranate is relatively new to Australia; in
fact, according to an unofficial report there are
only <600 ha of orchards dedicated to pome-
granate cultivation in this country, which
can hardly meet the local market demand. In
Australia, pomegranate is cultivated in the
territory of Victoria, where the annual mean
daily temperature ranges between a minimum
of 9.8°C and a maximum of 19.8°C, with an
average of 14.8°C; the annual total precipita-
tion is 666 mm (https://en.climate-data.org/)
with 814 chilling hours (SoDa Service, 2019).
Pomegranate trees have long been grown in
Australia, but they were not much destined for
commerce; rather, fruits were consumed by lo-
cal people, sold in local markets or used as orna-
mental trees. Australia has been commercially
growing pomegranates for approximately 15
years, and this commerce is operated by only
two big companies: ‘PomlLife’ in Victoria and
‘Pomegranates Australia’ in South Australia.
The reason for the rarity of pomegranate pro-
duction in Australia lies in some challenges
such as: the long distance between markets
and orchards, lack of cool storage and packag-
ing facilities, and the ‘dieback’ disease causing
yellowing and falling of the leaves and decline
of the tree (Davidson, 2014). Eccles (2009)
also mentions lack of good cultivars and low
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market demand as other reasons. Despite all
the cultivation challenges and the low produc-
tion level, pomegranate should be considered a
big potential crop for the country, taking into
consideration the increasing awareness of its
health benefits and consequently consumers’
demand (Eccles, 2009). Lately, in Australia,
there is a higher demand for pomegranate-
derived concentrated juice rather than for
fresh fruits. Juice extracted from the arils is
traditionally used to produce wine and grena-
dine, whereas the remaining waste is employed
in the cosmetic and pharmaceutical industries
(Davidson, 2014).

Pomegranate trees find the optimal cli-
mate in the Mediterranean and tropical regions.
Subtropical regions are not generally suitable for
pomegranate growing, since the harvest time
coincides with rainy season, leading to fruit
splitting and fungal diseases; however, there
are some Indian cultivars, such as ‘Ganesh’
and ‘Bhagwa’, that are partially tolerant to
such conditions and can be cultivated as ever-
green (Eccles, 2009). Pomegranate orchards
in Australia are located in south-east (South
Australia, Victoria and New South Wales) and
south-west (Perth region) of the country with
subtropical and Mediterranean climates. The
best Australian production was around 4000 t
in 2013; since then it has dropped as low as half,
but is now increasing again. The pomegranate
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market is small, but has been growing consider-
ably over the past 2—3 years.

Pomegranate orchards in the south-east
of the country are placed near the Murray-
Darling basin, which well provides the moisture
for those groves; on the other side, commercial
production in Western Australia demands a
more consistent irrigation. Regions with regular
rain during autumn and summer causing fruit
cracking are not suitable for pomegranate pro-
duction. Geraldton and Albany are other west-
ern provinces tending to commercially produce
pomegranates. Condobolin and Dareton, locat-
ed in new south Wales, along with Sunraysia,

Shepparton and Goulburn valley regions in
Victoria are also considered to be the host of the
first large-scale pomegranate plantings between
2007 and 2010 (Davidson, 2014).

Australian pomegranates are commonly
harvested between March and April (Eccles,
2009). Local markets are usually satisfied by
importing from the USA (mostly ‘Wonderful’
fruits) (Eccles, 2009). Australia encounters a
wide range of different pomegranate cultivars
differing in terms of the acid level of the arils and
hardness of the seeds, which have been lately
tested in some research centres in order to find
the most suitable for Australian conditions.
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4.1 Introduction

Pomegranate (Punica granatum L.), a fruit-
bearing deciduous shrub or small tree, is a fruit
species that has been cultivated from ancient
times and is one of the oldest edible fruits. Due to
its nutritional and pharmacological properties,
over the past few decades this fruit has become
more popular across the world. Therefore, the
number of research studies on different aspects
of this fruit crop is increasing considerably; a fact
that is obvious from the number of documents
published during recent years. Biodiversity stud-
ies and screening of the existing accessions in
different pomegranate-producing regions were
among the research activities that started at
early stages and contributed to the majority of
pomegranate studies in the leading pomegran-
ate producer countries.

4.2 Germplasm Resources and
Biodiversity

Historical evidence shows that Persia (the ancient
name for Iran, an area that spanned from Asia
Minor to India) and some surrounding areas are
the first locations of pomegranate cultivation.

According to de Candolle, Tran and its surround-
ing areas are the central origins of pomegranate
(Goor and Liberman, 1956). Vavilov believed that
this fruit tree originated in the Near East (Chandra
et al., 2010a). Levin (1994) reported that pome-
granate is native to Iran and gradually transferred
west to Asia Minor and Mediterranean Basin
countries and east to India. Goor and Liberman
(1956) stated that south-west Asia is determined
as the centre of origin of pomegranate. Wild forms
of pomegranate trees have been reported in Iran,
Afghanistan, Pakistan, Turkmenistan and north
India (Narzary et al., 2009, 2010). According
to Rechinger (1969), the natural distribution
of pomegranate trees in Iran is on the northern
coasts of Iran and also some southern domains of
the Alborz mountains range and west forests to-
wards the Balouchistan.

Based on the reports of most researchers
as well as the distribution of wild pomegranates
in the world, it seems likely that this fruit tree
originated from the Iranian Plateau and specifi-
cally somewhere around the southern parts of
the Caspian Sea. The vast distribution of natural
pomegranate forests on the shore of the Caspian
Sea in the north of Iran, and also in plain for-
ests like the forests of the Zagros mountains in
Lorestan, Kurdistan, Charmahal Bakhtiyari, Fars,
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Baluchistan and the southern domains of the
Alborz mountain range in the west and east of
Manijil and the Lushan valley confirmed this mat-
ter. Therefore, Persia is the centre of origin and
centre of diversity of this fruit tree and contains
the richest pomegranate gene pool in the world,
which can be utilized in breeding programmes.

It is estimated that pomegranate cultivation
started in prehistoric times and its domestica-
tion began in the Neolithic era in the regions of
Transcaucasia and the Caspian shores (Harlan,
1992; Levin, 2006; Still, 2006). Edible pome-
granates were cultivated and used in Persia
by 3000 Bce (Stover and Mercure, 2007).
Numerous relics and artefacts of pomegranate
have been found that are estimated to have been
created more than 5000 years ago (Goor and
Liberman, 1956; Still, 2006). The epigraphs of
pomegranate shapes exist in Persepolis, repre-
senting Iranian’s cognition of pomegranate in
the age-old period. In Iran, this fruit tree is called
Anar or Nar, and several ancient towns and vil-
lages have their names from this fruit.

Pomegranate probably was introduced
from central Asia to China along the Silk Road
about 2000 years ago (Yuan et al., 2007). The
introduction of pomegranate to the western re-
gions, including North Africa and Europe took
place through the Mediterranean region. This
fruit was transferred to the south of Spain by
the Muslims soon after the occupation of this
country (711 CE), and Spanish sailors and mis-
sionaries introduced the pomegranate from the
Mediterranean region to the New World includ-
ing Mexico and California in the 1760s (Goor
and Liberman, 1956). Today this fruit species
is grown on four continents (in the north and
south hemisphere) in different climate condi-
tions mainly due to its tolerance for various
unfavourable conditions; a fact that is reflected
by a wide distribution of natural populations
and wild forms of this fruit species throughout
Eurasia to the Himalayas.

The main cultivation areas are through-
out the Middle East and Caucasus region, cen-
tral Asia, India, northern Africa and some parts
of South-east Asia. California and Arizona are
among the leading regions of pomegranate cul-
tivation in North America. Due to the recent
awareness of its various beneficial compounds,
pomegranate is becoming more popular in the
European countries and western hemisphere,

and demand for this fruit is increasing in the
commercial markets of these regions.

Nearly all of the pomegranates varieties
that are now cultivated in Iran, Afghanistan
and the Mediterranean regions are local ac-
cessions that have been selected by natives and
propagated vegetatively (Levin, 1995; Mars and
Marrakchi, 1999; Chandra et al., 2010a). Levin
(2006) defined three mega centres and five mac-
ro centres for the origin and diversity of pome-
granate. The natural habitat of this fruit species,
the eastern part of the Middle East region, which
includes Iran and Afghanistan, was consid-
ered as the primary centre of Punica granatum.
Mediterranean basin countries and eastern Asia
were considered as the secondary and tertiary
mega centres for this fruit species, respectively.
These two centres were formed during the pro-
cess of introduction of pomegranate westwards
and eastwards from the primary mega centre.
In addition to the three mega centres, Levin
(2006) also suggested five macro centres for this
fruit tree, which include the Middle East, east-
ern Asia, the Mediterranean, South Africa and
America. Pomegranate accessions are highly
non-uniform in different centres. According to
Chandra et al. (2010a), the principal conglom-
erates of pomegranate varieties were developed
through domestication. Selections have been
made in the proximity of the natural habitats
and then transferred to the surrounding re-
gions through vegetative or sexual propaga-
tion, and these introductions formed the basis
of local varieties and subsequently their further
distribution. Therefore, local planted materi-
als are the primary gene pools for this plant.
Wild forms still exist in Iran, Turkmenistan,
Dagestan and Transcaucasia and may be con-
sidered as the secondary gene pool. Therefore,
Turkmenistan and the north-east of Iran are
considered among the richest areas for the sec-
ondary gene pool of pomegranate (Still, 2006).
Hybridization between local and wild forms is
probably still taking place in these regions. The
relative wild -type species (Punica protopunica),
which is native to Socotra Island, may be the
tertiary gene pool. There are no obvious bo-
tanical differences between cultivated and wild
pomegranate accessions except for P, protoponica
(Holland et al., 2009). However, molecular study
on wild and relative types of pomegranate has
not been carried out to the extent to enable
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the determination of phylogenic relationships
among them. The fruits of the wild pomegran-
ates are small with thicker rinds and extremely
high acidity compared with cultivated types (Bist
et al., 1994). Pomegranates of some regions are
well known for their special features. According
to Levin (2006), the large soft-seed pomegran-
ate varieties grow in Kandahar, Afghanistan.
Accordingly, various frost hardy varieties grow
in Dashnabad, Uzbekistan.

Although there are many phenotypically
different pomegranate accessions throughout
the world, only a few have gained commercial
acceptance and are cultivated in each region.
Therefore, due to the selection of superior and
elite accessions for breeding purposes as well
as orchard establishment, most of the existing
genetic diversity was not included in the com-
mercial cultivation of this fruit species. This
selective process might have resulted in genetic
erosion and bottleneck, which might confine
subsequent breeding programmes in the future.
On the other hand, during severe selection and
breeding programmes, the genetic variability of
primary populations might have been reduced
to the level of diversity of our domesticated or
hybrid varieties, which are only a small frac-
tion of the previous diversity. Nowadays, it is
well established that agriculture sustainability
is highly dependent on the diversification of the
genetic background of species. Broadening the
genetic bases is highly important not only for
the preservation of crop production in the cul-
tivated regions but also for expanding the crop
production from the borders of arable regions.
Fortunately, the importance of genetic diversity
conservation for crop production and improve-
ment is recognized by researchers, and they are
actively exploring different approaches to retain
plant diversity; the germplasm conservation ac-
tion is one of these. However, conservation and
evaluation of wild accessions of pomegranate
have not received sufficient attention and should
be considered more seriously in the germplasm
conservation strategies.

4.2.1 Germplasm collections

At present, more than 500 pomegranate culti-
vated varieties (cultivars) are recognized around
the world. However, only a few (<50) are
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commercially cultivated (Chandra et al., 2010a).
Therefore, only small portions of the total genet-
ic diversity of the pomegranate are actively uti-
lized worldwide. Collecting and conservation of
visually different pomegranate accessions have
been started as one of the preliminary activities
in different pomegranate producer countries
with the purpose of characterization, selection,
introduction and utilization in the breeding pro-
grammes. There are several pomegranate collec-
tions in different pomegranate producer regions.

Until recently, the establishment of pome-
granate orchards in Iran has been traditionally
done using cuttings collected from superior and
productive genotypes. Meanwhile, different cul-
tivars were planted together in the same orchard,
and hence, homogeneous orchards are scarce.
Although, from the modern horticultural ac-
tivities point of view, homogeneous orchards
are preferred, such heterogenous orchards are,
to some extent, a guarantee for the conserva-
tion of different plant genetic resources as an
in situ collection. This type of orchard establish-
ment may also result in higher productivity of
trees due to the occurrence of cross-pollination
of different genotypes in vicinity. This also may
lead to maintenance of an acceptable amount
of fruit production in the case of unfavourable
conditions such as frost, drought, pest and dis-
ease stresses. Moreover, Iran, as the main centre
of origin and diversity of this fruit species, is the
home of several ex situ pomegranate collections.
The pomegranate collection of Varamin (a city
located in the south-east of Tehran, Iran) is the
first ex situ pomegranate collection of Iran, and
contains about 300 pomegranate accessions.
Later, the establishment of the Iran National
Pomegranate Collection started in 1987. After
a comprehensive survey in different provinces
of Iran, 762 cultivars and genotypes that were
visually distinct were collected from each re-
gion and a comprehensive pomegranate germ-
plasm collection was established in Yazd city
located in the centre of Iran (Fig. 4.1) (Behzadi
Shahrbabaki, 1997). By adding 20 new speci-
mens, the numbers of pomegranate genotypes
reached 782 samples in recent years. This col-
lection consisted of four replicates of each geno-
type that are planted in an augmented design in
five blocks with five control cultivars from Yazd
province including ‘Malas-e-Yazdi', ‘Shirine-
Shahvar’,'Goroch-Shahvar’, ‘Zaghe-Yazdi’ and
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Fig. 4.1. Pomegranate germplasm collection in Yazd (central Iran). (Photos: Abdolkarim Zarei and

Alimohammad Yavari.)

‘Tough-Gardan’. Although some regions of
Iran have no delegate in this collection (such
as Hamedan province), one of the outstanding
properties of this collection is that the samples
resident to this collection are not restricted to the
commercial and marketable cultivars.

The collected accessions represent a rela-
tively good diversity of Iranian pomegranates,
hence will be useful as materials for breeding
programmes with various purposes. However,
the lack of wild-type pomegranates, as well as
the scarcity of international varieties are among
the main drawbacks of this collection. Saveh
(Markazi province) is the home of another pome-
granate collection in Iran that includes 540 cul-
tivars; some of these are the same as the Yazd
collection. Several smaller collections have been
established in other cities in the format of agri-
cultural research stations as well as universities,
such as a collection at the horticultural research
station of the University of Tehran in Karaj city
(Zamani et al., 2007; Zarei et al., 2009).

Afghanistan is also considered as a ma-
jor centre of pomegranate diversification.
Traditional cultivation of pomegranate began in
ancient times in this country as one of the prov-
inces of Persia; hence, there are excellent quality

pomegranate landraces in different regions of
this country including Kandahar and Farah
provinces. In addition, scattered populations
of wild pomegranates are reported in different
regions of this country including Kandahar,
Baikh, Farah, Kapisa, Samangan, Nagharhar
and Heart (Saeedi et al., 2012). Similar to
Iranian pomegranate orchards, Afghanistan
pomegranate orchards are also highly heteroge-
neous and each can serve as an in situ collection.

The Perennial Horticulture Development
Project (PHDP) is a programme started by the
European Commission—Europe Aid Programme
in 2006 with the aim of supporting horticul-
tural crops in Afghanistan. After a survey of
different areas of the country during the years
2006-2008 by local experts, fruit growers and
nurserymen, an in situ national collection of
pomegranate was established in Afghanistan.
More than 950 accessions were registered and
labelled. According to the marketability, some
outstanding accessions were included in this
project. Afterward, the ex situ Pomegranate
National Collection of Afghanistan was found-
ed as duplicates in Kandahar and Nangarhar
provinces in 2009. This collection included 59
Afghanistan pomegranate genotypes from in
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situ collections along with 20 introduced cul-
tivars from other countries. Six replicated trees
from each clone are conserved in each collec-
tion. Samples resident to this collection are
evaluated phenotypically, and descriptors of
their phenological data are listed. This collec-
tion is considered as the official repository for
pomegranate in Afghanistan and is the main
source of plant materials for the establishment
of mother stock nurseries that provide traced
cuttings for the propagation of this fruit species
(Saeedi et al., 2012).

The world’s most extensive pomegran-
ate collection was established in south-western
Turkmenistan atthe Garrygala (previously known
as Kara-Kala) experimental station for plant ge-
netic resources. This collection was launched by
the famed Russian botanist Gregory Levin, who
collected 1117 pomegranate accessions from
37 countries in four continents from the 1960s
through the fall of the Soviet Union. These ac-
cessions are maintained at Garrygala in field
genebanks. The Garrygala collection includes
pomegranate samples with economically valu-
able attributes that might be utilized in breeding
programmes (Holland et al., 2009). Besides the
cultivated samples, this collection also includes
some wild materials. Fruit with large arils, high
juice content, thin peel, high content of bioactive
compounds such as vitamin C and tolerance to
frost, sunburn and pests and diseases as well as
long postharvest shelf-life are among the promi-
nent traits reported in the Garrygala collection.
To facilitate the management and better utiliza-
tion of diversity in the vast collections, core col-
lections are established for different plant species.
Accordingly, the pomegranate accessions in the
Garrygala research collection have been explored
and selected based on the desirable qualitative
and quantitative attributes of fruits and a core
collection with 10% of the main collection size
was established from the best specimens. To retain
the highest genetic diversity in the core collection
as much as possible, Vavilov's law of homologous
series has been regarded in the establishment of
the core collection. Due to better management,
this collection will be suitable for breeding work
on pomegranate. The Turkmenistan mountains
also contain various bushes of wild pomegran-
ates, which grow along river banks, or as creep-
ing shrubs on rocky slopes or clinging to steep
hillsides (Robertson, 2009).
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More than 100 accessions from the
Turkmenistan pomegranate collection were
transferred to the USA and planted in an or-
chard in a Germplasm Repository at the Wolfskill
Ranch (Robertson, 2009).

In India, some of the wild pomegranate
germplasm from the western Himalayas, along
with exotic samples, were collected at the National
Field Gene Bank of pomegranate (India). This col-
lection was established in 2007 and included 59
exotic samples, 10 cultivars, 57 genetic materials
and 61 wild types in a total of 187 germplasm ac-
cessions (Chandra et al., 2010b). Moreover, in this
country, seven agricultural universities and six
Indian Council of Agricultural Research (ICAR)
institutes maintain pomegranate germplasms in
their repositories (Table 4.1).

The pomegranate collection of European
Minor Fruit Tree Species with 116 pomegranate
accessionslocated in Italy and Spain, the collection
of Vavilov Research Institute of Plant Industry in
St. Petersburg, Russia with 800 accessions and
Nikita Botanical Garden in Yalta, Ukraine with
370 accessions are among the largest European
collections of this fruit species, with multitudinous
samples (Frison and Serwinski, 1995; Yezhov et al.,
2005; Seeram et al., 2006). A pomegranate col-
lection with 58 specimens was created in Miguel
Hernandez University, containing pomegranate
samples from different south-eastern Spain lo-
calities at Alicante, Spain (Martinez-Nicolas et al.,
2016). Aegean Agricultural Research Institute in
Izmir, Turkey also protects 158 pomegranate sam-
ples as ex situ germplasm (Frison and Serwinski,
1995). It is reported that more than 100 pome-
granate accessions have been collected in the agri-
culture research organization of Israel, including
both local (including semi-wild accessions) and
introduced samples from other regions includ-
ing China, India, central Asia, Turkey, Spain and
other Mediterranean basin countries as well as the
USA (Ophir et al., 2014).

According to Mars and Marrakchi (1999),
two pomegranate collections containing 63
samples have been established in Tunisia.
These highly divergent collections include
20 local landraces from different regions of
Tunisia. Reports from China also indicate the
existence of diverse pomegranate resources
in this country. It is reported that 238 pome-
granate cultivars are growing in different re-
gions of China and a germplasm collection is
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Table 4.1. Germplasm collections of pomegranate worldwide, according to available information.

Number of
Country Centre Location samples Reference
Turkmenistan Turkmenian Garrygala 1117 Levin, 2006
Experimental
Station of Plant
Genetic
Resources
Russia N.I. Vavilov Research  St. Petersburg 800 Frison and Serwinski,
Institute of Plant 1995
Industry
Iran National Iranian Yazd 786 Behzadi Shahrbabaki,
Pomegranate 1997
Collection
Iran Agricultural research Saveh 540 Behzadi Shahrbabaki,
stations of Saveh 1997
Azerbaijan Unknown Unknown 200-300 Levin, 1995
Tajikistan Unknown Unknown 200-300 Levin, 1995
Ukraine Unknown Unknown 200-300 Levin, 1995
Uzbekistan Schroeder Uzbek Tashkent 200-300 Levin, 1995
Research
Institute
Afghanistan Pomegranate Kandahar and 79 Saeedi et al., 2012
National Collection of  Nangarhar
Afghanistan
Ukraine Nikita Botanical Yalta, Crimea 370 Yezhov et al., 2005
Gardens
USA US National Clonal Davis, CA ~200 Stover and Mercure,
Germplasm Repository 2007; USDA, 2007
USA Fruit and Nut Davis, CA 59 Seeram et al., 2006
Germplasm
USA Germplasm Repository Wolfskill Ranch >100 Robertson, 2009
Turkey Plant Genetic Izmir 158 Frison and Serwinski,
Resources 1995
Department, Aegean
Agricultural Research
Institute
China Different provinces Unknown 238 Feng et al., 2006
China Yunnan Unknown >25 Yang et al., 2007
India National Bureau of Phagli, Shimla 90 Rana et al., 2007
Plant
Genetic Resources
Regional
Station
India Three collections Unknown >30 Gulick and Van Sloten,
(unknown locations) 1984
India Central Institute of Arid Rajasthan 190 Chandra et al., 2010a

Horticulture
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Table 4.1. Continued
Number of
Country Centre Location samples Reference
India National Research Maharashtra 187 Chandra et al., 2010a
Centre of pomegranate
India National Bureau New Delhi 170 Chandra et al., 2010a
of Plant Genetic
Resources
India Mahatma Phule Krishi  Maharashtra 61 Chandra et al., 2010a
Vidyapeeth
India Sardarkrishinagar Gujarat 52 Chandra et al., 2010a
Dantiwada Agricultural
University
India Central Arid Zone Rajasthan 34 Chandra et al., 2010a
Research Institute
India Acharaya NG Ranga Andhra Pradesh 29 Chandra et al., 2010a
Agricultural University
India Tamil Nadu Agricultural Tamil Nadu 24 Chandra et al., 2010a
University
India Indian Institute of Karnataka 20 Chandra et al., 2010a
Temperate Horticultural
Research
Israel Newe Ya’ar Research  Yizre’el Valley, >100 Bar-Ya’akov et al.,
Center, Agricultural Haifa 2003, Bar-Ya’akov et
Research Organization al., 2007
; Ophir et al., 2014
Thailand Five locations in Chiang Maiand 29 Thongtham, 1986
Chiang Mai, one in Bangkok
Bangkok
Tunisia Two collections Gabes and South 63 Mars and Marrakchi,
Tunisia 1999
Turkey Alata Horticultural Erdemli >180 Onur, 1983; Onur and
Research Institute Kaska, 1985; Holland
etal., 2009
Turkey Cukurova University Adana 33 Ozguven et al., 1997,
Ozguven et al., 2000
Turkey Aegean University Izmir 158 Frison and Serwinski,
1995
Spain Escuela Politécnica Alicante 59 Martinez-Nicolas
Superior de Orihuela- etal., 2016
Miguel Hernandez
University
Spain Valencian Agricultural  Elche 35 Bartual et al., 2012
Research Institute
(IVIA)
European Minor Eleven locations Spain, ltaly 116 Seeram et al., 2006

Fruit Tree Species,
EC Project
GENRES 29
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Table 4.1. Continued
Number of
Country Centre Location samples Reference
Egypt Unknown Upper Egypt, 13 Hassan and Abd-El
Lower Egypt and Gawad, 2013
north Sinai
Morocco Pomegranate Beni Mellal and Unknown Ajal et al., 2015

Collection of Ahl Souss Meknés

established in Yunnan (Feng et al., 2006; Yang
etal., 2007).

Moreover, collection, evaluation, characteri-
zation and ex situ conservation of pomegranate
germplasms are in progress in different coun-
tries including Italy, France, Ukraine, Portugal,
Hungary, Germany, Greece, Cyprus, Albania,
Tajikistan, Morocco, Egypt and Jordan. However,
there is insufficient information about conserved
genotypes in most of the mentioned countries.
For P. protopunica, the wild relative of pomegran-
ate, seeds from plants growing in Socotra Island in
Yemen were collected and a germplasm collection
was established (Guarino et al., 1990).

Although there are several pomegranate
collections in different regions, it is estimated
that some of the accessions might be identical
owing to being introduced from the same source.
For instance, a significant proportion of the ac-
cessions in the Davis collection of the USA, the
Newe Ya'ar collection of Israel, the Garrygala
collection of Turkmenistan, as well as Tunisia,
Thailand and Indian collections were introduced
from other countries. In the Iranian collections,
although there are no foreign cultivars, there
are several duplicates, and most of the geno-
types in the Saveh collection are the same as the
Yazd collection. Molecular and morphological
evaluations of some of the existing germplasms
indicate that there are genotypes with the same
name but different characteristics (homonyms)
or identical genotypes with different names
(synonyms) in some collections. Therefore, more
accurate characterization of collections, for ex-
ample by molecular markers, will help to better
manage the existing germplasms by eliminating
redundancy and replacing them with new dif-
ferent samples as well as by the establishment
of the core collections. In addition, ex situ con-
servation of wild types of pomegranate should
be also considered in countries that have wild

forests of this fruit species, such as Iran and
Afghanistan.

4.3 Cytological Study

Thereported chromosome numbers of pomegran-
ate varies in different studies (n = 8, 9; 2n =16,
18) (Smith, 1976). Nath and Randhawa (1959)
reported 2n = 16 for six Indian cultivars, and 2n
= 18 for the ornamental cv. ‘Double Flower’. It is
reported that the diploid chromosome (2 n = 16)
of pomegranate contains 1.4pg (=1412Mbp)
of DNA (Ohri, 2002; Bennett and Leitch, 2005).
However, the results of flow cytometry analysis
estimated that the genome size of pomegran-
ate would be 356.98 Mb (Qin et al., 2017). The
chromosome numbers in ‘Vellodu’” and ‘Kashmiri’
cvs. were reported to be 2n = 18 with one or two
quadrivalent associations at meiosis (Raman et al.,
1963). It is reported that a tetraploid pomegran-
ate with 2n = 32 was obtained from cv. ‘GB-1" (2n
= 16) by air-layering (IBPGR, 1986). A sponta-
neous tetraploid clone (2n = 32) was reported in
India, with flowers and fruit exceeding the size of
the original form, and the sterility of its pollen was
84.4% as compared with 7.4% in a normal diploid
genotype (Das and Sur, 1968). However, most of
the records indicated that P. granatum is a diploid
species possessing 16 chromosomes (n = 8) (Gill
etal., 1981; Ue et al., 1992; Sheidai et al., 2005).
Punica protopunica species has a diploid genome
(2n = 14) and a haploid number of chromosomes
of n = 7. Therefore, from an evolutionary point of
view based on the lower number of chromosomes
as well as xylem anatomy this species is considered
as the progenitor of the Punica genus (Shilkina,
1973).

According to different cytological studies,
most of the pomegranate’s chromosomes are
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small. However, in spite of their small size, the
chromosomes are suitable for cytogenetic stud-
ies. Sheidai et al. (2005) studied the meiotic
behaviours considering ploidy level, chiasma
frequency and chromosome association in 22
Iranian genotypes. Among the eight bivalents
that usually occur during metaphase I of meio-
sis in the nucleus of this plant, seven chromo-
somes have equal sizes but one pair was much
bigger than the others. According to karyotype
analysis of some Egyptian pomegranates, the
chromosome lengths varied from 1.067 pm
to 2.265 pm in different genotypes (Hassan
and Abd-El Gawad, 2013). Considering the
centromer position, chromosomes 1, 2, 3, 4
and 5 are median centromeric while chromo-
somes 6, 7 and 8 are median to sub-median
centromeric. Significant differences were
reported between chiasma frequency, chro-
mosomal pairing and their segregation in dif-
ferent pomegranate genotypes, reflecting their
genomic differences (Sheidai et al., 2005). It
is noteworthy that even though pomegran-
ate is a diploid species, and it is expected only
to create bivalents in metaphase I of meio-
sis, observation of some quadrivalents were
reported in a number of studied genotypes
(‘Berit’, ‘Malase-Peyvandi’, ‘Malase-Toghi’,
‘Malas-Gardanboland’, ‘Bejestoni-Torsh’,
‘Dadashi-Peivandie’, ‘Shirin-Poostnazok’,
‘Anbari-Danehghermez’, ‘Shahvar-Torsh’,
‘Goltorsh-Mamooli Taft’, ‘Atabaki Jahrom’,
‘Malas-Aghdaei’ and ‘Bejestoni-Poostkoloft’)
(Sheidai et al., 2005, Sheidai et al., 2012). The
occurrence of quadrivalents might be attrib-
uted to the translocation between two pairs
of chromosomes. Heterozygote translocations
can create new linkage groups and induce new
genetic changes in their place of occurrence
in the chromosomes. Because of the relatively
large sizes of reported quadrivalents, it is sur-
mised that the largest chromosome pairs in
the genome were involved. In all the studied
genotypes, univalents were observed at a low
frequency that ranged from 0.4 to 2.4. The
small sizes of pomegranate chromosomes and
hence, the early termination of chiasmata in
them, may be the mainspring of the usual oc-
currence of univalents (Sheidai et al., 2005).
These authors also observed the formation of
laggard chromosomes in their studied geno-
types and attributed this phenomenon to the
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regular occurrence of univalents due to the
small size of chromosomes. Chiasma frequency
and distribution is controlled genetically (Rees
and Jones, 1977). Therefore, significant differ-
ences in frequency and distribution of chiasma
as well as rod and ring bivalents among geno-
types in the same location may reflect their ge-
netic differences.

Some abnormal chromosomal segrega-
tion has also also reported in pomegranate
and this phenomenon has been ascribed to
chromosome stickiness and formation of lag-
gard chromosomes and micronuclei (Sheidai
et al., 2005). Chromosome stickiness and
their tardy segregation were observed from
early stages of prophase to the end of meio-
sis. Genetic and environmental factors, as
well as their interaction, have been stated as
the main reasons for chromosome stickiness
in various plant species, and the same may
be true in pomegranate genotypes (Nirmala
and Rao, 1996). Spindle apparatus abnor-
mality is another interesting feature in most
Iranian pomegranate genotypes, which sub-
sequently results in the formation of multipo-
lar cells in telophase I and II, which would be
normally bipolar (Sheidai et al., 2005). Owing
to the role of spindle apparatus in the chro-
mosome of balancing and alignment during
metaphase, any irregularity in its formation
may have resulted in the random subgroup-
ing. Several reasons have been cited for ab-
normality of the spindle apparatus such as
environmental effects, duality of the nucleus
in foreign cytoplasm and disharmonious gene
interaction (Nirmala and Rao, 1996). Vorsa
and Bingham (1979) reported the giant pol-
len grains as a sign of 2n pollen production. In
some Iranian pomegranate genotypes, such as
‘Agha-Mohamad-Ali' and ‘Malase-Peyvandi’,
pollen grains with significantly larger sizes
than normal samples were observed, which
presumably formed from the occurrence of
multipolar cells in these genotypes. Also sever-
al unusual tetrads were formed that may have
resulted from such abnormal cells (Sheidai
et al., 2005). Grouping of pomegranate geno-
types based on their cytological attributes was
in accordance with the geographical distribu-
tion of samples, hence, cytological attributes
were an indication of genotypes’ geographical
distribution.

Al'l use subject to https://wmv. ebsco. conlterns-of-use



EBSCChost -

printed on 2/13/2023 12:34 PMvia .

Biodiversity, Germplasm Resources and Breeding Methods 103

Moreover, high frequencies of B-
chromosomes have been observed in pome-
granate (Sheidai, 2007; Sheidai et al., 2012).
In fact, among 50 evaluated pomegranate
genotypes, 23 samples possessed from zero
to five B-chromosomes (Sheidai et al., 2012).
B-chromosomes are supernumerary chromo-
somes and smaller than standard chromo-
somes (also known as A-chromosomes). In low
frequency they usually confer some benefits to
the plants possessing them, but when they are
present in high numbers, act inversely and de-
crease plant growth and vigour. These types of
chromosomes are found in all eukaryotic phyla
and are thought to stand for a specific type of
selfish DNA (Houben, 2017). B-chromosomes
show high polymorphism and are able to influ-
ence the chiasma frequency, distribution and
interaction of chromosomes either directly
or indirectly by the effect on meiosis regu-
lator genes located on the A-chromosomes
(Camacho et al., 2000). B-chromosomes in
pomegranate genotypes are much smaller
than A-chromosomes and presumably are
not paired with their standard counterpart.
Although these chromosomes can be trans-
fered to the daughter cells during cell divi-
sion, very often they are lagged and excluded
from daughter cells. Like other plants, this is
an inhibitory system for accumulation of B-
chromosomes that may be unwholesome to
them. Effects of B-chromosomes are somehow
variable in pomegranate cultivars; in some
genotypes they cause a significant reduction
in total chiasmas while in others they increase
chiasmas (Sheidai et al., 2012). These variable
responses to the B-chromosomes may be due to
differences in the genomic background of the
genotypes. The presence of B-chromosomes in-
creases the intercalary chiasmata significantly
in some pomegranate genotypes. An increase
in frequency of intercalary chiasma might in-
crease genetic variation through the inclusion
of the genes located in the intercalary posi-
tions of the chromosome arms in the genetic
recombination process. This phenomenon
increases the mean value of quadrivalents,
which subsequently causes a higher amount of
heterozygote translocation and finally results
in greater genetic diversity in the resulting
gametes. A decrease in the number of univa-
lents and an increase in the number of ring

bivalents may improve the adequate segrega-
tion of chromosomes in anaphase, which sub-
sequently results in higher fertility of pollen
in the B-chromosome-containing cultivars. In
addition, it is reported that cultivars from dif-
ferent geographic regions of Iran have differ-
ent numbers of B-chromosomes (Sheidai et al.,
2012). However, cultivars from provinces that
have no diversity in B-chromosomes (Tehran
and Semnan) have lower genetic diversity and
did not separate in a plot derived from principal
component analysis. Therefore, these types of
chromosomes may contribute to the diversity
of pomegranate genotypes.

High positive and negative correlations have
been reported between some of the pomegran-
ate cytological characteristics and climate condi-
tions. Total chiasma frequency had a significant
negative correlation with the mean number of
rod bivalents and univalents. A significant posi-
tive correlation was reported between annual
rainfall and the mean number of rod bivalents.
Although elevation did not have any significant
correlation with cytological characteristics, lon-
gitude showed a significant positive correlation
with the number of ring bivalents and negative
correlation with the number of univalents and
intercalary chismata (Sheidai et al., 2012). There
was a significant positive correlation between pol-
len fertility and total chiasmata. Therefore, these
differences may be used in planning cultivar se-
lection and hybridization. However, even though
significant correlations were recorded between
some of the cytological characteristics and dif-
ferent climate conditions, no significant affinity
was observed among the cultivars collected from
the same geographic origin in the depicted cluster
based on their cytological characteristics (Sheidai
etal., 2012).

4.4 Unreduced Pollen Grains

Formation of unreduced pollen grains has also
been reported in some Iranian pomegranate
genotypes (Sheidai et al., 2012). Abnormalities
during either megasporogenesis (embryo sac
formation) or microsporogenesis (pollen for-
mation) may result in unreduced diploid gam-
etes, which finally produce the sporophyte
rather than the gametophyte chromosome
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numbers. These types of gametes are able to
produce offspring with higher chromosome
sets than normal ones — the process known
as sexual polyploidization (Villeux, 1985).
Tripolar cell formation due to failure in ana-
phase I is considered as the main reason un-
derlying the production of the 2n gametes in
different pomegranate genotypes. Interaction
between the genome and environmental fac-
tors is considered as the main reason for chro-
mosome stickiness in different plant species
(Baptista-Giacomelli et al., 2000); this may
hold true for pomegranate genotypes.

Spindle abnormalities is one of the main
causes of unreduced gamete (2n) production,
which can result in polyploid and aneuploidy
gametes. Abnormal spindles may be produced
as a result of the duality of the nucleus in the
foreign cytoplasm and environmental factors
(Nirmala and Rao, 1996). Large-sized grains
are an indicator for production of 2n pollen
(Vorsa and Bingham, 1979). It is reported that
different pomegranate cultivars varied greatly
based on their grain sizes, and the giant grains
are considered as 2n pollen (Sheidai et al.,
2012). Based on the difference in the cytologi-
cal attributes of pomegranate genotypes in the
same region, it could be concluded that cytoge-
netic features along with geographic regions
contribute greatly to the genetic variability of
pomegranate genotypes. These findings em-
phasize the need for comprehensive exploration
of different pomegranate producer areas and
increasing the genotype sampling in each geo-
graphic region as much as possible to establish a

thorough germplasm collection as genetic stock
for future breeding programmes and hybridiza-
tion purposes.

4.5 Morphological Studies on
Pomegranate

Evaluation of morphological attributes among
the existing genetic resources is one of the pre-
liminary steps of each breeding programme
(Fig. 4.2). Evaluation, description and classifi-
cation of plant germplasms can facilitate the
process of identifying the individuals with ap-
propriate traits for utilization as parents in hy-
bridization programmes. Due to the widespread
distribution of pomegranate across the world,
assessment of existing genotypes using different
marker systems is one of the research aspects
of the pomegranate that is widely investigated.
Morphological diversity of different pomegran-
ate accessions has been evaluated in different
pomegranate producer regions (Zamani, 1990;
Mars and Marrakchi, 1999; Sarkhosh et al.,
2005, 2006; ; Martinez et al., 2006; Zamani
et al., 2010; Ferrara et al., 2011, 2014; Karimi
and Mirdehghan, 2013; Zarei et al., 2013;
Khadivi-Khub et al., 2015 ; Martinez-Nicolas
et al., 2016; Zarei, 2017; Dandachi et al., 2017;
Khadivi et al., 2018). Besides descriptive statis-
tics, estimation of simple correlations among
traits, clustering and factor analysis were among
the main analyses that have been conducted in
different studies. Nearly all the reports indicate

Fig. 4.2. Morphological attributes among some pomegranate accessions. (Photo: Doron Holland.)
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that pomegranate genotypes exhibit relatively
high pomological diversity and there are wide
ranges of different fruit characteristics (both
physical and biochemical attributes) among ex-
isting accessions. Fruit-related characteristics
have high potential for discrimination among
different pomegranate accessions. However, it
is stated that tree-related characteristics includ-
ing leaf and flower attributes have lower dis-
crimination power for pomegranate genotypes
(Martinez-Nicolas et al., 2016). Fruit taste has a
prominent role in the clustering of evaluated ac-
cessions (Zamani, 1990; Sarkhosh et al., 2005;
Zamani et al., 2010; Zarei, 2017). This could be
attributed to the differences in titratable acidity
(TA) between sweet and sour genotypes rather
than total soluble solids (TSS). In some cases,
sour genotypes have higher TSS content com-
pared with the sweet ones. On the other hand,
the amount of TA (not TSS) determines the final
taste of the pomegranate fruit. Beside the taste,
fruit and aril colour, male and hermaphrodite
flowers, petal width as well as seed hardness
(where both soft and hard seed genotypes were
included in the investigation) have been found to
be important in pomegranate grouping (Zamani
et al., 2007; Zarei et al., 2013; Martinez-Nicolas
et al., 2016; Dandachi et al., 2017). High vari-
ation among TA, seed hardness as well as fruit
and aril colour in different pomegranate acces-
sions makes these traits very important in pome-
granate classification analysis.

A positive correlation has been reported be-
tween seed hardness and TA, and colour-related
characteristics including fruit and aril colour,
as well as anthocyanin content (Khadivi-Khub
et al., 2015; Zarei, 2017). Antioxidant activity
has also shown positive correlations with the
amount of ascorbic acid and gallic acid in arils
(Sarkhosh et al., 2008). Woody portion percent-
age has been negatively correlated with seed
length (Martinez et al., 2006; Zarei et al., 2013;
Zarei, 2017). Some desirable characteristics in-
cluding fruit and aril size, juice, TSS, vitamin C
and aril colour have been reported to be favour-
ably associated with each other (Desai et al.,
1994). No strong correlation has been reported
between colour of fruit skin and the arils (Jalikop,
2010, Jalikop, 2011). In addition, seed hardness
has been negatively correlated with aril juices
(Elhem et al., 2011). It is documented that the
number of arils has a linear relationship to fruit

s
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Fig. 4.3. Seeds and arils of different soft- and
hard-seeded pomegranate genotypes. Name
of genotypes from left to right are as follows:
‘Bihasteh-Ravar’ (soft seed), ‘Malase-Esfahani’
(hard seed), ‘Bihasteh-Najafabad’ (soft seed),
‘Torshe-Zabol’ (hard seed), ‘Bihasteh-Sangan’
(soft seed) and ‘Malase-Shirine-Saveh’ (hard
seed). (Photo: Abdolkarim Zarei.)

weight and there is no relationship between fruit
weight and juice volume (Kumari et al., 2017).
Hard-seeded varieties have significantly higher
fruit weight and size than semi-soft or soft-
seeded varieties (Holland et al., 2009; Kumari
etal., 2017), but soft-seeded accessions have rel-
atively bigger and juicier arils than hard-seeded
ones (Fig. 4.3) (Zarei et al., 2013). In addition,
there is a high positive correlation between seed
softness and length of the seed (Fig. 4.4) (Zarei
etal., 2013). Although it has been reported that
larger fruits do not necessarily contain larger
arils, the number of arils per fruit has been
strongly correlated with fruit size (Hazel et al.,
2011). A comprehensive morphological evalu-
ation revealed that in some cases the name of
the cultivar describing a trait of the fruit does
not reflect the real characteristic of the fruit. For
instance, in the evaluation of Iranian soft-seed
germplasm Sarkhosh et al. (2008) identified that
some of the genotypes harbouring the soft seed
name (bidaneh in Farsi) were not real soft-seed
varieties. They attributed their observations to
the environmental effects on this characteristic
or more probably to mislabelling during germ-
plasm establishment. Some discrepant results
were reported regarding morphological char-
acteristics from different countries. Although
a high negative correlation was reported be-
tween seed hardness and aril and seed length

Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

106

A. Zarei et al.

Bihaste-Porbare-shirin
(Semi-soft seed)

Bihaste-Najafabad
(Soft seed)

Bihaste-Neyriz
(Soft seed)

d ‘N | ' |

Bihaste-Yazdi
(Hard seed)

Bihaste-Ravar
(Soft seed)

Bihaste-Sangan
(Soft seed)

Malase-shirine-Saveh
(Semi-hard seed)

Torshe-Zabol
(Hard seed)

iNg A

Malase-Esfahani
(Hard seed)
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Fig. 4.4. Seed variability in hard- and soft-seeded pomegranate genotypes. (Photo: Abdolkarim Zarei.)

in Iranian accessions (Zarei et al., 2013; Zarei,
2017), there was no significant correlation be-
tween these two characteristics in the Chinese
genotypes (Lu et al., 2006). Moreover, reports
on Iranian pomegranate accessions indicated
a higher woody portion percentage compared
with Spanish genotypes (Martinez et al., 2006;
Zarei et al., 2013). According to Jalikop (2010)
fruit size, sugar, acidity, colour of peel and aril as
well as ripening may be influenced by the envi-
ronment. Therefore, great care should be taken
when using pomological, morphological or
physiological traits. In fact, traits such as colour
of peel and aril, fruit size, time of ripening, TSS
and acidity are consequences of various factors
and strongly influenced by the environment.

4.6 Molecular Markers and Their
Application on Pomegranate

With the advent of molecular markers, germ-
plasm characterization and identification of
genotypes became easier than with morpho-
logical characterization alone. Molecular mark-
ers analysis is one of the most comprehensive
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aspects of pomegranate studies. Different mo-
lecular marker systems have been exploited to
evaluate genetic basis and relatedness of differ-
ent pomegranate accessions including random
amplification of polymorphic DNA (RAPD),
inter-simple sequence repeats (ISSRs), ampli-
fied fragment length polymorphism (AFLP),
inter-retrotransposon amplified polymorphism
(IRAP), directed amplification of minisatellite
DNA (DAMP), simple sequence repeats (SSRs)
and single nucleotide polymorphism (SNP)
(Table 4.2).

RAPD molecular markers are among the
most prevalent marker types used successfully
for evaluation of genetic diversity and germ-
plasm management of this fruit species, respec-
tively. Results of the first report of RAPD marker
application on 28 local and commercial Iranian
pomegranate genotypes indicated low genetic
diversity among the germplasm and clonal prop-
agation of pomegranate was stated as the main
reason behind this (Talebi Bedaf et al., 2003).
After this, RAPD molecular markers have been
extensively used for evaluation of different
pomegranate accessions (Sarkhosh et al., 2006;
Sheidai, 2007; Zamani et al., 2007, Zamani
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et al., 2010, Zamani et al., 2013; Sarkhosh
et al., 2009; Zarei et al., 2009; Adivapp et al.,
2010; Narzary et al., 2010; Ercisli et al., 2011;
Noormohammadi et al., 2012; Zhang et al.,
2012).

RAPD molecular markers also have been
used successfully for other purposes. For ex-
ample, Akbar et al. (2008) examined RAPD
marker efficiency to examine pollination type
of pomegranate cv. ‘Malase-Tourshe-Saveh’ and
reported that offspring banding patterns were
the same as their parents and attributed their
results to the self-pollinating nature of this fruit
tree. However, this is not a definite result and to
confirm it the use of controlled pollination as
well as more accurate molecular markers such
as SSRs are needed. In addition, Zamani et al.
(2010) used RAPD markers to evaluate off-
spring derived from different pollination systems
of pomegranate cv. ‘Malase-Tourshe-Saveh’ and
observed that most of the offspring had a simi-
lar banding pattern to their maternal plant and
reported that cytoplasmic inheritance might
play an important role in pomegranate cross-
ing. Moreover, RAPD markers were used to com-
pare the drought stress tolerance of ‘Ganesh’
and ‘Nana’ cultivars as well as their progenies
with various degrees of water stress tolerance
(Adivapp et al., 2010). However, the authors
did not observe any distinct banding pattern
between the parents or the bulk of the offspring
(Adivapp et al., 2010). The RAPD molecular
system has proven its usefulness for evaluation
of genetic structure among Iranian soft-seed
pomegranates (Sarkhosh et al., 2009) as well
as for the wild types of this fruit species (Ercisli
et al., 2011; Zamani et al., 2013). Kanwar et al.
(2010a) used RAPD markers to compare in vitro
culture-raised plants from cotyledonary callus
with their wild types and observed 26% dissimi-
larity between these plants; the authors attrib-
uted these genetic differences to the somaclonal
variation under in vitro conditions.

Other molecular markers including ISSRs
(Ghobadi et al., 2006; Narzary et al., 2010;
Talebi Bedaf et al., 2011; Noormohammadi
et al., 2012; Hajiyeva et al., 2018), direct ampli-
fication of minisatellite DNA (DAMD) (Narzary
et al., 2009), single primer amplification reac-
tion (SPAR) (Soleimani et al., 2012), inverse se-
quence tagged repeat (ISTRs), sequence-related
amplified polymorphism (SRAP) (Amar and
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El-Zayat, 2017), random amplified microsatel-
lite polymorphism (RAMP) (Zhao et al., 2013)
and AFLP (Rahimi et al., 2006; Yuan et al., 2007;
Sarkhosh etal., 2011; Ajal et al., 2015) also have
been used successfully to evaluate genetic diver-
sity among different pomegranate genotypes. In
addition, AFLP markers have also been used to
study the geographic and host-associated popu-
lation variations of carob moth in Iranian pome-
granate genotypes (Mozaffarian et al., 2008).
Different combinations of markers also
have been used in parallel to investigate their
efficiency and to find their association. Narzary
et al. (2010) evaluated the efficiency of three
types of DNA-based molecular markers for
assessing genetic diversity among wild pome-
granate samples and identified that DAMD
markers are more powerful than ISSR and
RAPD. Melgarejo et al., (2009) used 18S-28S
rDNA intergenic spacer-RFLP to evaluate ten
pomegranate accessions and reported that this
method is efficient for cultivar identification
and all of the accessions were differentiated
according to their genetic profiles. However,
a low correlation was observed between mor-
phological attributes and genetic profiles.
Genetic relationships among pomegranates
of Taiwan and their relatedness in seedlings
and cuttings introduced from China, the USA
and Singapore was evaluated using internal
transcribed spacer (ITS) sequences of rDNA,
ISSR and RAPD markers (Wang et al., 2007).
The authors reported that 4.8S rRNA and ITS
sequences showed no differences among eight
samples of five lines. In addition, they observed
that ISSR clustering was in accordance with
the origin of the individual pomegranate lines
and reported that the (GA)n dinucleotide motif
sequence presented a major part of the pome-
granate genome through ISSR analysis (Wang
et al., 2007). Different phylogenetic studies
have been carried out to distinguish Punica
from other genera and using different plant
barcoding systems including rbcl. sequence
(Contiet al., 1993, 1996, 1997), ITS sequenc-
es of nuclear rDNA (Shi et al., 2000), the rbcL
gene, the psaA-ycf3 spacer and the nuclear ITS
regions including 4.8S ribosomal gene (Huang
et al., 2002). Punica granatum was previously
classified in the Punicaceae family and was
considered as the only genus in this family.
However, recent phylogenic studies placed this
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fruit species in the Lythraceae (Teixeira da Silva
etal., 2013). Punica protopunica, a close relative
of P. granatum, is more similar to a Lythraceae
taxon in some characteristics. However, there is
still no clear resolution of the taxonomic status
of the genus Punica and the currently accepted
taxonomy is according to that of the APG-
III, whereby Punica is considered as a genus
included in family Lythraceae (Angiosperm
Phylogeny Group, 2009). Different barcode
systems including 4.8S rRNA, ITS1 and ITS2
have been tested for evaluation of genetic vari-
ability in pomegranate genotypes, and the ITS
regions, especially ITS2, were suggested as
the best reliable barcode systems for phyloge-
netic evaluation of pomegranate (Singh et al.,
2013). In addition, results obtained from eval-
uation of two chloroplastic regions (petA—psa]
and trnC—trnD) and four nuclear DNA regions
(trnH—psbA, ITS, rbcL, matK) as the plant bar-
code systems for evaluation of genetic variabil-
ity in pomegranate genotypes indicated that
psbE—petL and trnH-psbA were more suitable
for determining intra-species relationships of
pomegranate (Hajiahmadi et al., 2013).
Molecular marker systems also have
been used successfully to create the linkage
map of pomegranate. The first linkage map
of pomegranate was constructed using 62F,
offspring from a cross between a commercial
pomegranate (‘Malas Danesiyah Esfahani’)
and a soft-seed genotype (‘Bihaste Danesefid
Ravar’) using AFLP markers (Sarkhosh et al.,
2012). These authors obtained 216 use-
ful markers from 26 primer combinations
that covered 434.3 centiMorgans (cM) of the
genome in the ‘Malas Danesiyah Esfahani’
which included seven major groups and five
minor groups, with a mean map distance be-
tween adjacent markers of 6.5 cM. In ‘Bihaste
Danesefid Ravar’ seven major linkage groups
and three minor groups were constructed with
a mean map distance between adjacent mark-
ers of 4.21 cM, which covered 344.2 cM of the
genome. A consensus map constructed using
67 AFLP markers covered 334.5cM and eight
marker groups. Another genetic map was also
constructed by quantitative trait loci (QTLs)
of seven traits and 1092 NP markers using a
population of 76F, progeny derived from the
crossing of ‘Nana' and ‘Black’ pomegran-
ates (Harel-Beja et al., 2015). This map covers

1141 cM with an average of 1.17 cM between
markers over 11 linkage groups. Twenty-five
QTLs were reported for plant height as well as
fruit characteristics including TSS, seed hard-
ness, fruit and aril weight, fruit perimeter and
aril colour.

Microsatellites or SSRs have become the
markers of choice for genetic fingerprinting
studies due to their high levels of allelic vari-
ation, high reproducibility, their co-dominant
nature and high information content, which
allows them to deliver more information per
unit assay than other marker systems (Madhou
etal., 2013). This type of molecular marker has
been shown to be an abundant source of poly-
morphism in eukaryotic genomes and could be
a useful tool for genetic diversity studies espe-
cially in species such as pomegranate that do
not show a high level of diversity using other
marker systems. Koohi-Dehkordi et al. (2007)
made the first attempt to isolate and identify
SSR markers from pomegranate. These au-
thors isolated five microsatellites from Iranian
pomegranate cv. ‘Malase-Yazdi'. However, only
one of these five loci was polymorphic among
different pomegranate accessions (Zarei et al.,
2009). During the past decade a set of SSR
markers has been developed for P. granatum in
different pomegranate producer regions and
used for understanding the genetic identifi-
cation and structure of this genus (Hasnaoui
et al., 2010; Curro et al., 2010; Pirseyedi et al.,
2010; Soriano et al., 2011; Kazemialamuti
et al., 2012; Ravishankar et al., 2015). These
SSRs have been successfully used for evalu-
ation of genetic diversity in Tunisia and Italy
(Hasnaoui et al., 2012), Iran (Pirseyedi et al.,
2010; Basaki et al., 2011; Basaki et al., 2013;
Norouzi et al., 2012; Noormohammadi et al.,
2012; Zarei and Sahraroo, 2018), Israel
and Italy (Ferrara et al., 2014), Tunisia (Jbir
et al., 2012), Pakistan (Nafees et al., 2015),
Kurdistan (Sanjar, 2015), as well as in Italian,
Spanish and Turkish pomegranate genotypes
(Curro et al., 2010). Results of SSR analysis
in different pomegranate genotypes indicated
that the average number of alleles per lo-
cus was about two or three, which is similar
to other self-pollinated plants such as peach
(Aranzana et al., 2002; Bouhadida et al.,
2007) and much lower than cross-pollinating
plants such as walnut (Pollegioni et al., 2011;
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Ebrahimi et al., 2016; Ebrahimi et al., 2017)
and apricot (Wang et al., 2014). In addition,
the efficiency of universal chloroplastic mi-
crosatellite loci was proven in 52 Iranian
pomegranate genotypes (Norouzi et al., 2012).
Several studies have also been conducted to
estimate the association between SSR marker
loci and phenotypic traits, and some loci were
reported to have a strong association with seed
softness, aril size, fruit weight, TA and bacterial
blight (Basaki et al., 2011; Basaki et al., 2013;
Singh et al., 2015).

Recent progress in in silico approaches will
enable researchers to retrieve expressed sequence
tag (EST) sequences from the National Center for
Biotechnology Information (NCBI) and develop
EST-SSRs or gene-based SSRs. This method for
the development of EST-SSR markers is more
convenient and they can be isolated with higher
efficiency and at a lower expense than genomic
sequence-derived SSRs (Wang et al., 2012). In
addition, microsatellites that are present in the
coding regions are more conserved and possess
high reproducibility and higher interspecific/in-
traspecific transferability than SSRs in non-coding
regions (Hagq et al., 2014). In recent years, differ-
ent transcriptomic studies have been carried out
on P. granatum and some EST sequences from dif-
ferent tissues of this fruit tree have been deposited
in the public databases. EST sequences of pome-
granate were explored and a set of EST-SSRs was
reported in pomegranate (Jian et al., 2012; Zarei
and Ebrahimi, 2017). Results of data mining re-
vealed that dinucleotide repeats were the most
abundant sequences in pomegranate followed by
trinucleotide and tetranucleotide repeats, respec-
tively. Among the dinucleotide repeats, AG/GA/
CT/TC were reported as the most frequent ones.
Thanks to the comprehensive transcriptomics
data on pomegranate, several thousands of SNP
markers have been identified in this species (Ophir
etal.,, 2014).

Generally, results of different molecular
markers studies of pomegranate germplasms
have indicated lower genetic differentiation
among commercial genotypes, but when the
wild accessions were included in the study rel-
atively higher genetic differentiations were re-
ported. In addition, most researchers observed
some cases of homonymous and synonymous
genotypes in their investigations. In the ma-
jority of the studies, which used pomological
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features in combination with molecular ones,
relatively low correlations were reported be-
tween these two markers. However, where tree
characteristics were included in the morpho-
logical studies, relatively higher correlation
was reported. In addition, in some cases group-
ing of accessions in the cluster analyses were
in accordance with the geographic regions
of sampling. Therefore, it is probable that the
geographic region somehow will affect the ge-
nome rearrangement.

All the authors of reported morphologi-
cal studies on pomegranate cultivars have a
broad consensus on the extensive diversity
in pomegranate accessions. However, in the
case of molecular markers, there are conflict-
ing reports about genetic diversity in this fruit
species. While most of the reports represented
the existence of a high level of diversity, a few
authors had the opposite opinion and report-
ed relatively low genetic diversity among the
pomegranate genotypes (Talebi Bedaf et al.,
2003; Ghobadi et al., 2006; Rahimi et al.,
2006; Hasnaoui et al., 2012). The similar-
ity coefficients that were recorded between
evaluated accessions in the latter two studies
were in the range of 0.29-0.93, which implies
relatively moderate level of genetic diversity.
Such statements about pomegranate diver-
sity could be due to the selection of unsuitable
plant materials, but also may be attributed to
the misinterpreting of the results. Even these
low coefficients (0.29) are the same similarity
coefficients that were observed among some
different species. Moreover, results from all of
the morphological studies have indicated high
differentiation between evaluated germplasms.
However, the phenotypical differences should
result from genetic differences. Pomegranate is
a vegetatively propagated species and most of
the cultivars are recognized to be mostly self-
pollinated. Hence, it is reasonable to expect a
lower degree of genetic differentiation among
the specimens of this type of species than
those tree species that are cross-pollinated and
seedling-propagated such as walnut. Therefore,
by considering all reports it could be concluded
that plant material sampling, as well as unsuit-
able primer types may explain these results. It is
probable that diversity in cultivated pomegran-
ates has not been greatly expanded due to their
method of propagation, but this is not true of
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the wild types (as shown in some research),
which are not affected by human disturbance.

4.7 Marker-Assisted Selection

Different studies have also been conducted on
pomegranate with the aim of evaluating the
marker—trait association and identifying inform-
ative markers. The results of such experiments
would be very important for the utilization of
molecular markers in breeding programmes and
marker-assisted selection at the early stages of
breeding programmes. The results of evaluat-
ing the association between RAPD markers and
fruit attributes in the progenies of pomegranate
cv. ‘Malase-Tourshe-Saveh’ revealed significant
linkage of seed softness with two markers, and
each of the fruit juice TSS/TA and peel thickness
traits with six molecular markers (Zamani et al.,
2010). Singh et al. (2015) used 44 SSR loci and
fruit characteristics on 88 pomegranate acces-
sions of wild-type and cultivated varieties and
identified four linked markers for fruit weight, TA
and bacterial blight severity. They sequenced the
linked markers and observed that the bacterial
linked marker is a hypothetical protein (GB no.
FN677540) of Prunus persica. SSR loci associated
with calyx height, fruit diameter, calyx shape,
fruit size, seed softness and aril size have also been
reported in pomegranate (Basaki et al., 2011;
Basaki et al., 2013). In addition, as was stated be-
fore, two linkage maps have been constructed in P
granatum using AFLP (Sarkhosh et al., 2012) and
SNP (Harel-Beja et al., 2015) molecular markers.
Although high associations between several QTLs
and SNP markers were reported in pomegran-
ate, lack of genome sequences (Harel-Beja et al.,
2015) as well as phenotypic data (Sarkhosh et al.,
2012) postponed the utilization of these linkage
maps for early selection in pomegranate breed-
ing programmes. Therefore, the availability of
high-resolution genome sequences would enable
researchers to anchor these data on the genomic
sequences and highly facilitate the identification
and characterization of respective genes.

4.8 Genome Size and Genomics

The genome of pomegranate cv. ‘Dabenzi’ has
been sequenced at 100X coverage using Illumina

paired-end reads of libraries with insert sizes of
170bp to 40kb (Qin et al., 2017). The final ge-
nome size assembled in this method is reported to
be 328.38 Mb (about 92% of that estimated using
the flow cytometry method). Also the chromo-
some numbers are reported to be 2n = 2x = 18 for
this cultivar. According to homology-based analy-
sis, 154.3Mb of repetitive sequences (46.1% of
the pomegranate assembly) were identified. Based
on the analysis of repetitive elements it was found
that retrotransposons comprise 40.5% of the to-
tal genome sequences. Among different types of
retrotransposons, long terminal repeats (LTRs)
comprised 18.9% and non-autonomous LTRs
comprised 19.8% of the pomegranate genome,
respectively. The Gypsy type comprises 9.8% and
the Copia type 4.8% of pomegranate’s LTR retro-
transposons. Moreover, it was estimated that Copia
elements have a recent or ongoing wave of retro-
transposition. According to transcriptomics anal-
ysis of different tissues, 29,229 protein-coding
gene models were annotated with the average
gene length of 2574.61bp. Clustering of 29,229
annotated genes based on the sequence similarity
yielded 13,640 gene families and 6230 orphan
genes that could not be clustered with any genes
from similar plants. Gene ontology (GO) annota-
tion and KEGG pathway enrichment analysis for
orphan genes revealed that the majority of these
genes are involved in the secondary metabolite
and phenylpropanoid pathways. Polyphenolic
compounds, which are produced from the phe-
nylpropanoid pathway, are the main secondary
metabolites in pomegranate and are responsible
for the health beneficial properties of this fruit.
Therefore, some of these orphan genes might be
responsible for the biosynthesis of these second-
ary compounds and could ultimately have con-
tributed to the high adaptation of this fruit species.
However, to complete the available data about
pomegranate genome sequences, it is necessary
to retrieve and compare sequences from various
cultivars and use different functional genomics
tools to validate the existing sequences and assign
a function to each section of the genome.
Another report about the genomics of
pomegranate is presented by Luo et al. (2020)
conducted on ‘Tunisia’ cultivar (probably origi-
nated in Tunisia but cultivated in China), which
is a soft-seed pomegranate. The main purpose of
this work was dissecting the genetic divergence
between soft-seeded (‘Tunisia’) and hard-seeded
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(‘Taishanhong’ and ‘Dabenzi’) cultivars. The
Pacific Biosciences (PacBio) Sequel platform was
used for the single molecule real-time (SMRT)
sequencing and a total of 20.94Gb PacBio long
reads were used, resulting in a 320.31 Mb assem-
bly, being close to the estimated size based on flow
cytometry. In this work the chromosome numbers
for ‘Tunisia’ were reported to be 2n = 2x = 16.

About 33,600 coding genes were predicted
in the ‘Tunisia’ genome, with an average cod-
ing sequence length of 2300bp. Approximately
70% (23,357) of the genes were supported
by transcriptome profiling using Illumina and
SMRT-based RNA-seq data. Approximately 51%
of the ‘Tunisia’ assembly sequences were identi-
fied as repetitive elements, including retrotrans-
posons and DNA transposons, showing a higher
proportion of repeats in the ‘Tunisia’ genome
than in ‘Dabenzi’ and ‘Taishanhong’.

A genetic diversity evaluation of 26 pome-
granate varieties (by sequence coverage of
97.91%), with various geographical origins and
differences in seed hardness trait divided them
into three main clusters, one for the hard-seeded
ones and the other two for soft and semi-soft-
seeded ones. Sucrose transport protein expres-
sion evaluated by seed transcriptome sequencing
revealed that two genes (SUCS8-like and SUC6)
are important for controlling seed development
and may be related to differences in seed hard-
ness between varieties. They concluded that seed
hardness genes differ from those related to cold
tolerance, implying that it is possible to breed
new pomegranate cultivars that are both freez-
ing tolerant and soft-seeded using artificial hy-
bridizations or genetic manipulations.

According to the Azerbaijan Institute of
Botany (2018), the nucleus genome of ‘Azerbaijan
Guloyshe’ pomegranate has been sequenced and
results were deposited at NCBI. However, no more
details are provided in the literature.

Yuan et al. (2018) reported a 274-Mb high-
quality draft pomegranate genome sequence,
covering approximately 81.5% of the estimated
336 Mb genome, containing 30,903 genes.

Based on phylogenomic analysis they
concluded that this fruit tree belongs to the
Lythraceae family rather than the monogeneric
Punicaceae family. Also, they proved by compar-
ative analyses that pomegranate and Eucalyptus
grandis shared the paleotetraploidy event. Based
on integrated genomic and transcriptomic
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analyses, they provided insights into the mo-
lecular mechanisms underlying the biosynthesis
of ellagitannin-based compounds, the colour
formation in both peels and arils during pome-
granate fruit development, and the unique ovule
development processes that are the main char-
acteristics of pomegranate.

Chloroplast (cp) genome of three differ-
ent pomegranate cultivars has been sequenced
by Yan et al. (2019) using a genome skimming
approach. The cp genomes displayed the typi-
cal quadripartite structure of angiosperms,
and their length ranged from 156,638 to
156,639bp, encoding 113 unique genes with
17 duplicated in the inverted regions. They
checked the sequence diversity and concluded
that it was extremely low with no informative
sites, suggesting that pomegranate cp genome
sequences may not be suitable for investigat-
ing the genetic diversity of pomegranate geno-
types. Further, they analysed the codon usage
pattern and identified the potential RNA edit-
ing sites. Comparative cp genome analysis with
other species within Lythraceae revealed that
the gene content and organization were highly
conserved.

Based on the complete chloroplast genomes
of the order Myrtales that were previously re-
leased, and phylogenetic analysis, P. granatum
formed a single clade with other species from
Lythraceae with a high supporting value.

4.9 Breeding Criteria

Generally, breeding objectives in fruit trees can
be divided into two sections: the rootstock and
the scion. Although pomegranates are propagat-
ed by stem cutting and grafting is not practised,
using grafted pomegranate trees might gain
importance in the future for specific purposes.
Input traits and output traits are two classes of
traits with commercial significance (Mou and
Scorza, 2011). Input traits are those that are
related to the sustainability of yield and produc-
tivity and are highly important for producers,
growers and handlers. These traits included tree
yield, tolerance to unfavourable conditions, as
well as disease and pest resistance. The output
traits are mostly focused on the fruit quality and
its nutritional properties, which are of primary
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importance to consumers, though the producers
participate in their benefits as well. So far, most
of the objectives in pomegranate breeding have
been dictated by indigenous markets and in-
cluded improving fruit appearance, organolep-
tic quality, seed softness, juice content and tree
yield. However, as a prerequisite for inclusion
in international markets, as well as consumer
acceptance, criteria such as colour of peel and
arils, fruit size and shape, easily separable arils,
volume and taste of juice, appropriate ripening
time, as well as good postharvest quality and
shelf-life and fruit handling should be consid-
ered. In addition, pomegranate is gaining more
attention and becoming a desired fruit across the
world for its pharmacological properties, hence,
increasing the nutritional contents as well as
their beneficial bioactive compounds should
be considered in the breeding programmes.
Moreover, breeding against physiological disor-
ders including fruit cracking, sunburn, internal
break down of arils or aril browning as well as
tolerance to unfavourable conditions such as
water deficiency, salinity, frost and hot, dry con-
ditions are among the input traits that are re-
ceiving more attention. Region-specific breeding
objectives such as resistance to the pomegranate
fruit moth in Iran as well as bacterial blight in
India need to be considered by breeders.

Attractive colour of fruit skin and arils are
among the most important sensory characteris-
tics of pomegranate. Red and dark red colours
are desirable for fresh consumption and export
purposes in most countries. In the majority of
commercial pomegranate cultivars, red rind and
aril colour, sweet-sour taste and medium fruit
size (250-350 g) are alike. ‘Malase-Tourshe-
Saveh’, ‘Rabab’, ‘Shishe-Kepe-Ferdous’, ‘Malase-
Yazdi’ and ‘Bejestani’ are among the well-known
pomegranate cultivars in Iran with the afore-
mentioned characteristics. Taste is an important
sensory attribute of pomegranate, which highly
affects consumer acceptance. Pomegranates are
divided into three main groups based on their
taste: sweet (low acidic), sweet-sour (intermedi-
ate acidic) and sour (highly acidic). The sweet-
sour taste, with a range of sweeter to sour tastes,
is preferred by consumers to the other two types
in many countries and should be considered in
the breeding programmes.

Fruit size in pomegranate varies greatly
(from <100 g to >600 g) depending on cultivars

and growing conditions. However, medium-
sized fruits with the average weight of 250-350
g are more desirable and should be considered
for commercial cultivars. Thick peeled fruits
may be preferred due to their higher tolerance
to cracking in the orchard and damage during
transportation. Increasing the storage and shelf-
life of fruit is also desirable, and can be attained
through breeding for cultivars with fruits to be
conserved in lower temperatures during the
storage period. Tree yield is an important input
trait that should be considered in the breeding
programmes. Extending the ripening season
to produce very early up to very late ripening
pomegranate cultivars is one of the main objec-
tives in the countries that do not have such geno-
types. Types of consumption, fresh or processed,
also affect the breeding programmes. According
to Feng et al. (2006) pomegranate cultivars in
China are classified into four groups according
to their consumption types: fresh consumption,
processing, decorative, and both decorative and
consumption purposes. For example, colour of
aril juice as well as seed softness would be of
great importance for canned pomegranate arils.
In addition, highly productive trees with thorn-
less strong branches are preferred.

4.9.1 Other breeding objectives related

to scion characters

In scion breeding, breeders should also consider
seed softness, fruit cracking, pest and disease
resistance, freezing and frost tolerance or cold
hardiness, juice content and sunburn toler-
ance. Seed softness is a desirable trait with high
commercial, nutritional and health benefit im-
portance. There are several soft-seed cultivars
in pomegranate producer regions. At least 21
soft-seed accessions have been collected in Iran’s
national pomegranate collection in Yazd city
(Sarkhosh et al., 2008, 2011). Soft- and semi-
soft-seeded cultivars showed more common fruit
attributes such as yellow colour for fruit and aril,
sweet taste or low acidity, low fruit yield per tree,
low fruit weight, high aril juice and large arils
than the hard-seeded cultivars. Therefore, these
types of cultivars were suggested to be used for
breeding soft-seeded cultivars.
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Resistance to pests and diseases are among
the factors that should be considered in pome-
granate breeding projects. Pomegranate is at-
tacked by about 45 species of insects and fruit
is most vulnerable to the attack of the pest (Mir
et al., 2012). Pomegranate production in Iran
is severely hampered by pomegranate fruit
moth (carob moth), Ectomyelois ceratoniae (Lep:
Pyralidae). It is the main pest of Iran’s pome-
granate orchards and also a major constraint
for other pomegranate producing countries
including Turkey, Tunisia, Iraq and Algeria
(Azgandi et al., 2015; Demirel, 2016). The pest
larva highly reduces the fruit quality by enter-
ing the fruit from inside the crown leading to
subsequent fungus contamination of the dam-
aged parts (Fig. 4.5). It is estimated that about
30% of annual pomegranate production in Iran
is damaged by this pest (Azqandi et al., 2015).
Due to the egg placement habit of this moth on
the pomegranate fruit stamens inside the crown
as well as the usual hanging of pomegranate
fruit on the branches, chemical control of this
pest is very hard and most methods of control-
ling this pest have failed. However, gathering
and destruction of leftover infected fruits as well
as proper fertilization can reduce the damage
for the upcoming season (Olyaie Torshiz et al.,
2017). Fruit sensitivity to the pomegranate fruit
moth also differs among various genotypes and
black-skinned fruits or those containing thick
peel are less infested by the pest. High contents
of polyphenolic compounds in the skin of black-
skinned fruits and thick and rough fruit peel,
which can hamper the larva’s movement inside
the fruit, may be among the affecting factors for
lower infestation of these types of fruits. In ad-
dition, because of the closed nature of the fruit
crown in some genotypes, the fruit borer cannot
oviposit inside the crown; hence these types of
genotypes are relatively more resistant to the
pest. Therefore, regarding carob moth resist-
ance, a closed fruit crown could be considered as
a suitable trait for transferring to new commer-
cial cultivars. Reduced damage by carob moth
was obtained by rendering male moths infertile
through gamma irradiation (120 and 160 Gray)
and subsequent release of the infertile males into
the orchards to reduce hatching (Zolfagharieh
et al., 2008). The fruit borer (Virachola isocrates)
is considered as the most important pest of
pomegranate in India, which causes two-fifths
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of the damage to the fruit (Kakar et al., 1987).
Aphis punicae Passerini is also among the insects
that highly affect the leaves, twigs and blossom
of pomegranate mainly during April to early
July. Gene transferring technology can assist
breeders to produce insect-resistant pomegran-
ate through introducing pest-resistance genes
such as those obtained from Bacillus thuringien-
sis, the cry gene, to the commercially susceptible
pomegranate cultivars.

Sunburn of fruit skin is another environ-
mentally caused limiting factor resulting in seri-
ous economic losses to pomegranate producers
all around the world. Sunburn peel damage ap-
pears in the form of large brown to black spots
on the fruit skin, which decreases marketability
as well as juiciness of the arils under the affect-
ed region (Fig. 4.6) (Hosein-Beigi et al., 2019).
Some of the pomegranate cultivars are sensi-
tive to intense sunlight. Shading and spraying
with kaolin are among the horticultural prac-
tices that have been employed to combat this
disorder (Melgarejo et al., 2004; Parashar and
Ansari, 2012; Ghorbani et al., 2015; Olyaie
Torshiz et al., 2017). However, having a high-
density canopy can reduce the direct exposure
of fruit to sunlight. Fruit cracking or splitting
is another pomegranate disorder adversely af-
fecting pomegranate production. According to
available records, sunburn and cracking dam-
ages may account for losses of up to 40-50% of
the total harvest in pomegranate production ar-
eas (Yazici and Ercisli, 2017). This disorder not
only reduces the marketability and consumer
acceptance, but also provides easy entry of in-
sects, fungi, yeasts and bacteria to the fruit and
makes them more susceptible to environmental
stresses. Imbalanced irrigation, high fluctua-
tion in day and night temperatures, low organic
soils, mineral deficiency, rain at harvest time, air
humidity as well as rind moisture and flexibility
are among the factors that will have a profound
effect on pomegranate fruit cracking. Cracking
and sunburn in pomegranate fruits may emerge
separately. However, it is reported that the ratio
of cracking increases in fruits that are subjected
to sunburn (Yazici and Ercisgli, 2017; Hosein-
Beigi et al., 2019). This is due to the effects of
sunburn, which reduces the fruit skin moisture
ultimately resulting in lower pliability of the
skin and subsequent cracking. The likelihood of
fruit cracking increases as the ripening goes on
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Fig. 4.5. Carob moth larva (a), adult pest (b), infestation in the pomegranate flower (c), their effects on
the fruit of pomegranate cv. Bajestani (d—f). (Photos: Abdolkarim Zarei.)

EBSCChost - printed on 2/13/2023 12:34 PMvia . Al use subject to https://ww.ebsco.conterns-of-use



EBSCChost -

122

A. Zarei et al.

Fig. 4.6. Cracking and sunburn as two main physiological disorders in pomegranate cv. ‘Malase-
Torshe-Saveh’. (Photos: Abdolkarim Zarei.)

(with the progress of cold seasons); therefore,
early ripening cultivars are less susceptible to
this disorder than late ripening ones. In addi-
tion, genotypes containing thicker fruit peel are
relatively more tolerant than those with thinner
fruit skin. Therefore, breeding early ripening or
thicker peel cultivars can be exploited to reduced
fruit cracking.

Bacterial Dblight disease caused by
Xanthomonas axonopodis pv. punicae is considered
as one of the main constraints to pomegranate
production in India, with 60-90% incidence in
some regions (Hosamani et al., 2016). The wild
pomegranates in the northern parts of Iran
are also affected by this disorder. The disease
causes brown to black spots on the fruit, stem
and leaves followed by subsequent defoliation
and plant death in severe cases. Therefore, there
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have been several attempts to produce bacte-
rial blight-resistant cultivars in humid regions
(Jalikop et al., 2006; Swetha, 2011; Madhvi,
2015; Hosamani, 2012; Hosamani et al., 2016).

4.9.2 Criteria for rootstock
improvement

Due to the effects of global environment
changes in different parts of the world, the
need for breeding cultivars tolerant to un-
favourable conditions such as frost, heat,
humidity, salinity and drought has gained
more attention during the past decade in
pomegranate-producing regions. In addition,
the recent popularity of this fruit across the
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world has increased the demand for the culti-
vation of this fruit in new regions, which may
not have the ideal conditions for pomegran-
ate production. Therefore, pomegranate is
grown on a wide range of climates and soils.
These reasons indicate the need for breeding
new cultivars with specific characteristics for
each condition. Pomegranate rootstocks need
to be bred for tolerance to water deficiency,
salty, poor and calcareous soils, winter frost,
noxious microorganisms (including bacterial
blight), pests and diseases as well as wood bor-
ers. Controlling tree architecture would be of
great importance for establishment of modern
orchards with mechanized horticultural prac-
tices. Dwarf rootstocks might be desirable for
easy management and mechanical harvesting.

From the perspective of plant architecture,
sucker-free genotypes are preferred. Similar to
other fruit species, the use of dwarf rootstocks
is desirable for the establishment of compact or-
chards for easy handling of horticultural prac-
tices as well as yield improvement. Increasing
tree tolerance to unfavourable conditions such
as water deficiency, salty soils and water, hot,
dry climate, frost hardiness, pest and disease re-
sistance should be considered as region-specific
breeding objectives.

4.10 Rootstock Studies

Although pomegranate is considered as mod-
erately tolerant to salinity (Allen et al., 1998),
water scarcity and salinity are becoming severe
problems in many pomegranate-growing re-
gions. Therefore, several studies have been con-
ducted for identification of salt-tolerant varieties
that could be used as rootstock as well as the par-
ent for hybridization. It is reported that a rooted
cutting of ‘Malas-e-Shirin’ cultivar was tolerant
to up to 40 mM of sodium chloride (Hasanpour
et al., 2014). Increase in salt concentration up
to 30mM increased leaf dry and fresh weight in
‘Shishe-Kab’ while decreasing these factors in
the ‘Rabab’ pomegranate (Hasanpour, 2012).
Although the higher concentration of salt (up
to 60mM) adversely affected both cultivars,
‘Shishe-Kab’ had higher K in the aerial parts of
the plant and showed higher tolerance to salty
conditions than ‘Rabab’ (Hasanpour, 2012).

Salt stress up to 8.5 dS/m had no adverse ef-
fects on the yield of ‘Shishe-Kab’ pomegranate
(Tavousi et al., 2016) but water deficiency sig-
nificantly reduced quantitative and qualitative
characteristics in this cultivar. Therefore, the au-
thors considered this cultivar as a salt-tolerant
and drought-sensitive pomegranate. Salt toler-
ance of various pomegranate cultivars has been
evaluated and two cultivars of ‘Malas-e-Yazdi’
and ‘Tab-o-Larz’ and two cultivars of ‘Gabri’
and ‘Khafr-e-Jahrom’ were reported as the most
salinity-tolerant and salinity-sensitive cultivars,
respectively (Okhovatian et al., 2010). It is re-
ported that salt-tolerant rootstock can signifi-
cantly increase the salinity tolerance of sensitive
scion cultivars either through restriction of the
uptake or transport of Na and Cl ions from the
root to the shoot or maintaining sufficient lev-
els of K in the scion (Karimi and Hassanpour,
2017). These authors used two salt-resistant
pomegranate cultivars of ‘Tab-o-Larz’ and
‘Malas-e-Yazdi' as the rootstock for ‘Gabri’ (a
salt-sensitive cultivar) and reported that Na and
Cl concentrations decreased in the scion. There
was a difference between the two rootstocks in
terms of higher salt tolerance in the scion and it
was obtained by using the ‘Tab-o-Larz’ rootstock
(Karimi and Hassanpour, 2017).

Different combinations of the scion—root-
stock were investigated to evaluate their effects
on tree size, vigour and yield of pomegranate
(Vazifeshenas et al., 2009). It was reported that
grafted plants had a higher yield than the own-
rooted ones, and grafting led to lower vigour and
tree size compared with the own-rooted ones
(Vazifeshenas et al., 2009). ‘Torsh-Mamoly-
Zabol’ was reported as a rootstock that can be
used for reducing tree size and height, as well as
the fruit sunburn disorder; therefore might be a
useful rootstock for the establishment of high-
density orchards. Pomegranate cv. ‘Golnar-
Farsi’ was also suggested to be used as rootstock
for increasing fruit yield and decreasing sucker
production (Vazifeshenas et al., 2009).

Pomegranate drought stress tolerance has
also been the subject of many research stud-
ies (Hasanpour, 2012; Hassani Moghadam
et al., 2014; Ebtadaei and Shekafande,
2016; Pourghayoumi et al., 2017). Hassani
Moghadam et al. (2014) evaluated the drought
tolerance of six Iranian pomegranate culti-
vars at three water deficiency levels including
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80%, 60% and 40% field capacity. High vari-
ation was reported among different cultivars
and ‘Rabab’ and ‘Malase-Yazd' were reported
as the most tolerant while ‘Nadery Badroud’
was considered as the most sensitive cultivar
to drought stress. Accordingly, ‘Rabab’ pome-
granate showed higher tolerance to drought
stress compared with ‘Shishe Kep’ (Ebtadaei
and Shekafande, 2016). Results of another
screening of some famous Iranian pomegran-
ate cultivars against drought stress also indi-
cated that ‘Rabab’ as well as ‘Ghojagh’ have
good tolerance to water stress (Pourghayoumi
etal., 2017). A lower level of lipid peroxidation
under drought stress and marked reduction in
malondialdehyde concentration after rewa-
tering were reported in these two cultivars.
The up-regulation of cytosolic glutathione
reductase and glutation peroxidase was asso-
ciated with drought stress tolerance of these
two cultivars. The high drought tolerance of
‘Ghojagh’ was attributed to efficient osmotic
adjustment and for ‘Rabab’ higher antioxi-
dant capacity and efficient reactive oxygen
species (ROS) scavenging was suggested as the
main factor for increasing drought tolerance
(Pourghayoumi et al., 2017). These authors
reported that ‘Malase-Yazdi’ was the most
sensitive cultivar to drought stress and cyto-
solic glutathione reductase was completely
suppressed under severe water deficiency
(Pourghayoumi et al., 2017). Most of the in-
vestigations indicated that ‘Rabab’ is a drought
hardy cultivar and may be considered for cul-
tivation in regions that are facing water short-
age as well as in breeding programmes aiming
to increase drought tolerance.

Cold hardiness is another limiting fac-
tor restricting pomegranate cultivation.
Pomegranate has considerable soil and cli-
matic adaptations and withstands frosty con-
ditions but will not survive long below —15°C
(Ghasemi Soloklui et al., 2012). In Iran pome-
granate is traditionally grown on the mar-
gins of desert, where the winter temperature
may plunge down to —20°C, causing serious
damage to the tree. In fact, pomegranate cul-
tivated in such regions (like central and north-
eastern parts of Iran) may encounter freezing
damage almost every 10-15 years. The last
pervasive winter freeze in the Iranian pome-
granate orchards occurred in 2007, when
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—21°C temperatures lasted for 3 days and
destroyed more than 8000 ha of pomegran-
ate orchards in Saveh, Isfahan, Ghom, Karaj,
Yazd, Khorasan and other pomegranate pro-
ducer provinces. Moreover, freezing tolerance
has been one of the main objectives of breed-
ing programmes in Turkmenistan and Russia
(Levin, 1979, Levin, 2006; Jalikop, 2011).
Despite the high economic importance of
freezing tolerance for pomegranate producers,
there are few studies about monitoring and
selection of pomegranate geneotypes for this
desirable trait. Ghasemi Soloklui et al. (2012)
studied winter freezing tolerance of seven
Iranian commercial pomegranate cultivars
at three different stages (autumn, midwinter
and late winter) and reported that acclima-
tion and deacclimation occurred at different
times for each cultivar and this factor played
a key role in freezing tolerance of different
cultivars, especially in autumn and late win-
ter. ‘Poost Sefid Bafgh’ was reported as hav-
ing high cold tolerance early in autumn, but
susceptible to the freezing that occurs during
winter. ‘Naderi’, ‘Yusef Khani’, ‘Malas Saveh’
and ‘Rabab’ were reported as the highest
midwinter cold hardy cultivars while ‘Poost
Sefid Bafgh’ and ‘Shishe Kap’ were suscepti-
ble at this stage. The authors concluded that
although an increase in proline content was
observed during the period of cold harden-
ing, there was a stronger correlation between
LT50 and soluble carbohydrates compared
with proline, particularly in the early stages of
acclimation (Ghasemi Soloklui et al., 2012).
Freezing sensitivity is a cultivar-dependent
factor, and it is stated that soft-seed cultivars
are generally less hardy than hard-seed ones
(Jalikop, 2011). Therefore, wider screen-
ing of existing genotypes against cold stress
may result in the identification of freezing-
tolerant genotypes for utilization in breeding
programmes. In addition, modern breeding
strategies could assist the breeders in breed-
ing cold hardy cultivars. For instance, in vitro
selection and mutagenesis have good capacity
for this purpose. Finally, genetic transforma-
tion approaches have high potential to pro-
duce freezing-tolerant pomegranates through
up-regulation of cold-related transcription
factors such as CBF and DREB1, or through
introducing antifreeze proteins.
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4.11 Classical Breeding

4.11.1 Breeding programmes

Different breeding strategies have been used or
have the capacity to be used for pomegranate
improvement. As pomegranate accessions have
a wide range of morphological diversity, most of
the desirable traits that a plant breeder may look
for are likely present in the existing germplasms.
Therefore, selection and subsequent clonal
propagation of genotypes with desirable char-
acteristics are considered as one of the widely
used strategies for improvement of this fruit
species. In fact, most of the commercially culti-
vated cultivars grown in different pomegranate
producer regions in various countries are the
results of human selection. In addition, breed-
ing new cultivars may be achieved both through
classical approaches such as hybridization of ap-
propriate genotypes followed by screening and
selection among the hybrid progenies and/or
backcrossing with the recipient parent, and or
through modern breeding strategies including
mutagenesis, in vitro selection, as well as genetic
transformation.

4.11.2 Selection

Selection is the first and preliminary breeding
strategy that has been used for the improvement
of pomegranate in different regions. The ma-
jority of cultivated pomegranate cultivars are
the result of human selections from naturally
occurring genotypes. In nearly all of the pome-
granate producer regions, most of the pome-
granate cultivars were selected based on the
demands of local consumers. The preferences
for attributes were not the same in all pomegran-
ate regions. Therefore, most of the cultivars that
are extensively cultivated reflect the local priori-
ties of each country or region. For example, the
majority of the Iranian commercial cultivars
are characterized by red colour of arils and rind,
sweet-sour taste with an average weight of 250
g, while the traditional Indian and Spanish culti-
vars are characterized by soft seeds and low-acid
taste (Raina, 2013). Recent awareness of the
beneficial properties of pomegranate fruit has
increased the world demand for this fruit species

and hence elevated the economic importance of
pomegranate for export. However, international
markets constantly affect fruit selection criteria,
which will have an increasing role in pomegran-
ate breeding. In addition, in recent years, global
warming has influenced the majority of the
world regions, hence, synchronizing breeding
programmes with new climate conditions would
be of great importance for retaining the cur-
rent production and increasing it to keep pace
with the increasing trend of market demands.
Climate change might necessitate farmers using
plants that are more tolerant to abiotic stresses
such as winter freezes, water deficiency, salty
water and soils, high pH, heavy metals, as well
as humidity.

4.11.3 Hybridization studies and
progress

Breeding through hybridization enables the
breeders to transfer desirable traits from one
genotype to another and is one of the main ap-
proaches that can be used for the production
of new cultivars. Pomegranate crossing stud-
ies have been started in different pomegranate
producer regions with the aim of breeding new
cultivars.

Breeding through crossing in pomegranate
is a little easier than breeding of most other fruit
crops. Pomegranate has relatively large flowers
making it convenient for emasculation, pollen
collection and hybridization (Fig. 4.7). In addi-
tion, removing of sepals during emasculation
can serve as a good indicator for hybridized flow-
ers and there is no need for bagging and caging.
Moreover, the breeder is able to establish a large
hybrid population as a hybridized fruit can pro-
duce abundant numbers of seeds with relatively
high germination rate. The shorter juvenile
phase of the tree compared with other tree crops
also facilitates the evaluation of fruit character-
istics in the hybrid progeny.

Like other plant species, hybridization in
pomegranate involves the crossing of appropri-
ate genotypes, creating large hybrid popula-
tions and evaluating their characteristics for
identification of promising or superior hybrids.
After performing necessary tests including uni-
formity, distinctness and stability, the superior
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Fig. 4.7. Pollination method in pomegranate tree: (a) selection of appropriate flower bud for
emasculation; (b) removal of calyx cup; (c) removal of stamens; (d) emasculated flower; (e) stored pollen
grains in vial; (f) pollen application with camel’s hair brush. (Photos: Donald Sangam.)

hybrids may be regarded as new cultivars by re-
leasing for public cultivation. However, in most
cases, the promising hybrids could be used as
the plant materials for subsequent breeding pro-
grammes including backcross especially in the
cases where wild types are involved in the cross-
ing (a situation that usually occurs in the disease
resistance programmes). The process of progeny
selection (for desirable characters) after each
backcross cycle of selected progenies with the re-
cipient parent is repeated several times to elimi-
nate the undesirable traits of the wild parent.
Once suitable plants are obtained, they should
be proliferated by vegetative propagation meth-
ods including cutting, layering and or micro-
propagation. Before release phase, the superior
selections should be subjected to new cultivars
tests, which include replicated trials (over times
and over places) for evaluation of their stability,
distinctness and uniformity, all of which are re-
quired for releasing new plant cultivars.

Various attempts have been made to breed
new pomegranate varieties in recent decades.
Pomegranate trees usually have three flower-
ing peaks. This characteristic sometimes makes
natural hybridization impossible. Therefore, pol-
len conservation might be needed for controlled
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pollination. Pollen viability of different pome-
granate cultivars (as tested by acetocarmine) has
been evaluated at different storage temperatures
(—196°C, —20°C, 4°C and room temperature)
(Raina, 2013). The maximum pollen viability
(82.0%) in ‘Ganesh’ was obtained at —20°C fol-
lowed by —196°C (69.5%), 4°C (56.1%) and
room temperature (22.8%) for a 9-week storage
period. The same trend was reported for pollen
germination (on 10% sucrose medium) and the
germination rate of ‘Ganesh’ pollen was 54%,
36%, 24% and 9% at —20°C, —196°C, 4°C and
room temperature, respectively (Raina, 2013).
Results from 50 Iranian pomegranate culti-
vars indicated that pomegranate pollen fertility
varies between 83.0 and 99.3% (Sheidai et al.,
2012).

This fruit species is capable of both open
and self-pollination and has been described as
self-pollinated, cross-pollinated, highly cross-
pollinated or often cross-pollinated. Fruit set
was reported to be 79 and 43.3% for intact open
and self-pollinated flowers and 26.4 and 66.2%
for the same after emasculation (Karale et al.,
1993). It is reported that removing of the pani-
cle bag after hybridization substantially increas-
es fruit set percentage (Singh et al., 1980). These
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authors also expressed that due to the small
stigmatic surface, high fruit set (3.85%) result-
ed from the first deposited pollens and there is
hardly any chance of contamination with for-
eign pollen. Hybridization studies revealed that
some economic characteristics including fruit
peel weight, fruit juice acidity, fruit weight, aril
to fruit ratio, tree yield and number of fruits per
tree showed high heritability and high genetic
advance (Manohar et al., 1981).

It has been reported that ‘Sverkhrannil’,
a newly bred cultivar at Turkmenistan
Academy of Agricultural Sciences, Garrygala
(Turkmenistan), is very early ripening and has
small seeds (Levin, 1990a). However, it seems
that the most intensive breeding programmes
with the objective of pomegranate improve-
ment are underway in India. In this country,
pomegranate cv. ‘Ganesh’ was extensively used
as parent in combination with other cultivars
including ‘Bedana’ and ‘Jyoti’ (characterized by
brownish skin, medium-size fruit, sweet taste
and soft seeds), ‘Kabul’ (characterized by yellow-
red skin, large fruit, sweet taste and hard seeds),
‘Nana' and ‘Kabul Yellow’ (Nageswari et al.,
1999).

‘Ruby’ is a hybrid cultivar characterized
by the sweet taste, low tannin, dark red and
non-sticky arils with soft seeds (Pareek, 1996).
A number of 2900 pomegranate hybrids of
different crosses including F, progenies were
developed by Prasanna Kumar (1998) and
promising hybrids containing the high fruit
quality of ‘Ganesh’ and ‘18 Kabul’ and the deep
red colour of ‘Gulsha Rose Pink’ have been ob-
served. Seven Indian cultivars (‘Ganesh’, ‘Daru’,
‘Kabul Yellow’, Amilidana’, ‘Ruby’, ‘Nana’ and
‘Double Flower’) were crossed to investigate the
effects of different cross combinations as well as
season on fruit set (Jayesh and Kumar, 2004).
Parent type affected the fruit set and the high-
est fruit set was observed in the crosses involv-
ing ‘Ruby’, ‘Ganesh’ and ‘Daru’, while the lowest
fruit set was recorded in the selfing of ‘Kabul
Yellow’ and the crosses that this cultivar was in-
volved in, which was attributed to the poor cross-
and self-compatibility behaviour of this cultivar
(Jayesh and Kumar, 2004). Selfing resulted in
the maximum fruit set and all crosses produced
the maximum fruit set in winter months proba-
bly due to the low temperature and high humidi-
ty conditions, which subsequently increased the

percentage of viable pollens (Jayesh and Kumar,
2004). In order to produce high-yielding and
soft-seeded fruits with blood red aril colour, 69
crosses were performed among six soft-seed and
three hard-seed pomegranate cultivars (Kumar,
2012). Fruit set ranged from 37.60 to 80.95%,
while fruit retention varied from 8.14 to 29.60%
among different cross combinations. A relative-
ly high percentage of seed germination (from
74.12 to 94.53%) was reported for all crosses
and 21,968 seedlings were raised for further
evaluation (Kumar, 2012).

Jalikop (2003) performed a series of hybrid-
ization investigations between ‘Ganesh’ and a
recessive rosette mutant clone of ‘Kabul Yellow’
to reveal the inheritance of the rosette pheno-
type that previously was observed in the ‘Kabul
Yellow’. ‘Ganesh’ is a soft-seed evergreen seed-
ling selection from ‘Alandi’ with poor fruit quali-
ty that is principally grown in India, while ‘Kabul
Yellow’ is a cultivar with no pomological signifi-
cance (Jalikop, 2003). According to the results
of this investigation, the F, progeny of ‘Ganesh’
x rosette mutant ‘Kabul Yellow’ segregated into
recombinant forming rosette (0.12) and normal
types. Therefore, the rosette phenotype was at-
tributed to a recessive mutant gene (ascribed
as rg symbol) in ‘Kabul Yellow’. The author ob-
served that seeds of F, and BC, had very low seed
fertility and concluded that F, possibly carried
a heavy load of lethal genes. In addition, a ten-
dency to regress to normal state was observed in
some of the rosette progeny (nine progeny out
of 31) and attributed these findings to the role
of cryptic transposable elements (Jalikop, 2003).
‘Amlidana’ is a hybrid obtained from a cross be-
tween ‘Ganesh’ x ‘Nana'’ that is characterized by
its more acidic anardana (the processed dry form
of arils) and higher fruit yield per tree than their
parents (Jalikop et al., 2000).

It is reported that two main Indian export
pomegranate cultivars, namely ‘Bahgwa’ and
‘Mridula’, which are characterized by their soft
seeds, red skin colour and evergreen trees, are
selected from offspring resulted from crossing of
‘Ganesh’ and a Russian cultivar ‘Gul Shah Red’
(Holland et al., 2009).

A pomegranate breeding project in Turkey
began in 1997 with the objective of producing
pomegranate hybrids with red rind, dark red aril
and soft seeds in Aegean Agricultural Research
(Onur et al., 1999; Kiiciik, 2007). Reciprocal
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crosses as well as selfing were performed among
five standard cultivars: izmir 16, izmir 23, Izmir
1445, Izmir 1465 and Izmir 1513. Some of the
progeny were planted and 38 superior offspring
were selected for further evaluation (Kiicik,
2007). Hybridization studies were also per-
formed in order to breed sunburn- and cracking-
resistant cultivars in Turkey (Yazici and Ercisli,
2017). The results of the evaluation of 69 select-
ed offspring derived from selfing, open pollina-
tion and crossing of ‘Hicaznar’ (a late ripening
cultivar) with ‘Fellahyemez’, ‘Ernar’, ‘Seedless
IV’ and ‘SeedlessVI' indicated a wider range of
ripening time than their parents, which subse-
quently influenced the cracking and sunburn.
The authors stated that early ripening individu-
als were more tolerant to fruit cracking and sun-
burn while the late season genotypes were the
most susceptible to these disorders (Yazici and
Ercisli, 2017).

Pomegranate breeding in Spain began in
2002 through crossing of selected genotypes
at Valencian Agricultural Research Institute
(IVIA) in Elche (Bartual et al., 2012). The main
objectives of this breeding project are stated
as: sweet, dark red aril and fruit peel, extend-
ing the ripening season as well as resistance to
cracking and sunburn (Bartual et al., 2012).
Hybridization studies in Spain were carried out
using local cultivar ‘Mollar de Elche’ (the most
known Spanish pomegranate, characterized by
soft seeds, sweet taste and yellowish pink fruit)
with international ‘Wonderful’ cultivar with the
objectives of breeding new varieties containing
darker fruit skin and higher antioxidant con-
tent, while keeping the soft seeds (Bartual et al.,
2015). Preliminary results indicated a wide
range of variability in soluble solids (12.9-18.1),
TA (0.29-1.91%citric acid), pH (2.7-4.1), juice
content (17.1-39.4%), and skin and juice col-
our among F, seedlings (Bartual et al., 2015).

The objectives of pomegranate breeding in
Israel were established based on the demands of
European markets including appealing skin and
aril colour (particularly bright red colour) and
seed softness (Holland et al., 2009). The majority
of breeding programmes were based on seedling
selection from existing cultivars. Extending the
ripening season to produce very early and very
late ripening pomegranate cultivars was one of
the main objectives in this region. ‘Emek’ is one
of the successful outcomes of this programme.

printed on 2/13/2023 12:34 PMvia .

‘Emek’ is an early ripening (mid to late August
in Israel conditions) high-quality fruit with red
colour of aril and fruit peel, sweet or sweet-sour
taste, medium-sized fruit and soft seeds that was
bred in Newe Ya’'ar Research Center of Israel
(Holland et al., 2014). The tree is reported to
be self-fertile and self-pollinated, medium sized
with vigorous growth and good productivity.
This new cultivar was selected from screening
of ~800 seedlings originated from open pollina-
tion of P.G.128-29, a cultivar in the Israel Plant
Gene Bank in the Newe Ya'ar pomegranate col-
lection (Holland et al., 2014). This cultivar was
characterized by pink red skin, bright red arils,
soft seeds and sweet taste with heavier fruit and
earlier ripening time than ‘Shani-Yonay' (Bar-
Ya'akov et al., 2007). ‘Kamel’, a selection from
Newe Ya'ar, which resembles ‘Wonderful’ with
regard to fruit quality and tree architecture, is
one of the newly bred cultivars, which ripens
a month earlier than ‘Wonderful’. Cross-based
breeding programnes also initiated in this re-
gion to breed very early ripening cultivars that
are tolerant to the negative effects of heat on
the anthocyanin content of rind and aril. There
are hybrid populations derived from ‘Wonderful’
and an evergreen cultivar from India and their
F, selfed progenies were used to study the inher-
itance of anthocyanin as well as the evergreen
phenotype (Bar-Ya'akov et al., 2007).

Recently pomegranate breeding in Sri
Lanka has begun with the purpose of increas-
ing tree yield as well as producing high-quality
fruits with red colour of peel and arils and soft
seeds with three local cultivars ‘Daya’, ‘Nayana’
and ‘Nimali’ as well as a promising accession,
‘Kalpitiya Red’, using the full diallele method
(Kumari et al., 2017). The authors observed wid-
er ranges for most of the studied attributes in the
hybrid plants than their parents as well as posi-
tive heterosis for tree yield, number and weight
of fruits, 100 arils weight, TSS, juice volume and
pH over the mid and superior parents.

Nahla et al. (2014) crossed pomegranate
cv. ‘Manfaloty’ from Egypt with five other cul-
tivars (‘Eversweet’, ‘Sweet’, Aca’, ‘Wonderful’
and ‘Blackberry’) and evaluated physical and
chemical parameters in the fruits of these
crosses. They reported that fruit set ranged
from O to 100% in different combinations. The
authors also reported that the source of pol-
len grains significantly affected qualitative and
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quantitative fruit characteristics and suggested
that ‘Sweet’ cultivar is the appropriate pollinator
for improving physical and chemical attributes
of ‘Manfaloty’ cv. Xenia. Effects were also report-
ed in Iranian and Indian pomegranate cultivars
(Gharaghani et al., 2017; Singh et al., 2017). It
isreported that the pollen source not only affects
fruit set and its characteristics, but also influ-
ences seed germination (Singh et al., 2017). In
fact, it seems that seeds derived from some of
the crosses are sterile. Therefore, it could be con-
cluded that some of the pomegranate genotypes
are cross-incompatible and identification of the
proper pollinators in pomegranate orchards is of
great importance.

As mentioned previously, freezing injury
is one of the restricting factors for pomegran-
ate cultivation in temperate regions. One of
the main objectives of pomegranate breed-
ing programmes in such regions is obtaining
freezing-tolerant cultivars. Efforts for breed-
ing freezing-tolerant cultivars were made in
Turkmenistan (Levin, 1979) and hardy hybrid
plants were obtained by successive hybridization
(Levin, 2006).

Most of the breeding programmes in China
have been focused on fruit quality. These in-
clude good-quality fruit ‘Dui Hong 1’, ‘Duo Qing
11’ and ‘Duo Bai 2’ (Liang and Cheng, 1991),
‘Zaoxuan 018’ and ‘Zaoxuan 027’ (Wang et al.,
2006), soft-seeded ‘Hongmanaozi' (Wang et al.,
2006) and early ripening ‘Yushiliu 4’ (Zhao
et al., 2006).

From the scant breeding programmes un-
derway in Iran, a breeding programme started
at the Department of Horticultural Science,
University of Tehran can be mentioned. The
purpose of this programme was to obtain soft-
seed genotypes by obtaining progeny from
selfing, open pollination and crossing a com-
mercial cultivar (‘Malase-Tourshe-Saveh’)
with a soft-seeded genotype (‘Bihaste-Ravare’)
(Zamani et al., 2010). However, the number of
hybridization studies in Iran as the main cen-
tre of origin and centre of diversity of pome-
granate is very low, which may be due to the
extensive variations available in the existing
cultivars and genotypes that have been selected
and cultivated in different geographic regions
in this country during the long pomegranate
cultivation history.

4.11.4 Inheritance of traits

There are few reports about pomegranate hy-
bridization with the aim of uncovering the
heritability of desirable attributes. The role of
maternal inheritance was emphasized in pome-
granate crosses by Zamani et al. (2010). The re-
ciprocal crossing of ‘Daru’ and ‘Ganesh’ in India
resulted in progeny with pink coloured arils,
high acidity and hard seeds (Jalikop et al., 2005).
Moreover, it was found that white colour of aril
was recessive to the pink colour, low acidity was
always recessive to high acidity and soft seed was
recessive to hard seed (Jalikop et al., 2005).

In a breeding programme with the aim of
breeding bacterial nodal blight (Xanthomonas
campestris pv. parthenii) resistant pomegranate
cultivars by using ‘Daru’ cultivar, it was found
that resistance to this disease is controlled by
recessive genes (Jalikop et al., 2005). Ataseven
Isik (2006) studied the inheritance of some fruit
characteristics including colour of peel and aril,
taste and seed softness using different combina-
tions of crosses between ‘Fellahyemez’, sweet-
sour ‘Hicaznar’ and sweet ‘Ernar’, and reported
that when a sweet-sour and the sweet cultivars
were hybridized, 40% of progeny had a sweet
taste, while 90% of progeny resulting from two
sweet tasting parents were sweet-tasting them-
selves. Karale and Desai (2000) investigated the
heterosis of some pomegranate fruit attributes
in individual hybrids compared with midpar-
ental values and reported that the highest het-
erosis was recorded for the percentage of juice
weight followed by aril weight, fruit weight,
fruit perimeter and rind thickness. The authors
reported that none of the crosses recorded sig-
nificant heterosis over their superior parent in a
favourable direction for the evaluated attributes.

It is reported that seed softness is a multi-
genic characteristic (Jalikop et al., 2005; Jalikop,
2010; Lu et al., 2006; Zamani et al., 2010) and
many pomegranate cultivars are heterogene-
ous for this trait (Glozer and Ferguson, 2008).
According to their inheritance pattern, hard
seeds and red and pink aril colour are dominant
over soft seeds and white arils (Jalikop et al.,
2005). The results of a Spanish breeding pro-
gramme also indicated that hard seeds and red
aril colour traits are dominant over soft seeds
and pale aril colour (Bartual et al., 2015). It
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seems that colour of fruit and flowers as well
as vegetative parts of the plant are monogenic
traits, and red and pink colours are dominant to
yellow. A single dominant gene is considered as
the cause of the red colour of the fruit peel, flow-
er bud, leaf border and petiole base in ‘Ganesh’
cultivar, while the recessive form of this gene is
responsible for the yellow colour of the afore-
mentioned parts in the ‘Kabul Yellow’ cultivar
(Jalikop and Kumar, 1990). However, accord-
ing to Jalikop (2011) fruit peel colour is a poly-
genic trait and is affected by sunlight. Strebkova
(1974) observed that mottled pink petals, double
petals and bright petal colour were dominant.
The flower type is controlled monogenically and
the ornamental flower type called double flow-
er (in which the stamens are changed into the
petals) is dominant over the normal flower type
(Strebkova, 1974). According to Jalikop (2007)
‘Double Flower’ types are able to produce fruit
and it is suggested that the cultivated fruit type
pomegranates with normal flowers took part
in the development of this pomegranate flower
type. Pollination of ‘Double Flower’ flowers by
pollen of ‘Ganesh’ (a sweet cultivar) resulted in
the production of hard seed and highly acidic F
fruits (Jalikop, 2007). Therefore, it is suggested
that occurrence of a dominant mutation in a
homeotic locus (Df) of a sour genotype may have
been responsible for stamens’ conversion into
petals. So the ‘Double Flower’ is considered as
a heterozygous (Dfdf) specimen that has been
propagated clonally (Jalikop and Kumar, 2009).

According to Jalikop (2011) large fruit size
is dominant to small fruit size and red/pink aril
colour is dominant to light pink/white and is
affected by temperature. It is also reported that
high acidity is dominant over sweet or low acid-
ity of fruit and the gene symbol SS has been as-
signed to this locus (Jalikop, 2007). The author
stated that a major gene determines high acidity
while some modifying genes with small effects to
some extent cause the variations that are within
the sweet or sour genotypes. Because some prog-
eny derived from two sweet pomegranate culti-
vars (‘Kabul Yellow’ and ‘Ganesh’) were highly
acidic, this was attributed to the linked domi-
nant alleles or epistatic effects of vicinity loci,
which is similar to the overdominance effect
(pseudo-overdominance).

It is reported that in pomegranate a sin-
gle recessive gene controls rosette growth habit
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(Jalikop, 2011). In addition, based on the occur-
rence of the rosette growth habit in the F, prog-
enies of ‘Ganesh’ and ‘Kabul Yellow’, it was
concluded that arecessive mutantlocusin ‘Kabul
Yellow’ is responsible for the rosette growth na-
ture and the gene symbol of rg was assigned to
this locus (Jalikop, 2003). Moreover, fruit weight
and perimeter, TSS, colour and weight of aril,
plant height, as well as seed hardness were re-
ported to be inherited quantitatively and some
of their QTLs were mapped on the pomegranate
genetic map (Harel-Beja et al., 2015).

4,12 Breeding Through
Biotechnology

In addition to classical breeding programmes,
new breeding methods are also opening new
avenues in pomegranate breeding programmes.
These methods include gamma irradiation
(Kerkadze, 1987), chemical mutagenesis (Shao
et al., 2003; Matuskovic and Micudova, 2006),
tetraploid induction (Shao et al., 2003) and ge-
netic transformation (Terakami et al., 2007).

4.12.1 Mutation breeding

Mutation breeding is a technique that uses dif-
ferent mutagen agents to induce sudden herita-
ble changes in the genetic materials (and in turn
in the resultant characteristics) that are not de-
rived from recombination or genetic segregation
(Van Harten, 1998). Mutation in genetic mate-
rial is considered as a natural phenomenon that
occurs spontaneously in nature and plays an
important role in expanding the genetic diversi-
ty of different organisms and subsequent evolu-
tion of different species. However, some artificial
mutation agents were discovered that are able
to accelerate this phenomenon. These agents
are called mutagens and are grouped into two
broad categories; namely physical and chemical
mutagens (Mba et al., 2010). Cosmic, gamma
and X-rays are among the most widely used
physical mutagens, and alkylating agents in-
cluding ethyl methanesulphonate (EMS), diethyl
sulfate (DES), ethyleneimine (EI), methyl nitro-
zourethane (MNU), ethyl nitrosourea (ENU) and
azides are among the most widely used chemical
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mutagens. Although it is documented that fre-
quency and types of mutations are direct results
of dosage and rate of exposure or administration
of the mutagen, chemical mutagens are prefer-
ably used for induction of point mutations, while
physical agents induce gross lesions such as
chromosome abbreviations or rearrangements
(Kunzang et al., 2017). However, because the
majority of the mutants are recessive and have
little or no use, success in mutation breeding is
highly dependent on the creation of a large mu-
tated population to find a desirable type, which
is the main reason for lack of popularity of this
method among fruit breeders.

4.12.2 Gamma irradiation

Mutagenesis through irradiation is one of the
approaches that have been used successfully
for many plant species including pomegranate
with the aim of producing new cultivars as well
as expanding the existing diversity. Seeds and
cuttings of pomegranate were subjected to the
1-40KkR of gamma radiations and new variants
with a wider range in fruit yield, size and qual-
ity were reported (Akhundzadeh et al., 1977).
Based on their observations, Akhundzadeh
et al. (1977) reported that sweet-tasting culti-
vars were more sensitive to gamma radiation
than sour or sweet-sour cultivars. Gamma ra-
diation of seeds, cuttings and pollen of pome-
granate at 5-10 kR resulted in a high level of
variability (Akhundzadeh, 1981). It is reported
that pomegranate cultivar ‘Karabakh' result-
ed from gamma-irradiated plants (Kerkadze,
1987). Good quality of fruit and juice as well
as good keeping quality were obtained in the
seedlings irradiated by 10-20 kR gamma rays
(Levin, 1990Db). From the second day after cul-
ture, gamma rays 250R/h to a total of 4-64
KR were used to induce mutation in the leaf
explants of P granatum var. ‘Nana’ (Omura
et al., 1987). High doses (64 kR) of gamma
radiation severely inhibited callus and bud for-
mation and reduced numbers of shoots on each
explant. Regenerated plants were significantly
different from normal ones with regard to leaf
shape and growth habit as well as pollen vi-
ability (19.7% pollen grains were sterile). The
frequency of variations was very high in the

leaf shape. Narrow leaves, thread-like, round,
lanceolate, slender and curly leaves were some
of the irregularities and the two latter were the
most frequent. Growth habit variations were
reported, such as plantlets with upright habits
containing more leaves as well as more dwarfed
plants. The dwarf phenotype was reported
from irradiated pomegranate plants (Mohan
Jain, 2010; Ulukapi and Gul Nasircilar, 2015).
In order to obtain bacterial blight-resistant
variants, seeds of ‘Kesar’ cultivar were treated
with various gamma ray concentrations and
significantly different morphological charac-
teristics were reported in the resulting plants,
which included different plant height, number
of branches, canopy spread and number of
bacterial blight lesions on leaves (Sangamesh,
2014). However, after 12 days of bacteria in-
oculation on 1-year-old plants, moderately
resistant variants were observed at gamma
ray doses of 10, 15, 20 and 25Gy. It is also
reported that ‘Taihanghong’, ‘Hongmanaozi’
and ‘Hongyushizi’ are among the new varieties
that were obtained from natural mutation (bud
sports) of three Chinese cultivars (Zhao, 2007).

4.12.3 Chemical mutagenesis

Chemical mutagenesis has also been used for
inducing mutation in pomegranate. EMS has
become the mutagenic agent of choice, due to
its effectiveness, ease of handling as well as de-
toxification through hydrolysis for disposal of
nitrose compounds. Therefore, EMS has been
used extensively for many plant species to induce
mutation. Cotyledon explants of pomegran-
ate were subjected to different concentrations
of EMS (0.1-0.9%) for 1, 2, 3 and 3.5h. It is
reported that the lethal dose (LD50) of EMS
for pomegranate was observed at 0.3% for 1h
(Sangamesh, 2014). The optimum dose of EMS
for the maximum percentage of pomegranate
survival was reported to be 0.1-0.2%. Usage of
different chemical mutagens such as natrium
azid for inducing mutation in pomegranate have
reported (Matuskovic and Micudova, 2006).
Promising mutants of pomegranate were also
obtained with N,N-dimethyl-N-nitrosurea treat-
ments (Levin, 1990Db).
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4.12.4 Colchicine treatment

Polyploidization is a technique usually used in
different horticultural crops with the purpose
of expanding vegetative as well as reproduc-
tive organs. This technique is widely used in
ornamental plants for obtaining new plant ar-
chitecture, colour and bigger flowers, as well as
in medicinal plants for increasing plant mass.
However, in fruit species this technique could be
used for production of polyploid plants, which
could serve as parents in breeding programmes
with the purpose of obtaining triploid progenies.
Tetraploid plants usually have larger plant or-
gans than diploid ones, which may lead to the
evolution of variants with larger fruit and arils
with improved quality. Tetraploid pomegranate
was obtained under in vitro conditions by shoot
node explants (Shao et al., 2003). For this pur-
pose, 10mg/1 colchicine was used in the solid
MS (Murashige and Skoog, 1962) medium sup-
plemented with 0.1 mg/l 1-naphthaleneacetic
acid (NAA), 1.0mg/l benzyladenine (BA) and
400mg/]1 activated charcoal. It is reported that
after a 30-day period, 20% of regenerated plants
were tetraploid in this medium. The tetraploid
plants were differentiated from diploid plants
by shorter roots as well as wider and shorter
leaves. These plants grew normally, but their
flowers were shorter and bulkier (with larger
diameter) than the flowers of normal plants.
Tetraploid flowers had higher numbers of pol-
len grains per anther with lower viability than
diploid flowers. In addition, it is reported that
shoots cultured on the same medium supple-
mented with 5000mg/h colchicine for 114h
did not induce tetraploid plants, while three
morphological mutants that were characterized
by their narrow leaves were detected with the
same concentration for 96 h. Further investiga-
tions revealed that these mutants were mixop-
loids that produced diploid and tetraploid plants
when subcultured (Shao et al., 2003). These au-
thors concluded that since tetraploid pomegran-
ate plants were semi-fertile, they could serve as
parents in hybridization programmes for cross-
ing diploid and tetraploid plants to produce seed-
less triploids (Shao et al., 2003). However, as the
edible part of pomegranate is fleshy tissue grow-
ing from the seed integument surface cells, seed-
less plants are not preferred in this species, and
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tetraploid plants might have the potential for
different horticultural purposes other than seed-
less plants. Meanwhile, for triploid production
in pomegranate, endosperm culture could be an
alternative strategy. As pomegranate trees are
easily propagated by cutting and layering as well
as micropropagation methods, there is no robust
barrier to multiplication of triploid plants.

4.12.5 Tissue culture studies

Pomegranate has been subjected to several tis-
sue culture studies over the past few years.
Several protocols have been developed for direct
in vitro propagation of pomegranate through
axillary shoot proliferation from different ex-
plants including nodal segments (Zhang and
Stolz, 1991; Naik et al., 1999, 2000; Murkute
et al., 2004; Kanwar and Rachna Kashyap,
2004), cotyledonary node (Sharon and Sinha,
2000) and shoot tips (Murkute et al., 2004).
In addition, indirect plant regeneration has
been reported from different explants includ-
ing leaf (Omura et al., 1987; Murkute et al.,
2002), cotyledon (Murkute et al., 2002; Deepika
and Kanwar, 2008; Kanwar et al., 2010b) and
anther (Moriguchi et al., 1987). According to
Kalalbandi et al. (2014) among different sub-
stances that were used for surface sterilization
of explants (NaOCl, HgCl, and Na methiolate)
0.1% mercuric chloride for 10 min resulted in
the maximum survival (90.58%) and the mini-
mum microbial contamination (9.52%).

Due to the high polyphenol content of dif-
ferent pomegranate organs, culture browning is
one of the impediments in pomegranate tissue
culture studies (Murkute et al., 2003). Different
approaches have been used to overcome this
problem. Use of absorbents (such as activated
charcoal, polyvinylpyrrolidone (PVP)), addition
of antioxidant to the media or soaking explants
in antioxidant solution prior to culture establish-
ment, as well as frequent subculture, are among
the most common procedures that have been
used successfully to overcome culture brown-
ing for establishment of pomegranate tissue
culture (Mahishni et al., 1991; Al-Wasel, 1999;
Naik et al., 2000; Murkute et al., 2004; Singh
and Khawale, 2006; Singh et al., 2007; Agamy
et al., 2009) . However, specific approaches have
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also been successfully tested in pomegranate in-
cluding rapid subculturing on the first and third
days after inoculation and reducing explant size
(Murkute et al., 2004; Chaugule et al., 2005;
Singh and Patel, 2016) as well as sealing the cut
edges of the explant with sterile wax to reduce
phenolic compound exudation (Singh et al.,
2007), which resulted in a higher rate of plant
regeneration.

Different media have been used for tissue
culture optimization of two pomegranate culti-
vars (‘Manfalouty’ and ‘Nab El-Gamal’) such as
MS (1962), Nitsch & Nitsch (N&N, Nitsch and
Nitsch, 1969) and woody plant medium (WPM),
among which WPM resulted in the better sur-
vival of explants, plantlet height and number of
leaves per shoot (Agamy et al., 2009). Among
different plant growth regulators used for pro-
liferation, BA (1.0mg/l) and kinetin resulted in
the highest growth (six shoots per explant) and
the lowest (three shoots per explants), respec-
tively. The same trend was reported for the num-
ber of leaves per plantlet. For rooting medium,
0.25mg/l NAA and 0.25mg/l indole-3-butyric
acid (IBA) induced the highest value of rooting
for ‘Manfalouty’ and ‘Nab El-Gamal’ cultivars,
respectively, while half-strength WPM resulted
in longer roots than full-strength WPM for both
cultivars.

Some of the studies used P. granatum var.
‘nana’ for optimization of tissue culture media.
Bonyanpour and Khosh-Khui (2013) analysed
different concentrations of BA and NAA in MS
medium for callus induction in a local genotype
of dwarf pomegranate. It was reported that the
highest callus induction was attained in the
medium supplemented with 1.0mg/l BA and
0.2-0.4 mg/I NAA after 40 days, while the high-
est callus growth was reported from 1.0 mg/I BA
and 1.0mg/l NAA. According to these authors,
medium supplemented with 5mg/l BA and
0.1 mg/l NAA resulted in the highest number of
shoots (seven shoots per explant). However, the
highest shoot proliferation was attained in the
WPM containing 5 mg/I kinetin. In order to in-
duce root formation on the shoot explants, WPM
supplemented with 0.2 mg/l IBA resulted in the
maximum root percentage (100%) and root
growth (2.06 cm and two roots in each explant).
Different juvenile explants of ‘Kandhari Kabuli’
have been tested for callus induction in MS medi-
um supplemented with different concentrations

of NAA (8-13uM) and BA (9-18 uM) (Deepika
and Kanwar, 2010). The maximum percentage
of callus induction and regeneration rate was
reported from cotyledon, hypocotyl, internode
and leaf explants, respectively. Half-strength MS
medium supplemented with 500 mg/1 activated
charcoal was shown to be the best condition for
root induction of ‘Kandhari Kabuli’ cultivar.

According to Kalalbandi et al. (2014)
shoot tip was the best explant for culture estab-
lishment and low microbial contamination in
‘Bhagawa’ and the highest number of shoots
was obtained in the MS medium containing
2.0mg/l 6-benzylaminopurine (BAP) while
the best rooting condition resulted from half-
strength MS medium supplemented with 8 mg/1
NAA. Patil et al. (2011) also used MS and WPM
supplemented with 0.2-2mg/l BAP, 0.1-1 mg/1
NAA, 0.5-2.5mg/l AgNO, and 30 mg/] adenine
sulfate for establishment of tissue culture in
nodal explants of ‘Bhagava’ cultivar and report-
ed that MS medium resulted in the higher plant-
let survival, and the highest rate of proliferation
(10-15 shoots per explant) was obtained in
MS medium containing 1.8 mg/l BAP, 0.9 mg/1
NAA, 1mg/l silver nitrate and 30 mg/l adenine
sulfate. Equal rooting responses were reported
in both media supplemented with 0.5 mg/l NAA
and 0.5mg/l IBA; however, IBA resulted in
thicker roots.

In another report, results of MS and WPM
compared in two Iranian pomegranate cultivars
(‘Malase Saveh’ and ‘Yousef Khani') revealed
that WPM (supplemented with 4.7-9.2 pM ki-
netin) was more efficient for micropropagation
of these cultivars, while half-strength WPM me-
dium containing 4.4 uM NAA was more effective
for rooting (Valizadehkaji et al., 2013).

4.12.6 Somatic embryogenesis

Somatic embryogenesis could provide appro-
priate plant materials for clonal multiplication,
genetic transformation and the production of
synthetic seeds. Under in vitro condition, so-
matic embryos might be obtained directly from
explants cultured on the medium or indirectly
after callus induction from explants. Both direct
and indirect somatic embryogenesis have been
reported from pomegranate.
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Induction of somatic embryogenesis has
been reported in pomegranate from various
explants including cotyledon, hypocotyl, stem
and leaf segments of 3-weeks-old seedlings
(Jaidka and Mehra, 1986), petals (Nataraja and
Neelambika, 1996), immature and mature zy-
gotic embryos from unripened and ripened fruits
(Bhansali and Raj Bhansali, 1990; Kanwar
et al., 2010a), shoot tip (Helaly et al., 2014) and
hypocotyl (Bharose et al., 2014). MS medium
was the most frequently used for somatic em-
bryogenesis in pomegranate. It is reported that
MS medium supplemented with sucrose, casein
hydrolysate, L-glutamine and myo-inositol can
induce embryos from somatic tissues of pome-
granate (Bhansali and Raj Bhansali, 1990).
According to Bharose et al. (2014) the greatest
amount of embryogenic callus was obtained
from hypocotyl explants on MS medium supple-
mented with 0.5mg/1 2, 4-D and 0.5 mg/l kine-
tin. Helaly et al. (2014) used shoot tip explants
of four pomegranate genotypes for induction
of embryonic callus on the MS medium supple-
mented with different concentrations of 2,4-D.
The authors were able to produce embryonic cal-
li within 6 weeks in MS medium supplemented
with 1mg/1 2,4-D and reported that embryonic
callus induction levels were significantly differ-
ent among pomegranate genotypes. However,
embryogenesis was also successful in other basal
media such as B5 and RBM-I (revised basal me-
dium I, the name assigned by the authors for a
medium used for pomegranate embryogenesis)
(Bhansali and Raj Bhansali, 1990; Sinha and
Sharon, 1997).

Different auxins including IBA, NAA,
indole-3-acetic acid (IAA), and 2,4-D singly
or in combination with Kin and BAP were re-
ported to be effective plant growth regulators
for embryogenesis induction in pomegranate
(Bhansali and Raj Bhansali, 1990; Nataraja and
Neelambika, 1996; Sinha and Sharon, 1997;
Kanwar et al., 2010a). Surprisingly, application
of 2,4-D, which is considered as an effective hor-
monal treatment for inducing somatic embryos
in most plant species (Rai et al., 2010), is not
usually the best auxin for P. granatum. Beside
the concentrations, the ratio of plant growth
regulators is also an important determinant of
a culture’s destination. Generally, high ratios of
auxin/cytokinin are essential for the embryo in-
duction stage, while reducing or eliminating the
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auxin promotes embryo development. Coconut
water has also been reported as an essential in-
gredient of embryogenesis induction media for
pomegranate (Steward et al., 1964). In addition,
several studies showed the best response in dark
conditions (Bhansali and Raj Bhansali, 1990;
Kanwar et al., 2010a). An increase in the con-
centration of sucrose (6%) and a decrease in the
media strength (for example using half-strength
MS medium) as well as adding activated char-
coal (0.3%) in the medium is required to give
rise to mature somatic embryos in the plantlets
(Bhansali and Raj Bhansali, 1990; Nataraja
and Neelambika, 1996). Low germination rates
(e.g. 4.45% in a report of Kanwar et al., 2010a)
were reported as the major limiting factor for so-
matic embryogenesis induction in pomegranate.
In fact, for commercial application of somatic
embryos, the germination rate should be up to
80-85% (Rout et al., 2006). Therefore, more
investigations are needed in this plant species
to improve the germination rate of somatic em-
bryos to plantlet.

4.12.,7 Somaclonal variation and in vitro
selection

Tissue culture conditions can induce higher
mutation rates in the genetic materials com-
pared with normal conditions: the phenomenon
that is called somaclonal variation (Larkin and
Scowcroft, 1981). It is reported that the frequen-
cy of somaclonal variation in the whole plant
can be 10,000 times higher than spontaneous
mutation (Teixeira da Silva et al., 2013). These
types of variations can arise from chemicals
used under long-term in vitro conditions and the
bare nature of explants in the tissue culture that
have no protective tissues and are more exposed
to the chemicals used. In fact, the tissue culture
conditions provide the appropriate situation for
developing a mutated cell into the whole plant.
Such variations can expand the existing genetic
diversity and serve as a potential valuable source
for breeding programmes. However, in spite of
many claims regarding the potential applica-
tions of such variations in plant breeding, there
is no report about major crop species that have
resulted from these variants.
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Tissue culture techniques can also be used
for selection of plant materials that are toler-
ant to specific stresses, the phenomenon that is
known as ‘in vitro selection’. In fact, by using dif-
ferent lethal and sublethal concentrations of a
stressful agent under in vitro conditions contain-
ing dividing cells, the researchers are able to se-
lect the mutated cells (the so-called escape) that
are more tolerant to that unfavourable condition
and could be of high importance in breeding
programmes. So far this aspect of tissue culture
techniques has been widely used for breeding
objectives, especially in selection for stress tol-
erance. From the scant in vitro selection studies
in pomegranate, we can mention the attempt
for producing bacterial resistance in this fruit
species. To do this, pomegranate cultures were
screened for resistance to Xanthomonas axonopo-
dis pv. punicae, which is responsible for bacterial
blight disease, and Ceratocystis fimbriata, which
is responsible for pomegranate wilt disease
(Madhvi, 2015). For this purpose small pieces
of calli from pomegranate cv. ‘Kandhari Kabuli’
were cultured on callus proliferation medium
supplemented with 5-40% of bacterial cul-
ture filtrate and 5-50% fungal culture filtrate.
Selection against bacterial disease showed that
about 13% calli survival was observed at the
25% level of bacterial culture filtrate and no sur-
vival was detected at the 30% level. In the case
of pomegranate wilt, 40% fungal culture filtrate
resulted in about 19% calli survival and no sur-
vival was detected at higher concentrations.

4.12.8 Anther culture and haploid
production

Haploid production through in vitro culture
of the anther (androgenesis) or ovule (gyno-
genesis) is one of the most valuable outcomes
of tissue culture technique and can be used to
shorten the period that is required for breeding
programmes, especially in fruit crop species.
The haploid plants can be converted into ho-
mozygous diploid plants that are excellent ma-
terials for different purposes including crossing
as well as the study of inheritance of different
attributes. There are a few reports of unprofit-
able attempts with the aim of producing haploid
plants through anther culture of pomegranate.

One of the reports is about dwarf pomegran-
ate cv. ‘Issaizakuro’. Its anthers were cultured
at the uninucleate to binucleate stage on the
MS, Miller (M) (Miller, 1965) and N&N media
in dark conditions (Moriguchi et al., 1987).
Among three tested basal media, M and MS
were superior to N&N and 20% of anther cul-
tures produced calli after 30 days on these two
media supplemented with 5puM BAP and NAA
in dark conditions. Although the authors were
successfully able to produce shoots from these
calli after 3 weeks of transferring the explants
on to half-strength MS medium supplemented
with 0.5 uM NAA and 2.0 uM BAP, all of the re-
generated shoots had the diploid chromosome
number (2 n = 18) and no haploid was detected.
Supplementary histological studies revealed
that calli were originated from the somatic cells
of anther wall (tapetal cells) and not from mi-
crospores resulting from microsporogenesis.
In addition, shoot regeneration capacity from
anther-derived calli has been found to be very
low, as out of 2391 cultures only 10 were re-
generated to shoots with low proliferation (one
or two per explant). Low-frequency shoot re-
generation capacity of anther-derived calli may
indicate that haploid production may be lethal
in pomegranate and it could be concluded that
some of the anther-derived calli were haploid
in this investigation and were not able to con-
vert to a viable plantlet. According to Naik and
Chand (2011), Mascarenhas et al. (1988) tried
to produce haploid plants from anther culture of
‘Ganesh’ and ‘Muskat’ pomegranate cultivars.
These authors reported that anther culture on
the N&N medium supplemented with 0.5mg/1
kinetin, 0.5 mg/l TAA and 0.2mg/]1 BA resulted
in compact, nodular calli with embryoid-like
structures. However, only root and leaves were
regenerated on Nitsch medium containing 0.5—
1.0mg/ITAA and 0.1-4.3 mg/1 BA, respectively.

4.12.9 Genetic transformation

With the advent of new biotechnology ap-
proaches, the plant breeding cycle has been
highly accelerated. Genetic transformation is
one of the procedures that has led to significant
progressin plant breeding during recent decades.
Genetic transformation studies in pomegranate
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are far fewer in number than on model plants
or staple crops. However, there are several re-
ports on pomegranate transformation using
different systems, which mostly were carried
out with the purpose of optimization of trans-
ferring methods. Some of the authors indicated
that pomegranate is a difficult-to-transform tree
(Valizadeh Kaiji et al., 2014; Valizadeh Kaji and
Abbasifar, 2017), while some others encoun-
tered minor problems with pomegranate trans-
formation (Terakami et al., 2007; Helaly et al.,
2014). Most of the transformation studies in
pomegranate used Agrobacterium tumefaciens as
the transformation vehicle. Transformation us-
ing Agrobacterium offers several advantages over
direct gene transfer methods. This method re-
duces the copy number of the transgene, poten-
tially leading to fewer problems with transgene
co-suppression and instability.

Terakami et al. (2007) reported the first
investigation on transgenic pomegranate.
These authors subjected leaf segments of dwarf
pomegranate (P. granatum var. ‘Nana’) to the
Agrobacterium tumefaciens strain EHA105 har-
bouring a binary vector pBin19-sgfp with green
fluorescent protein (gfp) and neomycin phos-
photransferase (nptIl) genes as reporter and
selectable markers, respectively. Putative trans-
formed shoot segments were selected on the MS
medium containing 0.5uM NAA, 4.0uM BA,
50.0mg/l kanamycin, 10 mg/l meropenem and
0.3% gellan gum after 6—8 months. A relatively
high transformation rate (at least one transfor-
mant per adventitious shoot) was reported for
dwarf pomegranate, and the inheritance of the
transgene was confirmed in the T, generation.
In addition to high transformation rate, trans-
formed dwarf pomegranate plants were able to
produce fruit in a short period (within 3 months)
after transferring to the pot. Therefore, based on
these two characteristics, dwarf pomegranate
was suggested as a good model plant that can be
exploited for transformation studies in different
fruit tree species (Terakami et al., 2007).

Agrobacterium tumefaciens strain EHA 105
harbouring the plasmid pBinBtl (containing
CrylA(b) and nptII genes) was also used to in-
vestigate the efficiency of different explants
(somatic embryo, shoot bud and cotyledon) as
well as regeneration methods (callus cultures
using embryonic explants, direct regeneration
of shoot buds and cell suspension of cotyledon
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explants) for transferring CrylA(b) gene into
pomegranate ‘Kandhari Kabuli’ (Verma et al.,
2014). Among the three different examined ex-
plants and regeneration systems, cotyledonary
calli on cell suspension methods had the high-
est transformation frequency (13.54%) followed
by embryonic explants via indirect regeneration
(8.7%) and shoot bud explants through direct
regeneration (3.33%). However, the plating ef-
ficiency of transgenic cells derived from cotyle-
don explants in the cell suspension, which plays
an important role in the regeneration of trans-
formants, was very low. Among three different
regeneration methods, regeneration through
callus-derived embryos was reported as the best
system (23.33% regeneration) for producing
transgenic tissues. These authors reported that
although indirect regeneration and transforma-
tion (embryo and cotyledon) resulted in a better
response than direct nodal explants (without
passing from the callus phase), owing to the poly-
ploidy and mixploid cells that can result in the
production of chimeric shoots, this procedure is
not a reliable method. This phenomenon causes
the stage of transgenic tissue selection to become
very difficult and expensive. Therefore, regen-
eration through nodal explants, where no callus
phase is required, is reported as the best system
for producing true to type plants. Due to the op-
portunity it allows to produce a transformed
plant with single-cell origin, cell culture was re-
ported as an alternative protocol for producing
genetic transformation in pomegranate (Verma
et al., 2014). With these types of transformed
plants, it is possible to minimize the chance of
obtaining chimeric transgenics. The presence
of the Cry1Ab gene was confirmed at DNA level
of all putative transgenic shoots (Verma et al.,
2014). Therefore, these systems were proposed
to have the potential to be used for producing
pest-resistant pomegranate. Helaly et al. (2014)
used A. tumefaciens strain LBA4404 harbouring
the binary vector pBI-121 for transformation
of embryonic callus of two pomegranate geno-
types with high (‘Manfalouty’) and low (Araby’)
regeneration capacity. The authors reported
that transformants had a lower concentration
of H,0, and the higher specific activities of cata-
lase (CAT) and superoxide dismutase (SOD) than
control plants and suggested that this protocol
can be used for production of stress-tolerant
pomegranate variants (Helaly et al., 2014).
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A reliable transformation method for in-
oculation of in vitro-derived shoot explants of
‘Yousef Khani' pomegranate was reported us-
ing A. tumefaciens strain LBA4404 harbouring
the binary vector pBI121 containing nptIl and
II-glucuronidase (gus) genes (Valizadeh Kaji et al.,
2014). GUS staining was positive for 32 shoots
of 59 newly proliferated ones on WPM selection
medium. The putative transgenic shoots were
cut and subcultured twice in the selection me-
dia for final gus analysis and six putative trans-
formed plantlets were obtained after 3 months
of selection. Confirmation of gus and nptII genes
as well as stable integration of T-DNA was per-
formed using PCR and Southern blot analysis,
respectively. Although the transformation ef-
ficiency in this study was relatively low (1.6%),
the authors reported that in vitro proliferated
shoots are excellent explants for producing
transgenic pomegranate (Valizadeh Kaji et al.,
2014). In addition, high frequency of escapes
and chimeric shoots were reported when using
this method.

Agrobacterium tumefaciens strain EHA105
harbouring pBinl19 binary vector, containing
the nptIl and GFP genes was used for optimiza-
tion of callus transformation in pomegranate cv.
‘Rabab’ (Valizadeh Kaji and Abbasifar, 2017). In
a preliminary study, the authors optimized the
callus induction and regeneration method and
reported that callus induction was the high-
est from the internodal stem explants on WPM
containing 12 uM BA and 8 uM NAA while the
highest shoot regeneration (69.33%) and num-
ber of shoots per piece of callus (7.16%) were at-
tained on the same medium supplemented with
12 uM BA and 2 pM NAA (Valizadeh Kaji and
Abbasifar, 2017).

As well as the studies carried out with
the purpose of transformation optimization in
pomegranate, there are also some reports with
the objectives of obtaining new lines with resist-
ance to bacterial blight disease (Hosamani et al.,
2016). Plant ferredoxin-like protein (PFLP) was
used in the pPCAMBIA 2301 binary vector under
CaMV35S promoter and nptIl selection marker
for transformation of leaf, node, petal and cot-
yledon calli of cv. ‘Bhagwa’. One leaf-derived
and two cotyledonary-derived plants showed
the presence of the PFLP gene using the PCR
method. However, no information was provided
about the expression of the PFLP gene in the

transformed plants, or the integration incidents
(i.e. using Southern blot analysis), or the degree
of bacterial blight resistance in the transgenic
plants under greenhouse or field conditions. In
addition, similar to other reports, the reported
transformation frequency was very low.

Several efforts have been made to produce
bacterial blight-resistant pomegranate plants
in south India, where this disease is becoming a
serious problem (Nungshilepden, 2009; Swetha,
2011; Hosamani, 2012). All these reports used
‘Bhagwa’ cultivar and A. tumefaciens LBA 4404
strain harbouring pCAMBIA construct contain-
ing CaMV35S promoter driving antimicrobial
peptide (AMP) gene and nptll as a selectable
marker. Although the main objective of all these
investigations was stated as the production of
bacterial blight-resistant varieties, the major-
ity of their investigations were dedicated to the
optimization of transformation procedures, es-
pecially for evaluating the different explants’
efficiency, and no analyses of resistance capac-
ity of produced transformants were reported.
Among the different examined explants, in-
cluding leaf, petal, node and cotyledon, callus
obtained from cotyledonary explants showed
the highest transformation and regeneration
response (Nungshilepden, 2009; Swetha, 2011;
Hosamani, 2012).

Although pomegranate does not seem to be
a recalcitrant plant species, some tissue culture-
associated problems (such as exudation of phe-
nolics and browning of media and explants,
microbial contamination and recalcitrant in
vitro tissues) have caused it to be considered as
a difficult plant for tissue culture propagation
(Naik and Chand, 2011; Hosamani et al., 2016).
Therefore, transformation methods, enabling
circumvention of the tissue culture establish-
ment phase problems, are always preferred by
researchers. Pollen grain-mediated transforma-
tion is one of these methods, which bypasses
the requisite for in vitro culture. Briefly, with
this method, the foreign gene (in the form of
naked DNA produced by sonication or through
an Agrobacterium vector system) is transferred
into pollen grains, and then stigmas are pol-
linated with transformed pollen grains (Yang
et al., 2016). Digestion of plasmid by nucleases
is one of the impediments to pollen transfor-
mation that could be minimized by sonication
(Wang et al., 2001). Yang et al. (2016) studied
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the effects of different sonic-related param-
eters, including intensity, processing duration
and treatment times, on the transformation of
pomegranate pollen grains using a plasmid DNA
harbouring gfp gene. Although all of the sonic-
related factors were significantly important for
transformation of pollen grains of pomegranate,
the ultrasonic intensity was the most important
followed by processing duration and treatment
time. The sonication intensity of 150W, treat-
ment duration of 5s, for a total of seven times
and each time with an interval of 10s, was re-
ported as the best treatment (Yang et al., 2016).

Pomegranate is a rich source of polyphe-
nolic compounds including hydrolyzable tan-
nins (predominantly punicalagins). Therefore,
increasing the contents of such beneficial com-
pounds is highly appreciated for pharmaceutical
purposes. Due to their high growth rate, hairy
root induction is one of the most effective meth-
ods and has been used routinely for increas-
ing the plant-derived metabolites under in vitro
conditions. Ono et al. (2012) evaluated the ef-
ficiency of three strains (MSU440, 15834 and
A4) of Agrobacterium rhizogenes harbouring a
binary vector containing a yellow fluorescent
protein (YFP) as reporter gene, for transforma-
tion of different explants (radicle, cotyledon and
leaf) of pomegranate cv. ‘Wonderful’. Both bac-
terial strain and explants significantly affected
the transformation efficiency. Agrobacterium
rhizogenes strain MSU440 was the most effective
strain for obtaining transgenic hairy roots and
cotyledon explants resulted in the highest trans-
genic roots. The authors reported that pome-
granate hairy root culture is a good system for
expressing heterologous genes.

Most of the transformation reports on
pomegranate used A. tumifaciens as the vehicle,
but examined different explants as well as trans-
formation systems with the aim of optimizing
the transformation procedure. Agrobacterium tu-
mefaciens strain LBA4404 has been used in the
majority of pomegranate transformation stud-
ies. This could be attributed to the easy accessi-
bility and controlling of this strain. It is reported
that the elimination of LBA4404 from plant tis-
sues is relatively easy at low concentrations of
antibiotics (Maheswaran et al., 1992). Although
low frequency of transformation rate using this
strain is reported in other fruit species, the ef-
fects of cultivar and developmental stage of the
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explant can not be ignored (Petri and Burgos,
2005).

Although some efforts have been dedicated
to obtaining bacterial blight- and pest-resistant
pomegranates, no definitive analyses of resist-
ance were performed on the transformants.
Methods to introduce genes, either from pome-
granates or other organisms, into existing pome-
granate cultivars are now well established and
permit the targeted modifications of existing
pomegranate cultivars. This may provide the
means to reduce losses due to disease and pes-
ticide usage in classic cultivars without chang-
ing their good attributes. Frost tolerance, seed
softness, low suckering and resistance to the
fruit borers, especially Spectrobates ceratonia (as
the most destructive pomegranate pest in Iran)
are some of the proposed subjects that should be
considered in future breeding programmes.

4.12.10 Transcriptomics studies

The advent of new next-generation sequencing
(NGS) tools could be considered as a milestone
in biology-related studies, which introduced a
remarkable change in the acquired data and fi-
nally our perception of different features of liv-
ing organisms. In fact, new technologies have
enabled researchers to shift from gene-by-gene
studies of different phenomena towards study-
ing whole living systems as a complete unit. This
creates a big picture of different phenomena in
a way that is more similar to the natural situa-
tion of living cells, which include the interaction
of different components. These improvements
have resulted in the appearance of various
high-throughput methods in biology including
different omics studies, such as comparative
genomics, transcriptomics, proteomics and me-
tabolomics, which serve as powerful tools for re-
vealing the genetic basis of different phenomena
in living organisms.

Transcriptomics studies have gained at-
tention in recent years. In order to investigate
the biosynthesis of natural products and com-
pounds of pomegranate that affect pigmenta-
tion, flavour and nutritional value, Ono et al.
(2011) explored the transcriptomics landscape
of pomegranate fruit peel cv. ‘Wonderful’ using
RNA-seq by Illumina genome analyser platform.
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Fig. 4.8. Arils and fruits of pomegranate ‘Bihaste-Ravar’, a soft-seeded pomegranate accession at
different developmental stages of fruit ripening. DAF, days after full bloom. (Photos: Abdolkarim Zarei.)

After analysing over 100 million raw sequence
reads, 9839 transcriptome assemblies with the
size of >200 bp were constructed and some can-
didate genes for hydrolyzable tannis, flavonoid,
anthocyanin, terpenoid and fatty acid biosyn-
thesis or regulation were identified. In addition,
these authors identified 115 EST-SSRs from peel
transcripts, designed specific primers for 77 SSR
markers and reported that the NGS approach
is an economical and effective method for gene
identification and molecular markers in non-
model plants (Ono et al., 2011).

Due to its importance as an organolep-
tic trait in different pomegranate producer
regions, the seed softness characteristic has
been the subject of various transcriptomics
studies (Kacar et al., 2016; Zarei et al., 20164,
Zarei et al., 2016b; Dong et al., 2018; Luo et al.,
2018Db). Zarei et al. (2016b) examined the ex-
pression level of some of the cell wall-related bi-
osynthesis genes in the integuments of soft- and
hard-seeded pomegranate cultivars during dif-
ferent developmental stages of fruit development
(Fig. 4.8) and reported that different monolignol
ratios and lignin polymerized structures might
have a more important role than lignin content
in the development of seed softness/hardness
characteristics. Xue et al. (2017) reported that

lignin- and cellulose-related genes were highly
expressed in the hard-seed cultivar, while pro-
grammed cell death and flavonoid-related genes
were slightly higher in the soft-seed cultivar. The
authors also found that in addition to lignin, bio-
synthesis of cellulose, hemicellulose and callose
might be related to the testa formation in pome-
granate. Itisreported that in addition to the MYB
and NAC transcription factors, which affect the
lignin expression genes in several plants, WRKY
transcription factor is also involved in the de-
velopment of lignin in pomegranate (Xue et al.,
2017). Recent results of microRNA and mRNA
expression profiles of soft- and hard-seeded
pomegranate cultivars imply that several micro-
RNA are involved in seed softness development,
which could regulate the enzymes, transcrip-
tion factors and proteins involved in seed har-
ness (Luo et al., 2018b). A predicted microRNA
(novel-mir367) was found to regulate coniferyl-
aldehyde dehydrogenase (which is involved in
the final step of biosynthesis of guaiacyl and
syringyl monolognols), and pectate lyase (which
is a depolymerizing enzyme that degrades plant
cell walls), and three microRNA was found to
down-regulate the UDP-glucuronate decarboxy-
lase (which is required for xylan formation) and
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may alter cell wall structure by increasing the
cellulose (Luo et al., 2018b).

According toreports, NAC, WRKY and MYC
are among the transcription factors that are
related to seed hardness in pomegranate (Xue
et al., 2017). Among the transcription factors
regulating microRNAs, mdm-miR164e directly
down-regulated NAC1, while mdm-miR172 up-
regulated WRKY, MYC and AP2 to block seed
hardness (Luo et al., 2018a). According to these
authors, some other microRNAs also were dif-
ferentially expressed in the soft- and hard-seeded
cultivars that were involved in the regulation of
inorganic phosphate transporter (lack of energy
limits phosphate deposition in seed vacuoles and
soft seeds) and down-regulation of homeobox-
leucine zipper proteins (which may limit seed
hardness) as well as a CLIP-associating protein,
which prevents xyloglucan formation and has
a subsequent effect on the cellulose structure.
Therefore, seed softness is a complex biological
process regulated by the miRNA-mRNA net-
work in pomegranate.

Laccases along with peroxidases are two
key lignin biosynthesis genes that are respon-
sible for lignin polymerization. With the aim of
shedding light on the seed softness characteristic
in pomegranate, Dong et al. (2018) cloned, char-
acterized and screened the expression of laccase
genes from pomegranate (PgLAC). Sequence
characterization of PgLAC indicated that this
gene was most closely related to the LAC5 ortho-
logue identified in Eucalyptus grandis (EgLACS5).
Eucalyptus grandis is one of the most studied
members of the Myrtaceae family, which is in
the same order (Myrtales) as pomegranate, is re-
ported to be close in sequence with pomegranate
and is used as a reference for assembling pome-
granate short reads. The expression of PgLAC
increased from 20 to 80 days after flowering in
the pomegranate fruit, which is the key stage of
seedcoat hardening. The expression of this gene
decreased from this stage to ripening. In addi-
tion, PgLAC showed higher expression in the
cultivars with high lignin content. According
to Dong et al. (2018) PgLAC may be a good can-
didate gene for reducing the lignin content and
subsequently the seed hardness of pomegranate.
However, the expression of PgLAC was detected
in different tissues including leaf, petal and stem,
and its down-regulation may cause a profound
effect on the tree structure. Hence, the practical
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application of this gene for reducing seed hard-
ness in pomegranate is highly dependent on the
availability of a seedcoat-specific promoter for
driving the transgene.

The RNAseq approach has also been used
to shade light on the molecular basis of female
sterility in pomegranate, which can result in
the formation of two flower types in this species
(Chen et al., 2017). Cessation in ovule develop-
ment after the formation of the inner integu-
ment primordium is the main reason for the
development of female sterility in pomegranate
and genes influencing the ovule development
may be crucial factors in this phenomenon.
INNER OUTER and AINTEGUMENTA homolo-
gous genes were two regulators of integument
development, which were down-regulated in the
female flowers at critical stages of ovule develop-
ment (Chen et al., 2017). Upstream regulators
of these two genes, including AGAMOUS-like
and SPOROCYTELESS homologue genes were
also differentially expressed in the female ster-
ile and fertile flowers at critical stages of ovule
development. In addition, reports indicated that
ethylene response signal genes such as ethylene-
resistant (ETR) and ethylene-responsive factors
(ERF1/2) might be involved in female sterility
of pomegranate (Chen et al., 2017). This inter-
pretation was supported by an increase in fertile
flowers after ethephon spraying.

High-throughput sequencing of the RNA
pool from young seedlings to mature fruit has
been used to identify microRNAs (miRNA)
in pomegranate, and both conserved and
pomegranate-specific miRNAs were identified
(Saminathan et al., 2016). Results indicated that
miR157 was the most frequent family of miR-
NAs, followed by miR156, miR166 and miR168,
respectively. In addition, 24 nucleotide miRNAs
comprised more than 50% of the small RNA
tags followed by 21 nucleotides (21.86%) and
23 nucleotides (8.95%). The expression pattern
of predominant and novel miRNAs revealed that
miR156, miR156a, miR159a, miR159b and
miR319b were up-regulated during the final
stages of fruit development and the authors con-
cluded that miRN1 56, which is highly expressed
at the final stages of fruit development, may be
involved in the regulation of anthocyanin bio-
synthesis by reducing SPL transcription factor.
Ten novel miRNAs were reported in pomegran-
ate that targeted different transcription factors
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and hormone-related regulators. According to
the KEGG pathway, these miRNAs are involved
in ascorbate and linolenic acid, starch and su-
crose metabolism, RNA transport, plant hor-
mone signalling pathways and the circadian
cycle (Saminathan et al., 2016).

Due to its importance as a source of health
beneficial substances as well as consumer accept-
ance, the anthocyanin biosynthesis pathway has
also been the subject of various transcriptom-
ics studies in pomegranate (Ben-Simhon et al.,
2011, 2015; Zhao et al., 2015; Rouholamin
et al., 2015; Luo et al., 2018a). Several antho-
cyanin biosynthesis genes have been identified
in pomegranate and have been successfully
cloned and characterized. According to avail-
able records, it is suggested that WD40 protein
may have a prominent role in the biosynthe-
sis of anthocyanin during fruit development
(Ben-Simhon et al., 2011). In addition, it was
found that the expression of WD40, along with
MYB (PgAnl) and bHLH (PgAn2) transcription
factors, is required to regulate downstream
regulatory genes of the anthocyanin biosyn-
thesis pathway (Ben-Simhon et al., 2011).
Rouholamin et al. (2015) detected the highest
and the lowest expression of bHLH (AN1) tran-
scripts in the white/green-skinned fruits and
bright red/black-skinned fruits, respectively. In
addition, green and bright red fruit skins had the
highest and the lowest expression of MYB (AN2)
transcription factor (Rouholamin et al., 2015).
Moreover, the highest and the lowest expression
levels of DFR gene were recorded in black and
white fruit skins and this finding was attributed
to the major effect of WD40 transcription fac-
tor on this structural gene (Rouholamin et al.,
2015). Lack of expression of anthocyanidin
synthase (ANS) gene in the peel of white colour
pomegranate was suggested as the main factor
responsible for the white phenotype in pome-
granate skin and PgANS was proposed as the
key gene involved in anthocyanin biosynthesis
(Zhao et al., 2015). Gene expression analysis
of anthocyanidin synthase (ANS) (also called
leucoanthocyanidin dioxygenase; LDOX) in a
‘white’ pomegranate, which lacked anthocyanin
in all tissues of the plant including flowers, fruits
and leaves, also revealed that none of the tissues
of this accession was able to synthesize tran-
scription of this gene (Ben-Simhon et al., 2015).
The presence of an SNP and an insertion in the

PgLDOX in all ‘white’ accessions was observed
by molecular analysis. Further investigations re-
vealed that the SNP is a synonymous and is not
completely linked with the ‘white’ phenotype,
while the insertion is completely linked with this
phenotype and segregated as a recessive single
gene trait in the segregating populations (Ben-
Simhon et al., 2015).

RNA-sequencing technology has also
been used in pomegranate to study the genes
that are involved in the fruit peel colour de-
velopment, and several candidate genes
corresponding to the general reaction and gly-
colsylation of the pigments and compounds
have been identified from pomegranate peel
(Luo etal., 2018a).

4.12.11 Proteomics studies

There are few reports on protein contents of
pomegranate fruit, and some of them are limit-
ed to specific proteins. Two lipid transfer proteins
from fruit juice were purified by SDS-PAGE and
then were characterized by mass spectrometry
(Zoccatelli et al., 2007). Trends in total protein
content as well as some enzymatic activities were
screened in various pomegranate genotypes
during different stages of fruit development
(Zarei et al., 2016a). Total water-soluble non-
storage proteins (Yang et al., 2012) and class III
chitinase (Yang et al., 2011) were isolated from
pomegranate seeds and it was reported that out
of 120 protein spots that were resolved with
two-dimensional electrophoresis, seven abun-
dant spots with low molecular mass were iden-
tified by liquid chromatography—-tandem mass
spectrometry. Globulins, albumins, glutelin and
prolamin were reported as the main components
of seed storage proteins in pomegranate (Elfalleh
et al., 2010; Elfalleh et al., 2012). Pomegranate
aril proteome using a gel free shotgun proteom-
ics approach revealed that out of 1488 proteins
only six were unique to pomegranate species
(Capriotti et al.,, 2013). In addition, these au-
thors reported that due to the long phylogenetic
distance with model plants, many proteins had
been assigned only one peptide in homology
search analysis.

Seed hardness has been the subject of two
proteomics studies in pomegranate (Cao et al.,
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2015; Niu et al., 2018). Two-dimensional elec-
trophoresis gels have been used to compare
the proteom profile of “Zhongnonghong’ (soft
seed) and ‘Sanbai’ (hard seed) pomegranates
(Cao et al., 2015). Out of 892 protein spots, 76
were differentially expressed. The soft-seeded
cultivar possessed 14 up-regulated and 10
down-regulated proteins, some of which were
characterized by MALDI-TOF-TOF MS, of which
three proteins were hypothesized to play a role
in seed softness and the two remaining were
involved in seed protection from adverse stress
during fruit development.

Niu et al. (2018) also compared the pro-
tein differences of hard- and soft-seeded pome-
granates and identified 1940 proteins. These
authors reported that most of the 399 differ-
entially expressed proteins in the soft-seed and
hard-seed genotypes were involved in post-
transcriptional modification and carbohydrate
metabolism. The results of transcript expres-
sion of 14 proteins involved in cell wall biosyn-
thesis revealed that lignin-related differentially
expressed proteins had lower expression, while
cellulose biosynthesis-related proteins had
higher expression at both mRNA and protein
levels in the soft-seed genotype than in the
hard-seed genotype at an early stage of fruit
development (60 days after flowering). In ad-
dition, cell wall degradation-related proteins
showed higher expression level in the soft-seed
genotype at both studied stages (60 and 120
days after flowering). Collectively the authors
suggested that lignin and cellulose play oppos-
ing roles in cell wall formation in pomegran-
ate seeds. The same conclusion was reached in
some of the previous studies that had the aim
of revealing the basis of seed softness (Zarei
et al., 2016a; Saminathan et al., 2016; Xue
etal.,2017).

In addition, the isobaric tags for the
relative and absolute quantitation (iTRAQ)
proteome-level analysis method have been used
in pomegranate to identify proteins related to
the pomegranate fruit peel colours in Tunisian
pomegranates (Luo et al., 2018a). The authors
analysed and compared two red-peel and white-
peel pomegranate cultivars at two different stag-
es of fruit colouring and ripening and found 27
differentially abundant proteins. These authors
observed that many proteins had differential
abundance between the two fruit development
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stages, and there were more differential proteins
at the second stage. The authors also combined
the proteomics and transcriptomics data and re-
ported that anthocyanin, stilbenoid, diarylhep-
tanoid, gingerol, flavonoid and phenylpropanoid
are among the main biosynthesis pathways that
contribute to the final colour of pomegranate
fruit peel. They finally concluded that a complex
transcriptional and translational network regu-
lates the colour formation of pomegranate fruit
peel.

4.13 Conclusions and Future
Prospects

Punica granatum is a highly diverse plant species
with a high level of adaptation capacity that
is already cultivated from east to west on five
continents, and the cultivation area is rising in
different regions. There are several germplasm
collections of this fruit species around the world
but there is a need for a more comprehensive
evaluation of the existing collections and their
enrichment. In addition, there is very limited
information about some of the existing germ-
plasms, and their capacity is not exploited for
the genetic improvement of this fruit species.
Specifically, the wild accessions need to be con-
sidered more seriously in the regions that have
rich materials. Even though there are few re-
ports about the cytological characteristics of
pomegranate, differences have been reported
between pomegranate varieties in meiosis and
other features of cell division, which are an in-
dication of genetic diversity in this fruit tree.
Molecular marker studies are ample and differ-
ent markers have been successfully exploited to
assess the genetic basis of various cultivated and
wild types of this fruit across different regions.
In fact, molecular marker analysis is one of the
most comprehensively covered aspects of pome-
granate studies. Many studies have also been
conducted to optimize tissue culture condition
and, despite the many remaining challenges,
tremendous progress has been made in this area.
Most pomegranate cultivars are selected by ex-
ploiting natural seedling variations (chance
seedlings) and some by deliberate application of
breeding techniques. Clone selections from the
existing cultivars may also have been another
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source for expansion of the cultivated materi-
als. Mutation and polyploidy work in pomegran-
ate has resulted in a small number of cultivars.
Although hybridization studies are increasing
and progress has been made in the areas of in-
heritance patterns of some important traits as
well as the introducion of new varieties, to keep
pace with the increasing demand for this fruit
tree across the world, more investigations are
needed to breed new cultivars with special char-
acteristics. Most of the genetic transformation
studies in pomegranate were conducted with the
objective of protocol optimization, and practical
application of this approach could significantly
affect pomegranate breeding programmes. The
majority of transcriptomics and proteomics
studies are restricted to a few important fruit
traits such as seed softness and colour-related at-
tributes. However, other aspects of this fruit tree,
including tolerance to different biotic and abiotic

stresses, should also be considered in different
omics studies. With the advent of NGS technol-
ogy, it has become more feasible to obtain a large
amount of sequence data in plant species. So far,
some pomegranate genomics studies have been
carried out and there is a need for more exploi-
tation of these data to reveal the pomegranate
genome features including genic regions, the
number of genes, their positions as well as func-
tions, characterization of regulatory elements
and subsequent application of such data in
molecular breeding of pomegranate. Therefore,
greater progress is needed in the fields of genom-
ics, gene mapping and functional genomics of
pomegranate, which have lagged behind those
in other fruit crops such as apple, grape and
peach. This progress is bound to continue as
current techniques are refined and new ones are
developed so the required cost is reduced to be
applicable in fruit species like pomegranate.
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5.1 Introduction

Interesting and important pomegranate culti-
vars have been reported from several locations
all over the world, including Europe, Asia and
North Africa. There are perhaps thousands of
domesticated pomegranate cultivars on Earth,
with traits ranging from very sour to very
sweet in taste and from white, yellow, pink, red,
purple, multicoloured to jet-black in colour.
Some are used for fresh fruit or juice; others
for medicine, syrups, sauces, ornamental pur-
poses and pastes. Some pomegranate cultivars
are earlier to mature than others and some
have short harvest windows, while others
have longer ones. Many believe peel thickness
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impacts storability and postharvest shelf-life.
Others believe those with soft seeds are best for
fresh market, whereas those with hard seeds
are best suited for juice and other purposes.
Cultures from around the world celebrate the
pomegranate tree for its prized fruits, which
have been providing nourishment for our spe-
cies for thousands of years. Many of these
cultivars were selected, propagated and distrib-
uted during domestication and the movement
of people and their plants. Several others were
selected in breeding programmes, some ongo-
ing, others from another era. Regardless of
the origins of the world’s most beloved pome-
granate cultivars, it is important to acknowl-
edge the germplasm repositories of all nations,
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Fig. 5.1. ‘Pand post’. (Photo: Khoshal Basharat.)

which allow for the brilliant diversity of pome-
granates, and so many other important crops,
to exist in perpetuity. The important and more
famous cultivars of countries that are major
pomegranate origins, producers and exporters
are introduced in alphabetical order in the text
that follows.

5.2 Afghanistan

5.2.1 ‘Pand post’ (‘Kandahari’)

This is a local cultivar of Kandahar province,
Afghanistan (Fig. 5.1). There are two Kandahari
cultivars grown commercially: ‘Pand post’
(thick peel) and ‘Nazak post’ (thin peel). To clar-
ify, the famous Kandahari cultivar is the ‘Pand
post’ accession. It is common among growers
and traders to call it ‘Pand post’ rather than
‘Kandahari’, but outside Kandahar this cultivar
is called ‘Kandahari'. ‘Pand post’ is a vigorous
tree with low thorniness. Average yield is 40kg
per tree. The height of the tree is up to 5m. It has
a large fruit size, the average size is 400-500 g
and the largest reaches 900-1000 g. The colour
of the skin is red. Arils are dark red in colour.
The taste is sweet and the seeds are very hard.
Total soluble solids (TSS) content is 19-20% at
maturity. This is a mid-season cultivar, which
typically matures on 5 October. This cultivar is
the one commercially grown for exports because
of its relatively thick rind, which allows it to be
exported over long distances and provides for a
longer shelf-life. The shelf-life is about 3 months.
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Fig. 5.2. ‘Nazak post’. (Photo: Khoshal Basharat.)

5.2.2 ‘Nazak post’

This cultivar is a local cultivar of Kandahar
province, Afghanistan (Fig. 5.2). It has a sweet
taste and hard seeds. The plant is vigorous with
no thorniness. Average yield is 45kg per tree.
The height of the tree is up to 5 m. The fruit peel
colour is red and thin. The aril colour is pink to
red. The average fruit size is 400 g and the larg-
est reaches 700-800g. The TSS is 20.3% and
titratable acidity (TA) 1.3% at maturity stage. It
is an early cultivar, which matures around 25
September in Afghanistan. The tree’s tendency
to produce suckers is low. It is very susceptible to
cracking and for this reason it is grown for local
consumption in Kandahar.

5.2.3 ‘Bedana’

The ‘Bedana’ (seedless) cultivar is the most
famous pomegranate cultivar grown in
Kapisa province, Tagab district, Afghanistan
(Fig. 5.3). As its name implies, this cultivar is
very soft seeded, so much so that people call it
‘Bedana’, meaning seedless. This cultivar is the
most expensive pomegranate in Afghanistan.
Most of the product is exported to Pakistan and
it fetches a very high price. The plant’s average
yield is low, about 15 kg per tree. The height of
the tree is up to 5—6 m. The fruit peel colour is
cream yellow and it is very thin. The aril colour
is light pink and it has very soft seeds. The aver-
age fruit weight is 235 g. The TSS is 20% and
TA is 1% at maturity. It matures at the end of
October.
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Fig. 5.3. ‘Bedana’. (Photo: Khoshal Basharat.)

5.24 ‘Surkhak’

‘Surkhak’ is a local cultivar of Kandahar prov-
ince, Afghanistan (Fig. 5.4). The taste is sweet,
average yield is 35kg per tree. The height of the
tree is up to 3m. The fruit peel colour is red and
the peel is thick. The aril colour is dark red with
semi-hard seeds. The average fruit size is 300—400
g and the largest reaches 700 g. The TSS content
is 18.9%, and TA is 1.1% at maturity. It is a mid-
season cultivar, which matures on 25 September
in Afghanistan. The shelf-life is about 2 months.

5.2.5 ‘Tor Anar’

This is a local cultivar of Farah and Kandahar
provinces in Afghanistan (Fig. 5.5). It is an or-
namental cultivar, so the flavour is poor, and it
is relatively less juicy. The plant is of medium
vigour with medium thorniness. The average
yield is 35—40kg per tree. The height of the
tree is up to 5m. The fruit peel colour is black
and dark brown. The aril colour is red and pur-
ple with hard seeds. The average fruit weight is
100-200 g and the largest weigh 300g. The
TSS is 17.7%, and TA is 1.2% at maturity. It is
a late-maturing cultivar, which matures on 10
October in Afghanistan.

Fig. 5.4. ‘Surkhak’. (Photo: Khoshal Basharat.)

Fig. 5.5. ‘Tor Anar’. (Photo: Khoshal Basharat.)

5.2.6 ‘Sherinak’

‘Sherinak’ is a local cultivar of Balkh province in
Afghanistan (Fig. 5.6). It has a sweet taste. The
average yield is 30kg per tree. The tree height is
up to 6 m. The fruit peel colour is light red. The
aril colour is red with hard seeds. The average
fruit weight is 300400 g and the largest are
500¢g.TheTSS content is 20%, TA is 1.2% at ma-
turity. It is a late-maturing cultivar that is ready
for harvest around 10 October in Afghanistan.
The shelf-life is about 2 months.

5.3 Azerbaijan

5.3.1 ‘Bala Mursal’

‘Bala Mursal’ is a popular cultivar of Azerbaijan
(Fig. 5.7). The tree is compact and large in size.
The vegetative development is moderate. It is
widely grown in the Aran region. Its fruits are
large and dark red with brown spots on the peel.
The average weight of the fruit is 350g; large
fruits are 600-700 g. The standard fruit produc-
tion of a tree is 80-90% marketable fruit. The
juice ratio is 38-45%, aril length is 11.4mm
and width is 10.5mm. The weight of 100 arils
is 58 g. The degree of aril septation is very weak.

Fig. 5.6. ‘Sherinak’. (Photo: Khoshal Basharat.)
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Fig. 5.7. ‘Bala Mursal’. (Photo: Ziyafet
Mustafayeva.)

The peel ratio of fruits is 50%. The thickness
of the peel is 6 mm. The TSS and TA are 17.4%
and 1.3-1.5%, respectively. The juice is cherry
red-coloured, the taste is sour-sweet. The juice
ratio is 38—-50%. The average yield of the tree is
30-35kg. The storage life is about 3—4 months.
It is one of the most important fruit cultivars in
Azerbaijan. Its appearance and taste show ma-
jor differences from other cultivars. One of the
advantages is that the peel is thick. It is mainly
used as fresh fruit.

5.3.2 ‘Girmiz Gabig’

This is one of the cultivars of the national se-
lection of Azerbaijan (Fig. 5.8). The height of
the tree is 3—7 m at the age of 10 years and
the width is 2.3 m. It is most common in the
Absheron peninsula, Ganja and Gazakh. The
average weight of the fruit is 180-200 g, with
a maximum weight of 400 g. The colour of the
peel is red. It is thin-skinned and peel thick-
ness is 1.25mm, aril length is 10.25mm,

Fig. 5.8. ‘Girmiz Gabig’. (Photo: Ziyafet
Mustafayeva.)
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Fig. 5.9. ‘Shirin Girmizi’. (Photo: Ziyafet
Mustafayeva.)

width is 5.75 mm. Seed length is 6.9 mm and
width is 2 mm. The degree of aril septation is
very weak. The ratio of peel to fruit mass is
25.6%. Suberization is common on the crown
section of the fruit. The colours of peel and
juice are dark red. The weight of 100 arils is
23-35g. The ratio of the peel of the fruit mass
is 25.6%. The TSS and TA are 16.0-17.4% and
1.45-1.94%, respectively. The taste is sour-
sweet. Acidity is higher than other cultivars. It
matures in mid-October. The average yield per
tree is 35—-40kg. The storage life is about 4-5
months. The main uses of fruits of this cultivar
are juice and narsharab (pomegranate sauce).

5.3.3 ‘Shirin Girmizi’

The tree is tall and large in size. The plant can
be grown about 4-7 m in height and will oc-
cupy 4.7 m in diameter. The branches are
raised and straight upright. ‘Shirin Girmizi’ is
one of the cultivars of the national selection of
Azerbaijan. The fruit is dark red (Fig. 5.9). It
is a middle-season cultivar. It is found in many
regions of Azerbaijan. The average fruit weight
is 250 g, maximum weight is 500-600 g. The
fruit peel is very thin and it has about 1 mm
thickness. The length of the arils is 9.75 mm
and they are 7mm wide. Seed length is 7 mm,
width is 3 mm. The weight of 100 arils is 26.8—
35g. The weight of 100 seeds is 6 g. The juice
ratio is 40-49% and juice colour is red. The ra-
tio of the peel to the fruit mass is 27-28%. The
TSS and TA are 12.75% and 0.65%, respec-
tively, at maturity. The taste is sweet. The stor-
age life is about 3 months. It is possible to get
20-30kg of fruit from one bush. It is mainly
used as fresh fruit.
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Fig. 5.10. ‘Valas’. (Photo: Ziyafet Mustafayeva.)

5.3.4 ‘Valas’

‘Valas’ is a popular cultivar of Azerbaijan
(Fig. 5.10). Its cultivation has spread mainly in
the Absheron peninsula and Goychay region.
The colour of the fruit peel is red. The average
fruit weight is 110-150g; maximum weight is
500-580¢. Thickness of the peel is 2mm. The
colour of the arils is red, the juice is a red (rasp-
berry) colour. Aril length is 10 mm, width 7 mm,
seed length is 7mm, seed width is 3.8 mm. Juice
ratio is 37-49%. The TSS is 15.5%, TA is 1.65—
1.77% at maturity. It is sour-sweet cultivar. The
storage life is about 4-5 months. The avarage
yield of a tree is 30-35kg. The fruits of this cul-
tivar are used for table fruits, juice or cider.

5.3.5 ‘Azernaijan Guleyshasi’

Thisis a popular cultivar of Azerbaijan (Fig. 5.11).
It is most common in many regions of Azerbaijan,
mainly in the Absheron peninsula, Ganja and
Goychay. The colour of the peel of the fruit is red.
Suberization is common on the crown section of

Fig. 5.11. ‘Azernaijan Guleyshasi’. (Photo: Ziyafet
Mustafayeva.)

Fig. 5.12. ‘Baiyushizi’. (Photo: Lefeng Hou.)

fruit. This cultivar is also found in pink (‘Cahray1
Giileyso’). The maturing period is the end of
October. The average fruit weight is 250 g; maxi-
mum weight is 400-460 g. The fruit peel is about
2-2.8 mm in thickness. The ratio of peel to fruit
mass is 37.52%. The average weight of 100 arils
is 30—40g. The weight of 100 seeds is 3.4—4.5g.
The juice ratio is 45-55%. The colour of the aril
and juice is from red to dark red. The TSS and TA
at maturity are 16.6% and 1.5-2.9%, respectively,
and the taste is pleasant. Its postharvest shelf-life
is about 2—3 months in cold storage. The yield is
25-30kg per tree. Fruits of this cultivar are main-
ly used for canned fruit and juice.

5.4 China

5.41 ‘Baiyushizi’

This is a well-known superior cultivar in
China, which originates in Anhui province
and is planted in Anhui, Henan, Shandong,
Sichuan and Yunnan provinces (Fig. 5.12).
This is a bud mutation of local cultivar
‘Sanbai’. The colour of flower, peel and arils
are yellow white to milky white, but it has big-
ger fruit and seed than the parent. The aver-
age fruit size is about 450 g and the maximum
size reaches 1200g. Hundred-aril weight is
84 g. The flavour is sweet and seeds are semi-
soft. The TSS is 16.4%, sugar content is 12.6%,
the TA is 0.32% and the vitamin C content is
1.49mg/100 g fresh weight (Zhu et al., 2009).
Generally, it matures in late September. It has a
desirable flavour but poor storability.
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Fig. 5.13. ‘Dabenzi’. (Photo: Lefeng Hou.)

5.4.2 ‘Dabenzi’

This is a local cultivar of Anhui province in
China and has been cultivated for more than
300 years (Fig. 5.13). It is vigorous and produc-
tive. It has a large fruit size, sweet-sour flavour
and hard seeds. Average fruit size is above 400
g (Cao and Hou, 2013). Generally, it ripens in
October. It has good tolerance to drought and
diseases, and excellent storability. This cultivar
is of major importance because it was the first
pomegranate to have its genome sequenced and
published as a reference (Qin et al., 2017), which
is a most important contribution to punicology.

5.4.3 ‘Dongyan’

The cultivar originates in Henan province of
China (Fig. 5.14). The fruit is near round and has
a thick rind. The colour of skin is bright red and

Fig. 5.14. ‘Dongyan’. (Photo: Lefeng Hou.)
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Fig. 5.15. ‘Huaibeigingpiruanzi’ (Qingpiruanzi).
(Photo: Lefeng Hou.)

arils are crimson red in colour. Average fruit size
is above 360g. Hundred-aril weight is 52.4 g.
The flavour is sour-sweet and the seeds are semi-
soft. Mature fruit TSS is 16% (Chen et al., 2012).
Generally, it matures in late October. Fruits have
excellent transportability.

5.4.4 ‘Huaibeigingpiruanzi’

(‘Qingpiruanzi’)

This is a local cultivar of Anhui province in
China (Fig. 5.15). It is vigorous and productive
(Cao and Hou, 2013). The average height of
the plant is more than 4m. Its fruits are very
large, reaching 1500 g in weight, and average
fruit size is above 600 g (Cao and Hou, 2013).
The skin colour is yellow-green and slightly red-
dish on the sunny/blush side. Arils are pinkish
to bright red in colour. The flavour is sweet and
seeds are semi-soft. It is late maturing and ma-
tures generally in October. This cultivar has good
drought- and disease tolerance and it is planted
as the leading cultivar in Huaibei region, Anhui
province.

5.4.5 ‘Lintongjingpitian’ (‘Jingpitian’)

The cultivar originates in Shanxi province (
BxP84), China (Fig. 5.16). It is also known as
‘Fenhongshiliu’ and ‘Fenpitian’ due to its pink,
bright and clean skin. It is a vigorous small tree.
Fruits are near round and average fruit size is
300g. Arils are crimson red in colour and have a
sweet flavour. The seeds are hard. Mature fruit TSS
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Fig. 5.16. ‘Lintongjingpitian’ (Jingpitian). (Photo:
Lefeng Hou.)

is 16% (Cao and Hou, 201 3). This cultivar has ex-
cellent tolerance to drought and cold, and grows
well in infertile soils. Generally, it matures in late
September. Fruit split occurs frequently when it
rains during the period of maturity.

5.4.6 ‘Mengzitianlvzi’ (‘Tianlvzi’)

This is a local and leading commercial pome-
granate cultivar of Mengzi, Yunnan province,
China (Fig. 5.17). It is a shrub growing in
warm regions and has poor cold tolerance. The
shape of its fruit is round, being 7 cm in length
and 7.8 cm in diameter. The fruit skin colour is
yellow-green, and the arils are light red to bright
red in colour. Fruit size is above 250 g on aver-
age. The fruit has a sweet flavour and semi-soft
seeds. For mature fruits, TSS is 13.8%, sugar

Fig. 5.17. ‘Mengzitianlvzi’ (Tianlvzi). (Photo:
Lefeng Hou.)

Fig. 5.18. ‘Tunisiruanzi’ (Tunisia). (Photo: Lefeng
Hou.)

content is 14.4% and TA is 0.45% (Cao et al.,
2017). It matures in late September.

5.4.7 ‘Tunisiruanzi’ (‘Tunisia’)

This is an introduced cultivar in China, and it orig-
inates in Tunisia (Fig. 5.18). It is one of the main
soft-seeded pomegranate cultivars widely planted
in China. The cultivar is vigorous and productive.
Fruits are large and seeds are soft. Average fruit
size is above 400g. The skin colour is bright red
and arils are ruby-red in colour. It is very juicy and
has a sweet taste. Mature fruit TSS is 15%, sugar
contentis 15.5%, the TA is 0.29% and the vitamin
C content is 1.87mg/100 g fresh weight (Cao and
Hou, 2013). This cultivar matures early and is
generally mature in late August. This cultivar has
moderate tolerance to drought and diseases but
has poor cold tolerance.

5.4.8 ‘Taishanhong’

This is a well-known cultivar in Shandong prov-
ince, China (Fig. 5.19). It has big fruits with
bright red peel and crimson red arils. Average
fruit size is above 500 g. Seeds are semi-soft. It is
juicy and has a sweet taste. The TSS is 17%, sug-
ar content is 14.98%, the TA is 0.28% and the
vitamin C content is 5.26 mg/100 g fresh weight
(Cao and Hou, 2013). It is a mid- to late-season
cultivar that matures in late September to early
October. This cultivar is drought tolerant, dis-
ease resistant and has poor cold tolerance.
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Fig. 5.19. ‘Taishanhong’. (Photo: Lefeng Hou.)

5.4.9 ‘Huaibeiruanzi 3’

This is a well-known commercial cultivar of
Anhui province, China, with a sweet flavour
and semi-soft seeds (Fig. 5.20). The fruit is near
round. The skin colour is yellow, and the arils
are white. The average fruit size is 267.2 g, and
the maximum weight is 557 g. It is juicy and the
average 100-aril weight is 63.5-70.0 g. For ma-
ture fruit, TSS is 15.0%, sugar content is 15.5%
and the TAis 0.62% (Cao et al., 2017). Generally,
it matures at the end of September.

5.4.10 “Jianshuihongzhenzhu’

This is a commercial cultivar from Yunnan prov-
ince, China (Fig. 5.21). It has poor cold tolerance
and is always cultivated in warm regions. The
shape of the fruit is near round, 7.4 cm long and
8.4cm in diameter. Fruit size is 326-574g. The

Fig. 5.21. ‘Jianshuihongzhenzhu’. (Photo: Lefeng
Hou.)

skin colour of the cultivar is crimson red and the
arils are red or pinkish-red in colour. The taste is
sweet-sour and seeds are semi-soft. Mature fruit
TSS is 14-16% (Cao and Hou, 201 3). It is mature
by the end of August to September in Yunnan
province. It is better for juice and fresh eating.

5.4.11 ‘Lintongsanbaitian’

The cultivar originates in Shanxi province (BRF &),
China (Fig. 5.22). The name is derived from the col-
our of the flower, skin and arils: they are all yellow
white to milky white. The fruit flavour is sweet and
the seeds are semi-soft. Average fruit size is 300 g.
Mature fruit TSS is 16% (Cao and Hou, 2013).
Generally, it is mature in late September. Fruit split-
ting occurs when it rains during late development.

Fig. 5.20. ‘Huaibeiruanzi 3’. (Photo: Lefeng Hou.)
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Fig. 5.22. ‘Lintongsanbaitian’. (Photo: Lefeng
Hou).
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Fig. 5.23. ‘Qiuyan’. (Photo: Lefeng Hou).

5.4.12 ‘Qiuyan’

This is a commercial cultivar that originates
in Shandong province, China (Fig. 5.23). It is
a small tree having a moderate growth rate.
The fruit shape is near round. Its average size
is 425¢, and the maximum size is 725g. Skin
colour is red and arils are pinkish red. It is juicy
and has a sweet-sour taste. Mature fruit TSS is
16.4%. Seeds are semi-soft. It matures in mid- to
late-October. The fruit has excellent resistance to
splitting and to cold and it has good storability
(Cao et al., 2017). This cultivar has wide adapt-
ability and can grow well in other pomegranate-
growing areas.

5.5 Egypt

5.5.1 ‘Assuity’

This cultivar, native to the area of the Assuit
governorate, is located in upper Egypt. The
plant is moderately vigorous. The fruits are
roundish to flattened; medium to small in size
(diameter 7.5cm and length 6.6 cm), weight
185g. Fruit firmness is about 77 Newtons
(N). Peel thickness 0.3 mm and its weight is
97 g. The arils are medium to large, weighing
87.5g. It has an acid taste, arils produce juice
with 12.6% TSS and a very high acidity (2.6%
TA), and total vitamin C content of about
14mg/100ml juice. Anthocyanin is about
3.9mg/100 fresh arils. The arils are highly
juicy, with a medium to large volume (67 ml).

This cultivar has the trait of earliness. The pe-
riod of maturation is towards the end of July.
There is little sunburn and cracking of the fruit
(Abou El-Khashab et al., 2005). It is sold at a
high price because it is one of the first cultivars
to mature in the Assiut governorate. There are
unknown numbers of strains for this impor-
tant cultivar, estimated to be at least three.

5.56.2 ‘Manfalouty’

The most common cultivar in the Assiut gov-
ernorate, the fruit is very large, the weight
more than 600g, with round-shaped ribs
and a small, short tubular calyx. The col-
our of the fruit is pinkish red with a beau-
tiful dark crimson colour, the soft skin is
sometimes very thick, the seeds are large
in size, the juice is red and ruby, the juice
is sweet with some sweet acidity. It matures
in early September. The plant is almost vig-
orous. The fruits are roundish and medium
to large in size (diameter 8.6 cm and length
8.1 cm), fruit weight is 353 g. Fruit volume
is about 303 cm?3. Fruit firmness is about
71N and the fruit has five carpels. It is the
most common local cultivar used in breeding
programmes due to elite traits (Nahla et al.,
2014). Peel thickness is 0.5 mm. The arils
are medium-large, weighing 210g. It has a
sweet taste, juice of 15.5% TSS and the acid-
ity is low; total vitamin C content is about
13 mg/100 ml juice, anthocyanin content is
about 9.5mg/100 fresh arils. ‘Manfalouty’
has large, juicy, dark red arils with volume
(67 ml) and matures from the end of August
to the beginning of September. ‘Manfalouty’
is very sensitive to salt stress (Abo-Taleb
et al., 1998; Saeed, 2005). Authors’ note:
‘Manfalouty’ has various spellings in the sci-
entific literature.

5.5.3 ‘Nab El-Gamal’

‘Nab El-Gamal’ is the best Egyptian cultivar
with respect to loss of chlorophyll in response
to elevated salt concentration in irrigation
water (Saeed, 2005). Fruit colour tends to
be slightly yellow and it has a rough shape.
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The aril is very large, and seeds are hard.
It matures in the middle of the season, late
August to early September. The advantage of
this cultivar is that the fruits are of large size
and have a sweet taste, with low acid con-
tent, increasing sweetness (Mohamed et al.,
2015). It is very similar to ‘Manfalouty’. The
fruits are roundish and large in size (diam-
eter 9.5 cm and length 8.9 cm); fruit weight
is 479 g. Fruit volume is about 416.5cm’.
Fruit firmness is about 79 N and the fruit has
five carpels. Peel thickness is 0.5 mm, and
the weight is 186 g in fruit. The arils are me-
dium-large, weighing 215g. It has a sweet
taste, 14.4% TSS with low acidity, about
3.2mg/100 ml juice vitamin C content and
anthocyanin content is about 6.1 mg/100
fresh arils. It has large, juicy, pink arils with
a volume of 71.8 ml/100 arils.

5.5.4 ‘Hegazy’

This cultivar is native to the upper Egypt
area. It is a vigorous cultivar with fruit
weight ranging from 334-500 g and a di-
ameter of 8.5-11.5cm. The fruit volume is
about 281 cm?. Fruit firmness is about 76 N
and the fruit has five carpels. Peel thick-
ness is 0.5 mm and its weight is 140 g/fruit.
The arils are medium-large, ranging from
181-215 g/ fruit. It has a sweet taste, with
juice having 16% TSS and low acidity. Total
vitamin C content is about 11.4 mg/100 ml
juice and anthocyanin content is about
10.1mg/100 fresh arils. It has large, juicy
arils with a volume of 71.8ml/100 arils.
The fruit is round in shape, ribbed yellow or
green. The shape of the fruits is reported to
be unattractive (Sawarsan et al., 2011).

5.5.5 ‘Wardy’

This cultivar is also called the ‘Head of the
Mule’ due to its large fruit size. The fruit is
round and not ribbed and its weight ranges
from 226.5-300 g. The diameter is 8.5-10 cm.
Fruit volume is about 214 cm?, firmness is
about 74.4N and each fruit has five carpels.
The calyx is long and thick. Peel thickness is
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0.63mm and its weight is 84.5 g/fruit. The
rind is soft, the colour is pale yellow and the
shape of the fruit is a round non-polygon. The
seed is big, with the arils coloured pink and
juicy. The juice taste is acid-free. The arils are
medium-large, and range from 132-165g/
fruit. The soft seeds are easy to chew. It has a
sweet taste, with juice of 14.4% TSS and a total
vitamin C content of about 4 mg/100 ml juice.
Anthocyanin is about 10.1mg/100 fresh
arils. It has large, juicy arils with a volume
of 62.5ml. This cultivar matures in late July,
which makes it an early cultivar.

5.5.6 ‘Araby’

Its trees are medium in size, with light flowers
and medium-sized fruits showing the phenom-
enon of ribbing. The neck of the fruit is very
short. The colour of the fruit is light yellow,
slightly green with light pink spots; it has large
seeds that are easy to chew and that contain
a lot of juice in the arils. The taste is sweet
and free of acids, matures early in late July to
early August and it is suitable for cultivation in
warm climates (Hassan et al., 2012). The fruit
weight ranges from 233-290 g. Fruit volume is
about 230 cm?, with a fruit firmness of about
75N. Each fruit has five carpels. The calyx is
long and thick. Peel thickness is 0.61 mm and
its weight is 96.5 g/fruit. The fruit shape is
rough, the colour is yellow to green and shiny
with patches of light pink. The seed is large
with pink to light red arils. The arils are me-
dium-large and the weight ranges from 132—
165 g/fruit. It has a sweet taste, with 12.8%
TSS and a total vitamin C content of about
3.8 mg/100ml juice. Anthocyanin is about
1.5mg/100 fresh arils. This cultivar has large,
juicy arils with a volume of 66.6 ml/100 arils.

5.6 Greece

5.6.1 ‘Ermioni’

The cultivar ‘Ermioni’ originated from a lo-
cal population in the area of Ermioni in the
north-east region of the Peloponnese penin-
sula of Greece (Fig. 5.24). It is an important
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Fig. 5.24. ‘Ermioni’. (Photo: Ferdinando Cossio.)

cultivar with good productivity, although it is
not considered as a true single cultivar but as
a population, since there are some differences
in its appearance and fruit characteristics from
orchard to orchard. Today it is also cultivated
in some other regions of Greece, even in the
northern region of the country. The tree is not
vigorous. It ripens from 20 September to 10
October in Peloponnese. The fruit is medium
to large in size. The external fruit colour is
red, but the surface is not always covered com-
pletely by red colour. The arils are big (around
0.4 g), have a pink to red colour and the seeds
are relatively soft. It is a very sweet cultivar, ar-
omatic, suitable mainly for table consumption
but in Greece is also used for juice production.
The TSS is usually 14% (but also 16—17% some
seasons); the average TA is 0.25-0.30% at
maturity.

5.7 India

5.7.1 ‘Ganesh’

‘Ganesh’ (also known as ‘GBG-1" earlier)
is one of the oldest popular pomegranate
cultivars in India, cultivated extensively
in the Pune, Solapur and Satara districts
of Maharashtra (Fig. 5.25). The cultivar

Fig. 5.25. ‘Ganesh’. (Photo: Shilpa Parashuram.)

was developed by Dr Cheema through seed-
ling selection from open pollinated fruits of
‘Alandi’ at Ganeshkhind Fruit Experiment
Station, Pune in 1936. ‘Ganesh’ has revo-
lutionized the cultivation of pomegranate in
Maharashtra, but after release of ‘Bhagawa’,
its acreage has decreased in India and now
it is holding second position after ‘Bhagawa’.
The height of the tree is up to 2.37 m. The
fruits are large in size with a yellowish
smooth surface with a red tinge. The aver-
age fruit size is 315 g. The seeds are soft with
light pinkish arils. It has moderate lateness
in terms of the maturing period. The fruits
are mature about 150 days after blooming.
The plant average yield is about 30kg per
tree. The TSS is 16.1%, TA is 0.35-0.40%
at maturity. The fruit start maturing in the
month of November for mrig bahar-treated
trees (India). Light pink arils have compara-
tively less preference in the export market.
This cultivar is highly prone to the physi-
ological disorder known as fruit cracking.
The cultivar is susceptible to bacterial blight,
fruitborer and fungal diseases.

5.7.2 ‘Bhagawa’

This is the most popular and ruling com-
mercial cultivar of pomegranate in India
(Fig. 5.26). It occupies the largest area under
cultivation in India and has high demand for
export. It was selected from the F, popula-
tion of the cross made between ‘Ganesh’ x
‘Gul-e-Shah Red’ at Mahatma Phule Krishi
Vidyapeeth (MPKV), Rahuri, Maharashtra.
In 2003, ‘Bhagawa’ was released for com-
mercial cultivation by MPKV, Rahuri. The
tree is evergreen with medium height (2.5 m)
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Fig. 5.26. ‘Bhagawa’. (Photo: Shilpa Parashuram.)

and spreading habit. This cultivar blooms
throughout the year under Indian condi-
tions with the maturity period of 170-180
days after blooming. Its average fruit weight
is 280 ¢g. It has an attractive red-coloured
rind and sweet, juicy red arils with soft seeds.
The fruit has 35-40% juiciness, 15.8% TSS
and 0.4-0.5% TA at maturity. It is suitable
for long-distance markets as it has a me-
dium—thick rind and better keeping quality,
relatively. It is suitable for both table and
processing purposes. The cultivar has disad-
vantages of long duration for maturity (180
days) and it is susceptible to major insect
pests and diseases.

5.7.3 ‘Phule Arakta’

‘Phule Arakta’ was developed and released
by MPKYV, Rahuri for commercial cultivation
in 2003 (Fig. 5.27). It is a selection from F,
progeny of a cross between ‘Ganesh’ x ‘Gul-
e-Shah Red’. The trees are of medium height
with spreading habit. It is under commercial
cultivation in very selected pockets of produc-
tion. The fruit is medium size, weighs about

Fig. 5.27. ‘Phule Arakta’. (Photo: Shilpa
Parashuram.)
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Fig. 5.28. ‘Mridula’. (Photo: Shilpa Parashuram.)

266 g with a deep red peel, thin rind and
dark red arils. It is known to be earlier matur-
ing (140 days after bloom) than ‘Bhagawa’
(180 days after bloom) with very soft seeds.
The tree yields an average of 21-26kg fruits.
Arils are juicy (38—43% fruit juiciness), sweet
(15.45% TSS) and low acidity (0.4-0.45% TA).
Average length and width of aril is 10.26 mm
and 6.63mm, respectively. It is suitable for
both fresh consumption as well as postharvest
processing. The thin rind affects its storability
and transportability to longer distances. It is
susceptible to major insect pests, diseases and
fruit cracking.

5.7.4 ‘Mridula’

In 1994, an F, promising plant (No. 61) with
most of the desirable commercial attrib-
utes had been released by MPKV, Rahuri as
‘Mridula’ after their continuous breeding ef-
forts, which started 18 years before the date
of release (Fig. 5.28). It is also a seedling
selection made with an open pollinated F,
population derived through hybridization be-
tween ‘Ganesh’ x ‘Gul-e-Shah Red’ cultivars.
It is cultivated in limited areas. Fruits weigh
an average of 257 g. The fruits are of me-
dium size with rough surface and deep red-
coloured, thin rind, having medium-sized,
dark red arils. Fruit maturity period ranges
between 135 and 140 days after bloom.
Seeds are much softer than ‘Bhagawa’.
Average fruit juiciness is about 40-45%.
Arils are sweeter (15.5% TSS) and less acidic
(0.4-0.45% TA). Average fruit yield per tree
is 21-26kg. It is an early maturing cultivar
(140 days after bloom). It is not suitable for
transportation over longer distances. It is
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Fig. 5.29. ‘Ruby’. (Photo: Shilpa Parashuram.)

susceptible to fruit cracking, bacterial blight
and fungal diseases.

5.7.5 ‘Ruby’

‘Ruby’ is the most popular cultivar in
Karnataka, India, and was released by ITHR,
Bengaluru, in 1997 (Fig. 5.29). Hybrid no.
15-9-94 was derived from crossing between
{[(‘Ganesh x Kabul’) x ‘Yercaud'] F -F,} X
{[(‘Ganesh X Gul-e-Shah Rose Pink’)] F -F,}.
With appealing bright red fruit colour, sweet
arils and soft seeds, it was named ‘Ruby’.
The tree height measures about 2.3 m with
spreading habit. The fruit weighs around 270
g with thin rind. Average fruit juiciness (%) is
40-45%. Juicy arils contain 15.53% TSS and
0.4-0.45% TA at maturity. Fruits are ready to
harvest after 165-175 days of bloom. Fruit
yield per tree is about 23-28 kg. It is most suit-
able for the domestic market. Fruits are smaller
in size than ‘Bhagawa’ and prone to cracking.
The cultivar is also susceptible to major insect
pests and diseases.

5.7.6 ‘Solapur Lal’

This is the first ‘Biofortified cultivar’ in pome-
granate, newly released by ICAR-National
Research Centre on Pomegranate, Solapur in
2017 (Fig. 5.30). It is a hybrid obtained from a
cross between ‘Bhagawa’ X [(‘Ganesh’ x ‘Nana’)
x ‘Daru’]. Tree growth is vigorous with medium
height (2m) and a spreading nature. Fruits
are attractive with red colour having medium
rind thickness. Average fruit weight is around
265¢, containing red, sweet arils with 17.6%

Fig. 5.30. ‘Solapur Lal’. (Photo: Shilpa
Parashuram.)

TSS and 0.4% TA at maturity. Mean aril length
and width is about 10.21 mm and 6.55 mm, re-
spectively. Fruit yield per plant varies between
30 and 36kg. It has 25-35%more yield than
‘Bhagawa’. Fruit juiciness is about 45-48%.
Fruit maturity takes place about 160-165 days
after bloom. It has 60% more iron and 25%
more zinc compared with ‘Bhagawa’. Also, it is
rich in anthocyanin and ascorbic acid content,
suitable for fresh market and juice purposes. It
is a medium-hard-seeded cultivar, and is not re-
sistant to bacterial blight.

5.7.7 ‘Solapur Anardana’

‘Solapur Anardana’ was developed specifically
for the purpose of making anardana and was
newly released by ICAR-National Research
Centre on Pomegranate, Solapur in 2017
(Fig. 5.31). It is also a hybrid selection derived
from crossing ‘Bhagawa’ X [(‘Ganesh’ X ‘Nana’)
x ‘Daru’]. The fruit weighs 270 g on average.
Fruits are of medium size with a red, medium-
thick rind, medium-size red arils and soft seeds.
TSS and TA content in arils at maturity are
16.6% and 4.85%, respectively. This is a highly
sour cultivar with 40-45% fruit juiciness. The
fruit matures 145-155 days after bloom. Fruit
yield per plant ranges between 28 and 34 kg.
Red arils with high TA content, high anthocya-
nin (460mg/100 g aril) and the fact that it is
high yielding (20-22 metric tonnes/ha) make it
suitable for anardana. However, it is susceptible
to bacterial blight.
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Fig. 5.31. ‘Solapur Anardana’. (Photo: Shilpa
Parashuram.)

5.7.8 ‘Phule Bhagawa Super’

‘Phule Bhagawa Super’ is a promising selection
(Selection-4) from 62 collections of ‘Bhagawa’
evaluated at MPKV, Rahuri (Fig. 5.32). The cul-
tivar was recommended for commercial cultiva-
tion in 201 3. Fruits are medium size (278 g) with
smooth, attractive and red-coloured rind of me-
dium thickness. It has red, sweet, juicy arils with
soft seeds. Fruit juiciness is 35-40%. The TSS and
TA content of the juiceis 15.71% and 0.4—0.45%,
respectively. Fruits are ready to harvest 165-170
days after bloom. It is suitable for domestic and ex-
port markets. Fruit yield per plant ranges between
28 and 33kg. It matures about 2 weeks earlier
than ‘Bhagawa’, with high yield and better qual-
ity compared with ‘Bhagawa’. It is susceptible to
bacterial blight.

5.7.9 ‘Phule Anardana’

‘Phule Anardana’ was released by MPKV
Rahuri in 2015 for anardana-making purpos-
es (Fig. 5.33). Average fruit weight is 278.5g.

Fig. 5.32. ‘Phule Bhagawa Super’. (Photo: Shilpa
Parashuram.)
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Fig. 5.33. ‘Phule Anardana’. (Photo: MPKV
Rahuri.)

Fruits are of medium size with red rind and arils.
At maturity, the juice contains 14.55% TSS and
4.18% TA. This highly sour cultivar gives a fruit
yield of 18-22kg per plant. High TA makes it
suitable for anardana. It is rich in vitamin C and
mineral nutrients.

5.7.10 ‘Kandhari Seedless’

‘Kandhari Seedless’ (Hybrid-301) is a hybrid be-
tween ‘Kandhari Kabuli’ X ‘Bhagawa’ and was
identified and developed by Dr Y.S. Parmar at the
University of Horticulture and Forestry, Kullu,
Himachal Pradesh (Fig. 5.34). It is known to be
suitable for cultivation in the hills of Himachal
Pradesh. It matures in mid-October at ‘Bajaura’.
The fruit weighs between 350-400 g with a
glossy, red rind and arils. Arils are sweet with a
slight acidic blend in taste containing 15% TSS
and 0.52% TA at maturity. It is a soft-seeded

Kandhari Scedless

Fig. 5.34. ‘Kandhari Seedless’. (Photo: Jayant
Kumar.)
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Fig. 5.35. ‘Yellow Nana'. (Photo: Shilpa Parashuram.)

cultivar that yields about 38—42kg fruits per
plant. It has relatively better keeping quality,
less cracking and it is suitable for long-distance
transport, fresh market and processing purpos-
es. It is less susceptible to Alternaria fruit spot,
Phomopsis rot and Anthracnose. It has common
insect pest problems (Kumar et al., 2017).

5.7.11 “Yellow Nana’

‘Yellow Nana’ is a new ornamental pomegran-
ate cultivar that was developed at ICAR-Indian
Institute Horticultural Research, Bengaluru,
Karnataka by crossing ‘Kabul Yellow’ x ‘Nana’
(Fig. 5.35). It is a dwarf cultivar that produces
profuse, miniature, yellow-coloured flowers and
fruits with highly acidic light yellow arils with
hard seeds. The fruit weighs about 20 g hav-
ing a thin rind. TSS and TA content in arils is
about 15.05 and 5.5% at maturity, respectively.
Aril length and width is about 6.31 mm and
4.08 mm. It is suitable for decoration in indoor
and outdoor applications, particularly in potting
containers.

5.8 Iran

5.8.1 ‘Rabab-e-Neyriz’

‘Rabab-e-Neyriz' is the most famous com-
mercial Iranian pomegranate cultivar, grown
in Fars province, Neyriz region (Fig. 5.36)
(Mohseni, 2009). The tree has a vigorous

growing habit producing a high yield where
the growing conditions are optimal. The
height of the tree is up to 7 m. The chilling and
heat (growing degree hours, GDH) require-
ment of Rabab is 600h and 4920 £ 264 GDH
(°C), respectively (Soloklui et al., 2017). Fruit
size varies from medium to large, ranging from
350-1000 g. The peel is thick with light red
colour but it can also become dark red in ar-
eas with cool nights during fruit development.
Arils are deep red in colour, medium, with
a delicious sour-sweet taste and juicy. Seeds
are moderately hard and small to medium.
The harvesting period of ‘Rabab’ starts from
mid November and continues until the end of
November. TSS is 18.26% and TA is 1.08% at
maturity (Varasteh et al., 2009). It has good
postharvest storage life (more than 4 months)
and, owing to its thick peel, is suitable for
long shipments. It is used for fresh consump-
tion, fresh juice, juice concentrate and paste
purposes.

Fig. 5.36. ‘Rabab-e-Neyriz'. (Photo:
Alimohammad Yavari.)
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Fig. 5.37. ‘Malas-e-Yazdi'. (Photo: Alimohammad
Yavari.)

5.8.2 ‘Malas-e-Yazdi’

This is one of the most common Iranian pome-
granate cultivars, originally from Yazd province,
and it is mainly cultivated in this area (Fig. 5.37)
(Mohseni, 2009). The term ‘Malas’ means sour-
sweet in the Persian language (Farsi) and refers
to fruits that have a sour-sweet taste. The plant is
moderately vigorous and productive. The fruits
are medium-large in size, with light red peel
and a thin rind. The arils are large, juicy, light
red (or pink) and the percentage of the arils is
higher than its peel percentage with a high juice
content. The seed is of medium hardness. The
juicy arils contain 16.6% TSS and 1.35% TA
(Varasteh et al., 2009). It matures in the mid-
dle of October. It is suitable for fresh consump-
tion, juice, paste, anardana and short-term cold
storage. The chilling requirement of ‘Malas-
e-Yazdi' is about 634 h (Soloklui et al., 2017).
This cultivar is moderately tolerant to salinity
(Okhovatian-Ardakani et al., 2010) but it is sen-
sitive to aril browning.

5.8.3 ‘Malas-e-Saveh’

‘Malas-e-Saveh’ is one of the most famous com-
mercial Iranian pomegranate cultivars grown in
the Saveh region (Markazi province) (Fig. 5.38)
(Mohseni, 2009). It is a medium-vigorous culti-
var with a medium-sized canopy. The fruits are
roundish, medium-large in size with an aver-
age fruit weight of 400g. Arils are red and seed
hardiness is medium. The taste is sour-sweet
and TSS is 18% and TA is 1.19% at maturity
(Varasteh et al., 2009). The fruit peel is thick
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Fig. 5.38. ‘Malas-e- Saveh’. (Photo:
Alimohammad Yavari.)

and red in colour, and it is a suitable cultivar for
long-term cold storage and export. It is a late-
maturing cultivar, with maturation from mid-
to the end of October. It is suitable for the fresh
market, juice, paste, concentrate and the sauce
industries.

5.8.4 ‘Yousef Khani’

“Yousef Khani’ is one of the most important cul-
tivars grown successfully in Saveh (Fig. 5.39).
The tree is moderately vigorous and produc-
tive. The fruits are roundish, medium-large in
size and average fruit weight is 350 g. The fruit
peel has medium thickness and red colour. Aril
colour is red to deep red. Seeds are of medium
hardness. It is a late-maturing cultivar with
harvest starting in the end of October. Its taste
is sour-sweet containing 17% TSS and 0.7% TA.
This cultivar is suitable for fresh consumption
and juice purposes. ‘Yousef Khani’ is moderately
tolerant to salinity and drought.

Fig. 5.39. ‘“Yousef Khani’. (Photo: Alimohammad
Yavari.)
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Fig. 5.40. ‘Shishe-Kab’. (Photo: Zahra Zare.)

5.8.5 ‘Shishe-Kab’

‘Shishe-Kab’ is the most common Iranian
pomegranate cultivar in the east of Iran, origi-
nally from Ferdows, a city located in south
Khorasan province (Fig. 5.40). It is mainly
cultivated in the south and north of Khorasan
province (Mohseni, 2009). It is a cultivar of
moderate vigour. One of the distinctive mor-
phological features of this cultivar is its tall
fruit crown. The aril percentage is low and
the peel percentage is high. Fruits have a thick
peel with red colour. Arils are light red in col-
our with moderately hard seeds. The average
fruit weight is 350 g and the largest fruit of
this cultivar can weigh more than 500g. Its
taste is sour-sweet, containing 17.96% TSS
and 0.79% TA (Varasteh et al., 2009). It is a
late-maturing cultivar that can be harvested at
the end of October. This cultivar is suitable for
long-term storage. It is moderately tolerant to
salinity (Karimi and Hasanpour, 2014) but is
sensitive to aril browning.

5.8.6 ‘Naderi-e-Badrud’

‘Naderi’ is one of the most important com-
mercial Iranian cultivars and is grown main-
ly in the Badrud region (Isfahan province)
(Fig. 5.41) (Mohseni, 2009). It is a medium-
vigorous cultivar. Fruit shape is round, peel col-
our is red, aril and juice colour are red, and its
taste is sweet-sour with hard seeds. The aver-
age fruit weight is 300 g. The harvesting period
of ‘Naderi’ starts from the end of October and
the harvest window continues until the middle

Fig. 5.41. ‘Naderi-e-Badrud’. (Photo:
Alimohammad Yavari.)

of November. The TSS is 16.98% and TA is
0.79% at maturity (Varasteh et al., 2009). The
fruit peel is thick, which is believed to make it
suitable for long-term storage. This cultivar is
used for fresh consumption, juice, concentrate
and paste purposes.

5.8.7 ‘Shirin-e-Shahvar’

The term Shirin means ‘sweet’, and Shahvar
means ‘king’s favour’ in Persian and implies
the quality of this cultivar. This cultivar grows
in most pomegranate production areas in Iran,
especially in central and southern cities of Iran
(Fig. 5.42) (Behzadi Shahrbabaki, 1998). The
peel is thin and white-yellow in colour. Arils
are large, juicy, sweet and white to pink in col-
our. The seeds are soft. ‘Shirin-e-Shahvar’ is a
mid-season cultivar and its harvesting period
depends on the region in which it is grown,
typically starting from the end of August and
continues until the end of September. The TSS
is 16.67% and TA is 0.58% at maturity. Due to
its short postharvest storage life, it is suitable
for fresh consumption.

5.8.8 ‘Poost Siah’

‘Poost Siah’, meaning black skin, is one of
the medicinal and ornamental pomegran-
ate cultivars grown in different regions in Iran
(Fig. 5.43). In traditional medicine, this culti-
var has been used to treat pertussis, diarrhoea
and jaundice. However, it is not a commercially
cultivated cultivar at present. The plant has me-
dium vigour. The fruit peel colour is dark violet
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Fig. 5.42. ‘Shirin-e-Shahvar’. (Photo:
Alimohammad Yavari.)

to black. The aril colour is light red and purple
with hard seeds. The average fruit size is 150-
200g. It is a late-maturing cultivar and is ready
to harvest at the end of October. The fruit peel is
thick. The taste is sweet and less juicy. The TSS is
13.97% and TA 0.5% at maturity stage. ‘Poost
Siah’ is resistant to some pests such as carob
moth and this cultivar is resistant to fruit crack-
ing (Ranjbar et al., 2004).

5.8.9 ‘Golnar Farsi Sarvestan’

Owing to its beautiful flowers ‘Golnar’ is used
as a drought-resistant ornamental plant, and
its flowers are used in both traditional and
modern medicine for curing some diseases
and in cosmetics (Fig. 5.44). In Iran, orna-
mental pomegranates that do not produce
fruit and only produce flowers with many pet-
als are called ‘Golnar’ (Behzadi Shahrbabaki,
1998). There are many ornamental cultivars
with different flower colours. ‘Golnar Farsi
Sarvestan’ is one of the Iranian ornamental
cultivars grown in Fars province. It has double

Fig. 5.43. ‘Poost Siah’. (Photo: Alimohammad
Yavari.)
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Fig. 5.44. ‘Golnar Farsi Sarvestan’. (Photo:
Alimohammad Yavari.)

red flowers, which open early in May. This cul-
tivar is a ‘double flower’ cultivar because all
the flower stamens are modified into petals.
This cultivar has intermediate cold hardiness
(Ghasemi Soloklui et al., 2018).

5.8.10 ‘Bihaste Ravar’

This is one of the soft-seeded cultivars
of Iran, originally from the Ravar region
(Kerman province) (Fig. 5.45). As its name
indicates, this cultivar is so very soft-seeded
that people call it ‘Bihaste’ — ‘seedless’ in the
Persian language. The fruit peel colour is yel-
low and thin. Arils are coloured white with
very soft seeds. The taste is sweet and the
fruit matures early in September. The fruit
yield is low, shelf-life is poor and it is suit-
able for fresh consumption. The chilling and
heat (GDH) requirement of ‘Bihaste Ravar’
is 234 h and 5,328 £ 346 GDH (°C), respec-
tively. (Soloklui et al., 2017).

Fig. 5.45. ‘Bihaste Ravar’. (Photo: Abdolkarim
Zarei.)
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Fig. 5.46. ‘Acco’. (Photo: Doron Holland.)

5.9 Israel

5.9.1 ‘Acco’ (‘Aco’, ‘Ako’, ‘Akko’)
This cultivar was identified in Israel, and takes
its name from the homonymous city. It was se-
lected for the earliness, the bright red colour
of the peel, the sweetness of the arils and the
softness of the seeds. The fruits have a bright
light red skin (the red colour appears early on
the peel) homogeneous over the whole surface
(Fig. 5.46). The plant is of medium vigour with
good productivity. The fruits are medium-sized
(250-450g). Arils weigh about 0.23 g, are
deep red in colour, and have a well-balanced
sweet and sour taste. The TSS ranges are
15-16%and TA is about 0.49% at maturity.
The seeds are small and moderately soft. The
juice is bright red. Maturation is very early.
In Italy, it is harvested in mid-September; in
Israel or southern Spain, 15 days earlier (end
of August). Fruits have a limited shelf-life of
about 1 month. It is relatively resistant to fruit
cracking and sunburn.

5.9.2 ‘Shani Yonay’

This is a recently registered Israeli cultivar, iden-
tified in 1995 and patented in Israel in 2003
(Fig. 5.47). Very early, in Israel it matures to-
wards the end of August and the fruits remain
on the plant until the end of September, so it
matures more than 1 month before ‘Wonderful’.
The plant is of medium vigour with reduced
spinescence (thorniness). It is self-fertile with
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Fig. 5.47. ‘Shani Yonay’. (Photo: Doron Holland.)

good productivity, but is less productive than
‘Wonderful’. The shape of the roundish fruit is
more polygonal and flatter than ‘Acco’. It pro-
duces medium-sized fruits, with a homogene-
ous bright red skin (the red colour appears early
on the peel). The arils are medium-sized (0.23
g compared with 0.37 g for ‘Wonderful’), ruby
red and intensely coloured. The seeds are small
and soft. The juice is sweet with low acidity. The
TSS reaches 14-15%, and TA is 0.51% at ma-
turity (Holland et al., 2007). The peel is thin,
and the fruit has a limited shelf-life of about 1-2
months. It is not susceptible to cracking and
sunburn damage.

5.9.3 ‘Emek’

This is a recent Israeli cultivar, identified in
2003, protected by a patent (Fig. 5.48).The
plant is of medium vigour, assurgent but with
open insertion angles. Maturation is very early;
in Israel it matures in mid-August until mid-
September (about 6 weeks before ‘Wonderful’).
It is self-fertile, of good productivity, with round-
ed fruits and a prominent calyx. It has homoge-
neous bright red skin (the red colour appears
early on the peel), and is of large size. The peel
has a medium thickness. Arils (around 0.36g)
are intensely red coloured. The seeds are mildly
soft. The juice is sweet with low acidity and is
intensely red. The TSS averages 14%, and TA is
0.42% at maturity (Holland et al., 2014). In gen-
eral, the fruits have a limited shelf-life, about 1
month. It is not very susceptible to cracking and
sunburn damage.
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Fig. 5.48. ‘Emek’ (Photo: Doron Holland.)

5.10 ltaly

5.10.1 ‘Dente di Cavallo’ (‘Horse's

tooth’)

Thisis one of the main and historically important
Italian cultivars, spread throughout the territo-
ry. In Sicily four types have been described: typi-
cal, late, hard-seeded and soft-seeded. Generally,
it is a very vigorous and hardy plant, slow to en-
ter into production, and of average productivity.
The spinescence is average. The fruits are large,

Fig. 5.49. ‘Dente di Cavallo’. (Photo: Ferdinando
Cossio.)
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Fig. 5.50. ‘Grossa of Faenza’. (Photo: Ferdinando
Cossio.)

with a yellow-red peel (Fig. 5.49). The arils are
large, pink, of sweet and sour taste (but also sour
or sweet), with seeds that can be both hard and
soft. The maturation period is medium late (mid-
October). The peel is consistent, 4—5 mm thick.
The fruits can be well preserved. It is a polyclonal
genotype (Cossio and Vitelli, 2018).

5.10.2 ‘Grossa of Faenza’

This is a great cultivar of the Italian countryside
(from Faenza, Emilia Romagna) and is interest-
ing for the large size of its fruit, which can easily
exceed the weight of 1kg, but which can even
reach 2kg (Fig. 5.50).The plant is vigorous and
assurgent, with little spiny branches and good
productivity, hardy and resistant to diseases.
The period of maturation is late, towards the
end of October and the beginning of November.
The fruits are moderately sensitive to cracking.
The peel is pinkish yellow, very thick and resist-
ant; the calyx closure is semi-closed or closed.

Al use subject to https://ww.ebsco.conlterns-of-use



EBSCChost -

World Pomegranate Cultivars 177

printed on 2/13/2023 12:34 PMvia .

Fig. 5.51. ‘Primosole’. (Photo: Ferdinando
Cossio.)

The arils are large (0.44 g) and juicy, easily dis-
tinguishable, rosy or reddish. The TSS averages
17%, and TA is 1.4% at maturity. The seed is
hard/medium hard. The taste of the juice is very
pleasant sweet and sour. It has a long shelf-life
(Cossio and Vitelli, 2018).

5.10.3 ‘Primosole’

This has been identified among the an-
cient Sicilian cultivars by researchers at the
University of Catania, in Italy. The plant is vig-
orous, with the characteristic of a reduced spi-
nescence. It has a medium productivity, with
large fruits of marketable size (Fig. 5.51).The
peel is pinkish yellow. The arils are large, of
an intense pink colour, with a very aromatic
flavour and a high sugar to acid ratio, it tastes
sweet. The TSS is 16.2% and TA is 0.19% at
maturity. The seeds are moderately soft. The
period of maturation is very late, at the begin-
ning of November after ‘Mollar de Elche’ and
after ‘Wonderful’ are mature. The fruits are
moderately sensitive to cracking and have a
good shelf-life.

5.11 Morocco

5.11.1 ‘Sefri’

A typical Moroccan pomegranate, it is a cul-
tivar with moderate vigour with a semi-erect
and compact growth form. The plant is assur-
gent and of good productivity. The maturation
of fruit takes place at the beginning of October.
The fruits are large, with yellow skin, with a thick
peel. The arils are light pink, semi-soft, juicy and
very sweet. Average TSS is 15-17%and TA is
0.24%. The fruits are of good storage quality. It is
a polyclonal genotype (Cossio and Vitelli, 2018).

5.12 Spain

5.12.1 ‘Valenciana’

This cultivar is native to the area of the
Valencian Community (Spain), which is lo-
cated along the Mediterranean coast on the
east side of the Iberian Peninsula. It is con-
sidered the typical Spanish cultivar with soft
seeds, starting the pomegranate season in
Spain. The plant is moderately vigorous with
few thorns. The fruits are roundish to flat-
tened; medium-large in size (diameter 86—
91 mm), weight is 290-310g (Fig. 5.52).The
skin is light pink, and of average consistency.
If the fruits are left on the tree they become
pink-reddish. Peel thickness is 2.9 mm. The
arils are medium-large, and pink. The taste
is very sweet, juice has 14.5-16%TSS and
very low acids (0.20-0.26% TA). Maturity
index (MI) is 62-72 (Bartual and Valdés,
2011). The arils, which are medium size
(0.31 g), have high juiciness. The tegument
is extremely soft and narrow. This cultivar
has the benefit of earliness but has poor
shelf-life. The period of maturation is the
end of August to mid-September. The yield
in juice is 41% v/w (volume/weight of fruit)
with not less than 74% v/w of aril.

5.12.2 ‘Mollar de Elche’

This is the most widely known Spanish
pomegranate, with a very sweet taste and
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Fig. 5.52. ‘Valenciana’. (Photo: Julian Bartual.)
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Fig. 5.53. ‘Mollar de Elche’. (Photo: Julian
Bartual.)

remarkably soft seeds (Fig. 5.53). Genetically, it
is a cultivar-population native to the Elche area
(Alicante province). Selected clones are avail-
able as IVIAGRANA49 and IVIAGRANASS.
The European Union recognized the ‘Mollar de
Elche’ pomegranate from Alicante as Protected
Designation of Origin. The plant is vigorous, me-
dium to low thorniness and produces roundish
to flattened fruits of excellent size and weight,
93 mm diameter, 350 g fruit. The peel of the fruit
is pinkish yellow, but it can also become deep
pinkish with a yellow background and short
crown. Furthermore, the relatively aromatic arils
are pinkish-red, medium-large (0.37-0.44g),
very sweet in taste, 15.5-17.6 TSS and very low
acid levels, 0.18-0.27% TA (Bartual and Valdés,
2011). The tegument is extraordinarily soft, al-
most not felt in the mouth. It is a late cultivar with
maturation in the first week of October, it has very
good storage life, and can run commercially for 4
months. Rustic and tolerant to diseases in semi-
arid conditions, it is not normally subject to ‘black
heart’ caused by Alternaria alternata. In the semi-
arid area of Spain, sunburn and cracking are the
most significant physiological disorders affecting
‘Mollar de Elche’.

5.12.3 ‘Tendral’

This popular pomegranate cultivar is mainly cul-
tivated in the Valencia province. It is an upright
tree with vigorous growth, lightly weeping. The
branches have few to no thorns. The bud break is
1 week earlier and its leaves are lighter green than
‘Mollar de Elche’. This cultivar has moderate yield
(40Kkg per tree). The fruits are ready for commer-
cial harvesting from 15 to 25 September. It has a
yellowish to pink fruit peel and is medium to large
in size (average weight about 320g, maximum
diameter 85-90mm) (Fig. 5.54). Mature fruits
are very sweet and have a good eating quality and
flavour and medium thickness of skin (3.78 mm).
Pink arils are medium- to large-sized (11 mm
length and 7.3 mm diameter) and heavy in weight
(0.41g). Juice yield is 65-70%v/w (juice/aril).
Some traits at maturity are low acids (0.40% TA)
and sweet taste (15.9% TSS, with an MI of 36).
It has extremely soft tegument, which is useful
for local markets, germplasm conservation and
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Fig. 5.54. ‘Tendral’. (Photo: Julian Bartual.)

breeding. This cultivar seems to have low suscepti-
bility to pests and diseases.

5.12.4 ‘Zafar?’

This cultivar is also named ‘Safari’. This culti-
var is cultivated in the Andalusia region (south
of Spain). It was probably introduced from
Syria during the 8th century (Garcia Sanchez,
2011). Harvesting begins in the second week
of September. With yellowish to orange skin,
this cultivar usually does not develop red col-
our in the peel (Fig. 5.55). The fruit weight is
360¢g, spherical and slightly rounded, with
a thin rind. The colour of the aril is between
pearl white to pink they are extremely large
in size (12.26 X 7.7mm) and weight (0.50 g).
The yield of juice is moderate. The internal
characteristics of arils and juice are 15.3%
TSS, 3.89pH and the acids are very low
(0.30-0.35% TA), even at early stages of fruit
development. The seeds have low to medium
hardness. The fruits have a tendency to be af-
fected by fruit cracking, more frequently dur-
ing periods of high humidity following rains.
This cultivar is also susceptible to sunburn.

Fig. 5.55. ‘Zafari’. (Photo: Julian Bartual.)

Fig. 5.56. ‘MR-100’. (Photo: Julian Bartual.)

5.12.5 ‘MR-100’

A patented cultivar, with traits very similar to
‘Mollar de Elche’, but larger average fruit weight
and it matures a week earlier (Fig. 5.56). Develops
vigorous shoots with a moderately weeping
growth habit. Trees are almost thornless. Peel is
pink to reddish, fruit colour progresses gradu-
ally and this characteristic serves for harvesting
purposes. In warm areas, external colouration
will not be complete. Average yield is 40-60kg
per tree, depending on the agronomic conditions.
The fruit size is 250-400g (Melgarejo, 2014). The
juice content reaches 33% of the fruit weight. It is
a cultivar with low acids (0.3% TA), and it tastes
very sweet (15-17% TSS). It has pink arils, medi-
um to large in size. Harvest begins in early October
in Spain. As with the majority of the pinkish late
pomegranate cultivars, this cultivar is affected by
sunburn and cracking. It has a light tendency to
weep in the juvenile phase, training the young
plant against a support is recommended in the
early stages of growth.

5.12.6 ‘Purple Queen’

This cultivar shares common characteris-
tics with some new early maturing hybrids
registered in Spain; these include sweet taste
(16.0% TSS) and low acids (0.4% TA). The
stage at which the crop should be harvested is
when the juice has a maturity index of 23. It
has small to medium fruit size (300g) with a
juice/fruit yield of about 33% (v/w). The red
fruits are round with medium thickness of rind
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Fig. 5.57. ‘Purple Queen’. (Photo: Julian Bartual.)

(Fig. 5.57). Aril size is medium, with a dark red
juice colour. The seeds are semi-soft. For hor-
ticulture, fruit thinning should be performed,
since fruit set is high. Fruit matures early,
from the second week of August to September
(Melgarejo, 2014). It is not recommended for
long periods of storage. Average yield is similar
to Acco’.

5.12.7 ‘Kingdom’

This cultivar is registered by Spanish breeders.
It is a late cultivar with sour-sweet taste and
large sized fruit (550-600 g) and appealing ap-
pearance (Fig. 5.58). This cultivar has dark red
skin and aril colour. Peel thickness is medium—
high. It is a cultivar with medium-sized arils
(0.3 g) and semi-hard tegument. Compositional
analyses of juice include this cultivar within the

Fig. 5.58. ‘Kingdom’. (Photo: Julian Bartual.)
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"sweet-sour' group (no less than 1.2-1.64% TA)
and TSS values are in the range from 18-20%.
For juiciness, juice/fruit is 30%. The highest yield
of marketable fruits is from 10 October, but crop-
ping could be achieved in November (Melgarejo,
2014). Storability: 90-120 days. Average yield
is 40-60kg/tree depending on ecological condi-
tions. Physiological disorders such as sunburn
and cracking can affect this cultivar.

5.12.8 ‘lliana’

‘Tliana’ is a hybrid from a controlled cross made
in the breeding programme at the Agricultural
Experiment Station of Elche, Valencian
Agricultural Research Institute (IVIA) and
Cambayas Coop V. This cultivar resulted from
crossbreeding between ‘Mollar de Elche’ and
an unknown red cultivar. ‘Iliana’ is a vigorous
tree with spreading to upright growth habit; it
has moderately thorny branches. The fruit is
round and medium to large in size, weighing
more than 300 g (82 mm diameter, 3.7 mm rind
thickness) with good sensory fruit quality. It has
bright, dark red peel, which makes this cultivar
very attractive in appearance (Fig. 5.59). Arils
are medium in size (0.29 g) with relatively soft
to medium seeds. This cultivar has good eating
quality with a juice yield of 69% v/w juice per

B-potubre-2015

e

Fig. 5.59. ‘lliana’. (Photo: Julian Bartual.)
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Fig. 5.60. ‘Rugalate’. (Photo: Julian Bartual.)

aril, and a sweet tasting low-acid juice (0.25—
0.33% TA, pH 3.3-3.8, 14-15%TSS). The ma-
turity index is particularly high for an early red
cultivar, ranging from 40 to 51. It matures in the
last week of August; if not picked, fruit could last
on the tree until the end of September. Thinning
needs to be done once fruit development begins.
This cultivar has poor postharvest shelf-life.
Botrytis sp. can affect fruit crowns.

5.12.9 ‘Rugalate’

This cultivar is a new hybrid obtained by the
Agricultural Experiment Station of Elche
(Alicante) and Valencian Agricultural Research
Institute (IVIA, Moncada) by crossing ‘Mollar
de Elche’ and ‘Wonderful’ (Bartual et al., 2012).
It has sweet and soft seeds with large fruits
(350-400¢g), 85-90mm in diameter, 3.8 mm
rind, morphologically spherical and as flattened
as ‘Mollar de Elche’ (Fig. 5.60). Consistently
closed and short to medium crown (17.6 mm).
The juice has about 16.1% TSS, a pH of 3.5-3.8
and low acids, with 0.41% TA and b23-38 MI.
Seeds are softer than other red cultivars, such as
‘Wonderful’ (Mena et al., 2011). It has excellent
sensory quality with intense red skin coloura-
tion, and maintains good quality during cold
storage for 3—4 months, which is comparable
to ‘Wonderful’ (Villamoén et al., 2019). It is a
late-maturing cultivar, with harvests from 7-14
October. The fruits contain large red seeds 0.29—
0.38 g; yielding 68.6% of juice per fruit (v/w).

The fruits can be affected by physiological disor-
ders, such as sunburn and cracking.

5.12.10 ‘Tastem’

This accession is the result of a controlled
breeding programme from the Agricultural
Experiment Station of Elche (Alicante),
Valencian Agricultural Research Institute (IVIA,
Moncada) and Cambayas Coop V. It was bred
through crossbreeding ‘Mollar de Elche’ with an
unknown red cultivar (Bartual et al., 2015). It
is self-fertile, with medium-high vigour, an early
cultivar with red skin colour that appears very
early during fruit development (Fig. 5.61). The
fruits mature from the end of August to the first
week of September and have a storage life of 2—3
months in refrigeration. It has good eating qual-
ity, arils are light red, soft seeds with a weight of
0.33 g.Yield of juice is about 32%, taste is sweet-
sour with 16.7% TSS, pH 3.55, 0.30-0.38% TA
and 27-35 MI. This cultivar is currently wide-
spread in the Elche area. Plants start to produce
fruit in their second or third year.

5.12.11 Author’s note

It is reported that there are other cultivars on
the market, for instance, pink cultivars such as
‘Gorda de Xativa’ or red cultivars such as ‘Bigful’
‘Mely’ or ‘Crucial’, with limited agronomic data
available.

5.13 Tunisia

5.13.1 ‘Gabsi’

This is the typical Tunisian cultivar originat-
ing from the Gabes region in the south-east of
Tunisia. It is cultivated mainly in the Gabes re-
gion, but also in other parts of the country. It is
a productive cultivar with rounded shape and
large-sized fruits (Fig. 5.62). At maturity the
skin is yellow pink. The arils are red, or reddish
pink, very sweet, with low acid and soft seeds.
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Fig. 5.61. ‘Tastem’. (Photo: Julian Bartual.)

Average TSS is about 17% (14-18%), TA at
maturity ranges from 0.15-0.25%. It reaches
maturity in mid-September (at Gabes). It is a
polyclonal genotype.

5.13.2 ‘Tounsi’

This is an important Tunisian cultivar, originat-
ing from the Tetour region in the north-west of
Tunisia. It is cultivated mainly in north Tunisia.
Maturation takes place around mid-October.
It produces medium to large fruits, with red or
yellowish red peel and ruby-red arils (Fig. 5.63).
The arils are juicy, sweet and have low acids. The
seeds are soft. Average TSS is from 14-16% and
TA is approximately 0.2-0.3% at maturity.

Fig. 5.62. ‘Gabsi’. (Photo:Faten Boussaa.)
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Fig. 5.63. ‘Tounsi’. (Photo: Fateh Aljane.)

5.14 Turkey

5.14.1 ‘Hicaznar

‘Hicaznar’ (pronunciation in English,
Hijaznar) is the main commercial cultivar
in production in Turkey. The cultivar was
selected in 1983 from Kemer, Antalya by Dr
Caner Onur. The tree is moderately vigorous
and is high yielding. It is self-fertile with me-
dium thorniness. Fruit shape is round, peel
colour is dark red, aril and juice colour are
dark red (Fig. 5.64). The average fruit weight
is417.1-598.0 g, the aril ratio is 53.4%, 100
aril weight is 40.9 g, juice ratio is 43.9% and
it has a sweet-sour taste and moderate seed
hardness. It grows well in the Mediterranean
region. The harvesting period of the Hicaznar
cultivar starts from the beginning of October
and continues until the end of October. The
TSS is 16.2% and TA is 1.26% at maturity. It
can be stored for up to 6 months. ‘Hicaznar’
is the main exported cultivar in Turkey.
‘Hicaznar’ is a pomegranate cultivar similar
to ‘Wonderful’. ‘Hicaznar’ pomegranate is a
regular, highly yielding cultivar in different
climates; at the same time, pollinators in-
crease the yield and fruit quality. ‘Hicaznar’
is also the main cultivar for the pomegranate
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Fig. 5.64. ‘Hicaznar'. (Photo: Cenap Yilmaz.)

food industry in Turkey. It is suitable for
juice, sauce and dried fruit purposes because
of its sour sweet taste, dark-coloured juice,
high TSS content and aroma. ‘Hicaznar’
fruits have moderate tolerance to fruit crack-
ing and sunburn. Insufficient colouration
on rind of ‘Hicaznar’ can be a problem in
warmer climates (Onur, 1982; Ozgiiven and
Yilmaz, 2000; Yiumaz, 2007; Yilmaz et al.,
2009; Ozgiiven et al., 2011; Anonymous,
2014; Holland et al., 2014).

5.14.2 ‘Lefan’

This cultivar was selected in Iskenderun,
Hatay. ‘Lefan’ is generally grown in the eastern
Mediterranean and south-eastern Anatolian
regions. The tree has a moderate growth rate
and is high yielding. It is self-fertile with mod-
erate thorniness. Fruit shape is round, peel col-
our is yellow-red, aril and juice colour are red
(Fig. 5.65). The average fruit weight is 582.5—
635.0g, the aril ratio is 54.69%, 100 aril
weight is 58.38 g, juice ratio is 45.91% and
it has a sweet-sour taste with hard seeds. The
fruit peel is very thick. The fruits of ‘Lefan’ can
be harvested from the first week of October. The
TSS is 16% and TA is 0.98% at maturity. This

31 N 06 LEFAN

Fig. 5.65. ‘Lefan’. (Photo: Cenap Yilmaz.)

cultivar tends to form bigger fruits. It is suit-
able for storage and it can be stored for up to
5-6 months. The cultivar is moderately resist-
ant to fruit cracking and sunburn. It is suitable
for the juice and sauce industries (Onur, 1982;
Ozgiiven and Yilmaz, 2000; Yilmaz, 2007; Ak
et al., 2009; Yilmaz et al., 2009; Ozgiiven et al.,
2011).

5.14.3 ‘Katirbasi’

This cultivar (pronunciation in English,
Katirbashi) was selected in Dortyol, Hatay, and
is widely grown in eastern Mediterranean and
south-eastern Anatolian regions. The tree has
a vigorous growth rate and is high yielding. It
is self-fertile with moderate thorniness. Fruit
shape is round, peel colour is yellow-red, aril
and juice colour is red (Fig. 5.66). The average
fruit weight is 330.4-525.0g, the aril ratio is
64.6%, 100-aril weight is 50.58¢g, the juice
ratio is 52.16%, and its taste is sweet-sour and
seed hardness is moderate. The harvest time
is from the beginning of September. The TSS is
15.2% and TA is 1.37% at maturity. ‘Katirbasi’
is suitable for storage for up to 4-5 months. It is
suitable for the juice and sauce industries. This
cultivar is moderately resistant to fruit cracking
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31 N 07 KATIRBASI

Fig. 5.66. ‘Katirbasi’. (Photo: Cenap Yilmaz.)

and sunburn (Onur, 1982; Ozgiiven and Yilmaz,
2000; Yilmaz, 2007; Ak et al., 2009; Yilmaz
etal., 2009; Ozgiiven et al., 2011).

5.14.4 ‘Silifke Asisi’

The cultivar (pronunciation in English, Silifke
Ashisi) was selected in Silifke, Mersin. The tree
has a high growth rate and is high yielding. It is
self-fertile with medium thorniness. Fruit shape
isround, peel colour is attractive yellow-pink, aril
and juice colour is pink-red (Fig. 5.67). The aver-
age fruit weight is 413.0-636.5 g, the aril ratio
is 57.2%, 100-aril weight is 58.37 g, juice ratio
is 46.1%. The taste is sweet-sour and it is hard-
seeded. The peel of the fruit is thick. The cultivar
is suitable for long-term storage (more than 5-6
months). The maturation time of ‘Silifke Asisi’ is
around the middle of October. The TSS is 15.2%
and TA is 1.10% at maturity. This cultivar tends
to form bigger fruits and is relatively resistant
to fruit cracking and sunburn. It is suitable for
the juice and sauce industries. The cultivar may
have a low yield in certain conditions, especially
in seaside regions (Onur, 1982; Ozgiiven and
Yilmaz, 2000; Yilmaz, 2007; Ak et al., 2009;
Yilmaz et al., 2009; Ozgiiven et al., 2011).
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33N 16 SILIFKE ASISI
Fig. 5.67. ‘Silifke Asisi’. (Photo: Cenap Yilmaz.)

5.14.5 ‘lzmir-23’

This cultivar was selected in Cesme (pro-
nounced Cheshme), Izmir, and is grown main-
ly in the Aegean region of Turkey. The tree
has a low to moderate growth rate and yield.
The tree height of this cultivar is generally less
than 2.5-3 m. It is self-fertile. The cultivar has
less thorns than typical for a pomegranate.
Fruit shape is round, peel colour is pink, aril
and juice colour is red (Fig. 5.68). The average
fruit weight is 292.0-385.0 g, the aril ratio is
57.23%, 100-aril weight is 49.35 g, seed to aril
ratio is 14.28%, juice ratio is 47.85%, and it is
a sweet and soft-seeded cultivar. The fruit are
not suitable for long-term storage. The harvest
begins during the third week of September. The
TSSis 15.4% and TA is 0.22% at maturity. The
cultivar is moderately sensitive to fruit crack-
ing and sunburn (Ercan et al., 1991; Ozgiiven
and Yilmaz, 2000; Yilmaz, 2007; Yilmaz et al.,
2009).

5.14.6 ‘lzmir-26’

This cultivar was selected in Cesme, Izmir,
and is grown mainly in the Aegean region of
Turkey. The tree has a low to moderate growth
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iZMiR23

Fig. 5.68. ‘lzmir-23’. (Photo: Cenap Yilmaz.)

rate and yield. The tree height of this cultivar
is generally less than 2.5-3 m. It is self-fertile.
The cultivar is less thorny than average. Fruit
shape is round, peel and aril colour is pink,
juice colour is red (Fig. 5.69). The average
fruit weight is 285.6-307.0 g, the aril ratio is
60.62%, 100-aril weight is 46.21 g, juice ra-
tio is 53.08%, and it is a sweet and soft-seeded

iZMIR 26

Fig. 5.69. ‘Izmir-26’. (Photo: Cenap Yilmaz.)

Fig. 5.70. ‘lzmir-1264’. (Photo: Cenap Yilmaz.)

cultivar. The fruits of this cultivar are not suit-
able for long-term storage. The harvest time
starts from the third week of September. The
TSSis 16.0% and TA is 0.21% at maturity. The
cultivar is moderately sensitive to fruit crack-
ing and sunburn (Ercan et al., 1991; Ozgiiven
and Yilmaz, 2000; Yilmaz, 2007; Yilmaz et al.,
2009).

5.14.7 ‘lzmir-1264’

This cultivar was selected in Marmaris, Mugla, and
is grown mainly in the Aegean region of Turkey.
The tree has a moderate growth rate and yield, is
self-fertile and has average thorniness. ‘Tzmir-1264’
issimilar to ‘Hicaznar’. Fruit shape is flat and round,
peel colour is dark red, aril and juice colour is dark
red (Fig. 5.70). The average fruit weight is 451.0—
511.0g, the aril ratio is 43.44%, 100-aril weight is
34.04 g, juiceratio is 36.47%, and it is a sweet-sour
and hard-seeded cultivar. The cultivar is suitable for
long-term storage. ‘Izmir 1264’ can be harvested
from the second week of October. The TSS is 16.5%
and TA is 1.3 5% at maturity. The cultivar is moder-
ately sensitive to fruit cracking and sunburn (Ercan
et al., 1991; Ozgliven and Yilmaz, 2000; Yilmaz,
2007; Yilmaz et al., 2009).
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Fig. 5.71. ‘lzmir-1513’. (Photo: Cenap Yilmaz.)

5.14.8 ‘lzmir-1513’

The cultivar was selected in Nazilli, Aydin, and
is grown mainly in the Aegean region of Turkey.
The tree has a moderate growth rate and has high
yield, is self-fertile and has medium thorniness.
‘Tzmir-1513’ is similar to ‘Hicaznar’. Fruit shape is
round, peel colour is dark red, aril and juice colour
is dark red (Fig. 5.71). The average fruit weight is
299.8-458.0g, the aril ratio is 56.99%, 100-aril
weight is 41.78 g, juice ratio is 43.56%, and it is
a sweet-sour and hard-seeded cultivar. The culti-

var is suitable for long-term storage. ‘Izmir 1513’
can be harvested from the second week of October.

The TSS is 16.3% and TA is 1.40% at maturity.
The cultivar is moderately sensitive to fruit crack-
ing and sunburn (Ercan et al., 1991; Ozgiiven and
Yilmaz, 2000; Yilmaz, 2007; Yilmaz et al., 2009).

5.14.9 ‘BATEM Esinnar’

The origin of ‘BATEM Esinnar’ is a result of the
pomegranate breeding programme in the West
Mediterranean Research Institute, Antalya. It
is a new cultivar for Turkey and was registered
in 2009. The tree has a high growth rate and is
a cultivar with moderate yield. It is self-fertile.
Fruit shape is round, peel colour is dark red,
aril and juice colour is dark red (Fig. 5.72). The
average fruit weight is 518.5g, the aril ratio is
53.78%, 100-aril weight is 38 g, and it is a sweet
and soft-seeded cultivar. The cultivar can be har-
vested starting from the last week of September.
The TSS is 15.6% and TA is 0.45% at maturity
(Yildiz Turgut, 2012; Anonymous, 2014).

5.14.10 ‘Efenar 35’

The ‘Efenar 35’ is a result of the pomegranate
breeding programme in the Aegean Agricultural
Research Institute, Izmir. It is a new cultivar for
Turkey and was registered in 2015. The cultivar
is a hybrid between Tzmir 1445’ X ‘Izmir 23’.
The tree has a moderate growth rate and yield
(35-40kg/tree). It is self-fertile. It is harvested is
the middle of the Turkish pomegranate season.

Fig. 5.72. ‘BATEM Esinnar’. (Photo: Alpaslan Sahin.)
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Fig. 5.73. ‘Efenar 35’. (Photo: Deniz Aksoy.)

Fruit shape is round, peel and aril colour is
dark red (Fig. 5.73). The average fruit weight is
350g, the aril ratio is 60.0%, 100-aril weight is
35 g, and it is a sweet and soft-seeded cultivar.
The TSS is 15.3% and TA is 0.40% at maturity
(Anonymous, 2015; Aksoy, 2017).

5.14.11 ‘Tezeren 35’

‘Tezeren 35’ is a result of the pomegranate
breeding programme at the Aegean Agricultural
Research Institute, Izmir. It is a new cultivar for
Turkey, registered in 2015. ‘Tezeren 35’ is a
hybrid between ‘Izmir 1513’ X ‘Izmir 23’. The
tree has a moderate growth rate and moderate
yield (30-35kg/tree). It is self-fertile. It is har-
vested in early season (third week of August).
The TSS is 16.1% and TA is 0.50% at maturity.
Fruit shape is round, peel colour and aril colour
isdarkred (Fig. 5.74). The average fruit weight is
300.0g, the aril ratio is 56.0%, 100-aril weight
is 35 g, and it is a sweet and soft-seeded cultivar
(Anonymous, 2015; Aksoy, 2017).

Fig. 5.74. ‘Tezeren 35’. (Photo: Deniz Aksoy.)

CANERNAR

Fig. 5.75. ‘Canernar’. (Photo: Cenap Yilmaz.)

5.14.12 ‘Canernar’

The ‘Canernar’ is a result of the pomegranate
breeding programme at the West Mediterranean
Research Institute, Antalya. The tree has a mod-
erately strong growth rate and is high yielding.
It is self-fertile. The cultivar has few thorns. Fruit
shape is round, peel colour is dark red, aril and
juice colour is purple (Fig. 5.75). The average
fruit weight is 321.2 g, the aril ratio is 46.86%,
100-aril weight is 30.97 g, juice ratio is 34.9%,
and it is a sweet-sour and soft-seeded cultivar.
‘Canernar’ is a very early cultivar. The harvest-
ing period of ‘Canernar’ starts the from middle
of August and the period continues until the
middle of September. The TSS is 17.6% and TA is
1.50% at maturity. ‘Canernar’ is not suitable for
storage. ‘Canernar’ is very sensitive to diseases
and insect damage especially in humid condi-
tions. The cultivar is resistant to fruit cracking
and sunburn (Yilmaz et al., 2009).

5.15 United States

5.15.1 ‘Wonderful’

This is currently the most important cultivar in
the USA. It is a medium to large, sweet-tart, red
pomegranate (Chater et al., 2018a) (Fig. 5.76),
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Fig. 5.76. ‘Wonderful’. (Photo: Ferdinando
Cossio.)

but can be rather sweet in arid regions with
high summer temperatures and quite sour in
coastal regions with mild summers. It originated
in Florida, USA and its parentage is unknown
(Stover and Mercure, 2007). Some believe the
cultivar is originally from Spain. The fruit is
shiny and deep red when light conditions are
perfect, yellow and light red with red speckles
are common in fruit deep in the canopy with
less light exposure or on the shaded side of the
fruit. Peel is leathery and tough with medium
peel thickness. Juice is sweet-tart to tart, or
even sour, depending on climate (Chater et al.,
2018b), and can be quite sweet (TA<1.0%) in
inland arid regions of California, such as Kern
County. Seeds are moderately hard and small.
A proportion of American consumers report
disliking the texture of the seeds, with many
refusing to eat them. Fruit are mature in mid
to late October, but growers are known to har-
vest earlier in late September to avoid autumn
rains; this reduces fruit quality in the USA
markets. Average TA reported has ranged from
1.1-1.6%and average TSS has ranged from
16.8-17.1%, although growers will often pick
when TSS is 15%. ‘Wonderful’ pomegranate arils
have measured as low as 14% in the Californian
market (unpublished data). TA can be less than
1%. Fruit are considered mature when TA is
lower than 1.85% (Kader, 2006) and TSS is at
or above 15%. Average weight of 100 arils is
32.5 g and the average weight of a fruit is 443.1
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g (Chater et al., 2018a). The tree is medium to
large and its branches hang or droop when fruit
develop and fill with water (Brooks and Olmo,
1997). The tree suckers profusely and requires
frequent pruning. It is a hardy tree that can
produce an average of over 300 fruits per tree
when cultivated by a master grower (e.g. The
Wonderful Company). Other growers may aver-
age yields closer to 50-75 fruits per tree (Chater
and Garner, 2018). ‘Wonderful’ is the industry-
standard cultivar in America and many other
countries and it has been the premier cultivar for
the past several decades, although plantings of
‘Wonderful’ have recently declined significantly
over the past 5 years. ‘Wonderful’ was origi-
nally brought to California in 1896 (Stover and
Mercure, 2007) and its name is believed by some
to be derived from Greek mythology.

5.15.2 ‘Early Wonderful’

A medium to large early season red pomegran-
ate, this cultivar is a bud mutation of ‘Wonderful’
and was selected by LK. Wileman et al. near
Visalia, California and patented in 1974, pat-
ent number 3520. The fruit is uniformly bright
red, shiny and matures in mid-September or 2
weeks before ‘Wonderful” (Fig. 5.77). Flavour
is similar to, yet thinner than ‘Wonderful” with
seeds being medium hard. This has historically
been a minor commercial cultivar in California
(Stover and Mercure, 2007) and can be found in
nurseries in California. The tree is vigorous and
has a similar growth habit to ‘Wonderful’. It is
reported to have good pest resistance and can be
strip-harvested in September (Brooks and Olmo,
1997).

Fig. 5.77. ‘Early Wonderful’. (Photo: John M.
Chater.)
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Fig. 5.78. ‘Foothill’. (Photo: John M. Chater.)

5.15.3 ‘Early Foothill’

A medium, red, early-eason commercial pome-
granate (Stover and Mercure, 2007), which
originated in Porterville, California and is a bud
mutation of ‘Wonderful’. Selected by R.J. Owen
and patented in 1976, the plant patent number
3884. It colours up earlier than ‘Wonderful’
and has redder flowers. The fruits are smaller
than ‘Wonderful’ and have less acids. Arils and
juice are red, and seeds are moderately hard.
Flavour is mild and delicate and less tart than
‘Wonderful’ and ‘Foothill’ (AKA ‘Foothill Late’).
‘Early Foothill’ matures late August or early
September and is earlier than ‘Wonderful’ and
‘Foothill’. The tree form is similar to ‘Wonderful’
(Brooks and Olmo, 1997).

5.15.4 ‘Foothill’ AKA ‘Foothill Late’

Medium to large red, commercial pome-
granate, like ‘Early Foothill’, originated in
Porterville, California and is also a bud muta-
tion of ‘Wonderful’ (Fig. 5.78). It was selected
by R.J. Owen and it was patented in 1976 with
plant patent number 3883. The fruit is similar
to ‘Wonderful’, but it has redder flowers and it
is more acidic than ‘Wonderful’. This cultivar is
later than ‘Wonderful’ and its tree form is simi-
lar to ‘Wonderful’. This has been a commercial
cultivar in California and to complicate mat-
ters, some growers market ‘Early Foothill' as

‘Foothill’, which has a sweeter and milder fla-
vour (Brooks and Olmo, 1997).

Fig. 5.79. ‘Granada’. (Photo: Ferdinando Cossio.)

5.15.5 ‘Granada’

Red, early-season, commercial pomegranate
(Stover and Mercure, 2007), this cultivar is a
bud mutation of ‘Wonderful’ and originated
in Lindsay, California and was patented by M.].
Slayman in 1966 with plant patent number
2618. The fruit is fully red to dark red and has
small moderately hard seeds (Fig. 5.79). This is
a commercial cultivar in California and is much
earlier than ‘Wonderful’, with some growers
starting shipping in early August and ending in
early September. The flavour of ‘Granada’ is sig-
nificantly less acidic than ‘Wonderful” and it can
be considered a sweet cultivar. The fruit have a
tendency to russet lightly during development.
The tree form is similar to ‘Wonderful’ (Brooks
and Olmo, 1997).

5.15.6 ‘Eversweet’

A small to medium-sized, pink pomegran-
ate with sweet soft seeds, originated in
Camarillo, California and was selected by S.].
Chater in the late 20th century (Fig. 5.80).
Its parentage is believed to be a chance seed-
ling from a Lebanese cultivar. This cultivar
was patented in the 1980s with plant patent
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Fig. 5.80. ‘Eversweet’. (Photo: Ferdinando
Cossio.)

number 5418 (Brooks and Olmo, 1997).
The rind is pink with red blush and soft and
it does not have a long postharvest shelf-life.
Fruit can be yellow if set under the canopy
and away from direct sunlight. Average fruit
weight is 250 g and average weight of 100
arils is 36 g. Average TA is 0.36% and aver-
age TSS is 16.0%. It has medium-sized soft
seeds with pink to reddish pink colour de-
pending on climate (Chater et al., 2018a).
The tree is smaller and blooms two or three
times per season, making it an indetermi-
nant cultivar with multiple cohorts of fruit
(Brooks and Olmo, 1997). It has an excel-
lent fruity, sweet flavour in coastal regions
and has less citric acid than malic acid
(Chater et al., 2019). Fruit mature over a
long harvest window due to multiple blooms
and fruit sets. Maturity can be as early as
late August and continue to October. Fruit
are usually desiccated and/or split by late
October and November.

5.15.7 ‘Al-Sirin-Nar’

Medium to large, sweet-tart, reddish pome-
granate, originated in either Azerbaijan or
Turkmenistan and came to the USDA/ARS
Southeastern Fruit and Tree Nut Research
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Fig. 5.81. ‘Al-Sirin-Nar’. (Photo: Jeff Moersfelder.)

Laboratory in Byron, Georgia from Michael
Hothchkiss (Fig. 5.81). Peel is soft and thick.
The seeds are hard and arils and juice are
red. Juice of ‘Al-Sirin-Nar’ pomegranates
had an average of 1.10% TA in citric acid
equivalent. TSS averaged 17.3% (Chater
et al., 2018a). The tree is vigorous and has
relatively high yields. Due to hard seeds, this
cultivar would be a good candidate for juice.
The fruit is mature by late October.

5.15.8 ‘Blaze’

A medium-sized, sweet-tart, red pomegranate,
with a shape similar to ‘Wonderful’. Tt origi-
nated in Camarillo, California and was bred and
selected by S.J. Chater in the late 20th century
(Fig. 5.82). Peel is leathery and thick (Chater,
2014). Average TA is 1.1% and average TSS is
17.4%. Arils and juice are red to dark red. Seeds
are medium-sized and moderately hard (Chater
et al., 2018a). The tree grows in a similar way to
‘Wonderful’; tree size is medium to large and its
branches hang or droop when fruit develop. This
cultivar has high yield in optimal conditions and
is a candidate for fresh market or juice (Chater,
2014). The fruit mature by mid- to late October
(Chater et al., 2018a).

Fig. 5.82. ‘Blaze’. (Photo: John M. Chater.)
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Fig. 5.83. ‘Desertnyi’. (Photo: John M. Chater.)

5.15.9 ‘Desertnyi’

A medium-sized, sweet-tart pomegranate with
soft seeds, which originated in Turkmenistan
and was developed by N.J. Zaktreger, O.F.
Mizgireva and A.D. Strebkova (Preece et al.,
2016). The parentage is reported to be the
following cross: [(‘Kazake’” X ‘Wonderful’) x
‘Wonderful’] (Levin, 2006). It came to USDA
germplasm in 1999. It is a pinkish red to red
fruit with red arils (Fig. 5.83). The rind is soft
and the fruit has poor shelf-life and does not
transport well (Preece et al., 2016). The seeds
are small and soft and it has a flavour that some
have described as citrusy. Fruit quickly perish on
the tree if left on beyond harvest date, making
the harvest window for this cultivar rather nar-
row. Average fruit weight is 383 g and average
100-aril weight is 37.3 g. Average TA is 1.5%
and average TSS is 16.7% (Chater et al., 2018a).
The tree is small and grows slowly and may be
a semi-dwarf type. Branches are thorny and the
tree grows as a spreading bush if not properly
pruned (Preece et al., 2016). The branches may
be weaker than other cultivars. This cultivar has
poor pest resistance.

5.15.10 ‘Haku Botan’

A yellow, ornamental, sour pomegranate with
white double-flower blooms (Preece et al., 2016)
(Fig. 5.84). This cultivar originated in Japan
Shibamichi Nursery in Saitama, Japan. It was
introduced to the USDA germplasm in 1990.
The fruit are small to large, white to yellow,
with calyx lobes that often come together at the
tips (Preece et al., 2016). The arils and seeds
are small. The seeds are medium hard to hard.

Fig. 5.84. ‘Haku Botan’. (Photo: Jeff Moersfelder.)

The juice has a lemony flavour and is sour to
sweet-sour. Average TA is 3.9% and average TSS
is 15.8% (Chater et al., 2018a). Arils are white
to yellow, but sometimes some pink can be ob-
served very late in the season (November). The
fruit are susceptible to sunburn (Preece et al.,
2016), wind damage and split, and will almost
turn inside-out late season, exposing the arils.
The tree form is upright and up to 4 m in height.
The tree produces bright white double flowers
that have commercial potential and the branch-
es generally lack thorns.

5.156.11 ‘Parfianka’

Originally from Turkmenistan, the plant is moder-
ately vigorous, spinescent, very productive, with
medium to large-sized fruits (Kennedy, 2010;
Chater et al., 2018a). The fruits have a homoge-
neous, intense, bright red colour (Fig. 5.85). The
arils are ruby-red, medium—large, and the juice
is dark red. Some have argued that it is superior
to ‘Wonderful’ in taste, being sweeter and more
aromatic. Soluble solids 18%, total acids 0.83%
in Italian systems. Average TA is 1.22% and av-
erage TSS is 15.9% in California, USA (Chater
etal., 2018a). The seed is small and soft. The plant
has less vigour in comparison with ‘Wonderful’,
but is readily propagated via hardwood cuttings
(Kennedy, 2010; Chater et al., 2017). The fruit
matures in mid-October, or about 2 weeks before
‘Wonderful'. The fruits are sensitive to botrytis and
insects. The shelf-life is poor.

5.156.12 ‘Purple Heart’

Medium-sized, tart-sweet, red pomegranate,
marketed as ‘Sharp Velvet’ in California, USA.
Fruit shape is similar to ‘Wonderful’, with me-
dium to large fruit (Fig. 5.86). It originated
in Camarillo, California and was bred and
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Fig. 5.85. ‘Parfianka’. (Photo: Jeff Moersfelder.)

Fig. 5.86. ‘Purple Heart’. (Photo: Jeff
Moersfelder.)

selected by S.J. Chater. It was introduced to the
USDA germplasm in 1990. The peel is leath-
ery and thick (Preece et al., 2016). Average
TA is 1.4% and average TSS is 16.8% (Chater
et al.,, 2019). Arils and juice are red to dark red.
Seeds are medium-sized and moderately hard.
Seeds are crunchy with a nutty flavour (Preece
et al., 2016). The tree grows in a similar way to
‘Wonderful’; tree form is medium to large and its
branches droop. The cultivar has high yield in
optimal conditions and is a candidate for fresh
market or juice. The fruit mature by mid- to late
October in Davis, California.

5.15.13 ‘Ink’

A medium-sized, sweet-tart, dark red pomegran-
ate, which originated in Chico, California at the
California Plant Introduction Station. The fruit

Fig. 5.87. ‘Ink’. (Photo: Jeff Moersfelder.)

Fig. 5.88. ‘Ariana’. (Photo: Jeff Moersfelder.)

shape is similar to ‘Wonderful’ (Fig. 5.87). The
arils are large and are solid to dark red. The seeds
are medium hard. This cultivar scored well in
USDA sensory panels (Moersfelder, 2008).

5.156.14 ‘Ariana’

A medium- to large-sized, tart-sweet, red pome-
granate with soft seeds, which came to USDA
germplasm in 1999 and originated from
Turkmenistan (Moersfelder, 2008). The fruits are
round-flat. The arils are red and large, the juice is
dark red (Fig. 5.88). The seeds are small and soft,
TSS 14.1% and TA 1.25% at maturity. The plant
has been described as a low-growing shrub with
multiple trunks that grows more horizontally. The
fruit mature in late October (Preece et al., 2016).
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Nursery Management
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6.1 Introduction

Pomegranate is a powerhouse of therapeutic
and nutritional properties and belongs to the
coveted category of the ‘super fruits’. The ver-
satile adaptability of this wonder fruit crop to a
wide range of climatic and edaphic conditions
makes it one of the choicest fruit crops in cli-
matically challenged areas (Singh et al., 2012a;
Maity et al., 2014). It is a relatively hardy plant
and responsive to improved cultural practices;
plants produce attractive ruby-red fruits and re-
freshing red arils packed tightly inside a leathery
rind ensuring keeping qualities (Levin, 2006).
These features have made pomegranate cultiva-
tion a highly lucrative agriculture business in
water-scarce semi-arid tropics and subtropics.
The high returns on investment per unit area
from this crop have resulted in a rapid increase
in area, production and export of pomegranate
during the recent past (Sharma et al., 2014).
Although there are no systematic data
available to strongly support the pomegranate
revolution globally, rough estimates suggest that
the global production and acreage of pomegran-
ate have registered an unprecedented growth
of about twofold since 2007-2008. The global
pomegranate acreage increased from roughly
0.22million ha to 0.5 million ha and production
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rose from 2.3million metric tonnes (t) to
6.0million t over the same period (Holland and
Bar-Ya'akov, 2008; Chandra et al., 2010). The
global production is led by India with 2.8 mil-
lion t, followed by China, Iran, Turkey, the USA,
Tunisia, Morocco, Spain and Israel (National
Horticultural Board, 2018 http://nhb.gov.in;
Singh et al., 201 7a). This unprecedented expan-
sion demands the availability of quality planting
material to ensure sustainability and profitabil-
ity from the established orchards.

Healthy planting material is the first step
for successful crop production, and this becomes
all the more important in horticultural crops
that are perennial. The rapid pace with which
pomegranate expansion is under progress ne-
cessitates huge availability of elite planting ma-
terial, and this requires confluence of traditional
propagation methods with modern propagation
techniques and logistics to make available the
required quantities. Taking into consideration
the area expansion during the past 10 years, on
average more than 20 million elite pomegranate
saplings are globally required per year for planta-
tion to meet the pace of expansion. Traditionally,
pomegranate is propagated through hardwood
cuttings and air layering but in the recent past in
vitro-raised disease-free and bio-hardened pome-
granate saplings are becoming popular among
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pomegranate farmers to avoid the spread of dis-
eases like bacterial blight through planting ma-
terial carrying latent infection. There are also a
few reports in the recent past on exploring possi-
bilities of grafting, budding and other innovative
propagation methods in pomegranate (Karimi
etal., 2011; Karimi, 2011; Chandra and Jadhav,
2012; Pal and Singh, 2017; Singh et al., 2017b,
¢; Ahire et al., 2017). This chapter examines
various propagation methods, techniques and
nursery management practices in pomegranate.

6.2 Nursery Management in
Pomegranate with Special Reference
to India (Sharma and Srivastav, 2004;
Ahire et al., 2017; Sharma et al., 2014)

Until recently, before commercialization of
micropropagation protocols, the greatest bot-
tleneck in the fast expansion of pomegranate
plantation was limited availability of healthy
and elite saplings. Traditionally, pomegranate
planting material is propagated through air lay-
ering and stem cuttings, which may carry latent
infections of threatening diseases like bacterial
blight and wilt and act as inoculum sources in
new areas of pomegranate cultivation. Hence,
procuring healthy planting material from a
reliable certified nursery is of paramount im-
portance. Therefore it is high time to establish
stringent nursery guidelines and ensure their
strict execution to avoid the spread of diseases
in new areas through infected planting material.

Essential steps for establishing an ideal com-
mercial nursery for production of elite planting
material:

®  The mother plants should be maintained by
the recognized organizations or the protec-
tor of the variety. Relevant morphological/
genetic/molecular markers or Distinctness,
Uniformity and Stability (DUS) characteris-
tics should be established for maintaining
varietal identity and purity.

®  Healthy mother plants should be used to
establish progeny orchards/increase block
and should be monitored by a team of
experts regularly for any kind of serious
infection.

®  Approved/certified nurseries / tissue cul-
ture laboratories must use elite planting
material and follow only standard propaga-
tion methods and protocols like air layering
/ hardwood cuttings / micropropagation,
budding, grafting, etc.

®  Suspected propagating material has to be
tested regularly through diagnostic symp-
toms, ooze tests, microscopy, molecular di-
agnostics, in vitro culturing, etc.

®  Each selected source tree should be regis-
tered, and nurserymen should use perma-
nent and separate tags to label saplings of
each propagation group.

® Non-certified nursery stock cannot be
grown or introduced into the same green-
house structure.

Nursery sanitation and treatment of moth-
er plant and saplings:

The nursery should be kept clean.
Drenching of nursery with bleaching pow-
der solution (a.i. 33%Cl) every 3 months
at the rate of 25kg/1000 Iwater/ha on
ground.

®  Pruning tools — secateurs, etc., if used
should be sterilized after handling each
plant with sodium hypochlorite (2.5%).

®  Keep nursery free from weeds, which may
be latent carriers or multiplication ground
for several diseases, nematodes and insect
pests.

® Apply Bordeaux paste (10%) to the cut
ends of the mother plant and air-layered
cuttings.

® Treat the roots of air layered cuttings with
copper oxychloride (COC) at 2.5 g/l to pro-
tect against soil-borne diseases at the early
stage and plant them in the standard size
polyethylene bags filled with potting mix-
ture containing plant-beneficial microbes.

Nursery certification:

® The issuing of a phytosanitary certificate
should be mandatory.

®  Periodical inspection of the specified/nurs-
eries should be mandatory for the presence
of any disease/insect pests before the plant-
ing material is lifted.

®  Mother plants and saplings should be regu-
larly monitored for:
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—  bacterial blight leaf spots and nodal
blight;

—  Cercospora leaf spots (common);
—  Alternaria leaf spots and heart rot;

- wilt - Ceratocystis  fimbriata,
Macrophomina, Rhizoctonia, Fusarium;

—  Sucking pests—thrips and aphids (most
common nursery pest in pomegranate),
mealybugs, scale insects and mites;

— nematodes (root knot nematode);
—  other insect pests and diseases.

Nursery site and facilities:

®  The nursery site must be well connected to
roads.

®  All nursery stock must be propagated only
at the approved site.

® There must be facilities such as shadenet
houses, mist houses, low tunnel poly
houses, a place for the sterilization of pot-
ting mixture and other climate-controlled
structures.

®  Pest monitoring tools such as yellow sticky
traps or other detection devices for insects
should be used by the nursery.

®  Commercial nursery sites must be about 1
km away from commercial pomegranate
plantations unless and until propagation
is carried out in highly sanitized protected
structures.

® The site should have an adequate quality
water supply and the area should be well
drained.

®  The site should have adequate parking out-
side the facility, and a dedicated area for de-
livery of saplings.

®  The nursery site should incorporate natu-
ral or artificial windbreaks and must be
fenced with secured entrances.

e Site access should have permitted entry
only through an area that incorporates
decontamination areas for personnel and
equipment.

®  TFither a soilless planting mixture such as
different proportions of cocopeat, perlite,
compost and vermiculite should be used,
or planting mixtures should be sterilized to
render them free from soil pathogens, insect
pests and nematodes. Sterilization may be

done through (i) solarization, (ii) aerated
steam, (iii) using chemicals or (iv) using
electric soil sterilizers.

®  The potting mixture should be biofortified
with plant-beneficial microbes.

®  Well-rooted plants either in nursery
bags with sterile potting mixture or well-
established and trained plants in plastic pots
should be encouraged for orchard planting.

®  Proper record keeping should exist for sale
of saplings and mother plant maintenance.

6.3 Sexual Propagation

Pomegranate is propagated commercially using
cuttings, air layering and in vitro propagation
methods, but seed-raised plants are required for
crop improvement programmes. Though pome-
granate is not commercially propagated through
seeds owing to morphological and yield variabil-
ity among plants raised through seeds, informa-
tion on seed germination of different genotypes
is useful to plant breeders and pathologists to
screen large populations of seedlings and de-
velop new hybrids (Singh et al., 2016a). In ad-
dition, Indian local varieties used for anardana
preparation are mostly grown through seeds,
so, germination and growth studies using wild
Daru type pomegranate will be useful for in-
creasing wild pomegranate plantations in the
areas of their natural habitat. It is also possible
to raise seedlings and graft or bud with desired
cultivars, although this is a more expensive and
time-consuming process and is not a usual task
in commercial pomegranate propagation. There
are few reports of sexual propagation of pome-
granate. Previous reports have stated that the
seed germination percentage varies from 7-98%
and the time taken for germination ranges from
10 to more than 100 days depending on variety,
seed hardiness and storage period (Levin, 2006;
Chandra et al., 2014). In dwarf pomegranate,
seed germination is very low due to the pres-
ence of water-soluble inhibitors in the fleshy
seedcoat (Cervelli and Belletti, 1994; Jalikop,
2007). Generally, varieties with the hardest
seeds have a lower germination percentage than
soft-seeded ones, which indicates a mechanical
and physical dormancy in pomegranate seeds
(Rawat et al., 2010; Karimi et al., 2011; Silva
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et al., 2016). Although Noda et al. (2002) re-
ported the cause of delay in the germination of
pomegranate seeds is the presence of sarcotesta
that surrounds the seeds and contains phenolic
compound, anthocyanin and tannins. Silva et al.
(2016) identified the main reasons for the lack
of uniformity in germination of pomegranate
seeds as physical and physiological dormancy.
There are several reports related to the removal
of dormancy in the seeds of some pomegranate
cultivars by warm and cold moist chilling treat-
ments (Rawat et al., 2010; Karimi et al., 2011;
Shalimu et al., 2016; Silva et al., 2016). Karimi
et al. (2011) reported that in ‘Malas-e-Yazdi’
cultivar, the highest percentage of germination
was obtained by 40 days’ treatment of stratifica-
tion, while in another study, Olmez et al. (2007)
identified that 60 days of stratification is suitable
for seed germination of wild genotypes of pome-
granate. In summary, it can be postulated that
the amount of stratification for breaking seed
dormancy in pomegranate, depending on the
variety, is between 25 and 60 days at 5°C (Olmez
et al., 2007; Rawat et al., 2010; Karimi et al.,
2011). It has also been reported that in seeds of
pomegranate, higher germination percentages
are achieved by the combination of warm and
cold stratification rather than by cold stratifica-
tion alone (Shalimu et al., 2016). A combina-
tion of warm and cold stratification-induced
H,0, change led to greater changes (elevation
followed by attenuation) in activities of the scav-
enging enzymes than that induced by cold strati-
fication alone.

6.4 \Vegetative Propagation

Clonal or vegetative propagation ensures pro-
duction of genetically identical saplings, thus it
ensures uniformity of trees and keeps all horti-
cultural traits intact and similar to the mother
plant or original cultivar. Hence, pomegranate
is commercially propagated through different
methods of vegetative propagation.

6.4.1 Stem cutting

This is a commercial method of pomegran-
ate propagation and pomegranate orchards

worldwide use saplings propagated through
stem cuttings (Levin, 2006; Day and Wilkins,
2009; Holland et al., 2009). Propagation by
stem cutting requires formation of an adventi-
tious root system, as the potential shoot system is
already there in the form of shoot buds. After ob-
serving cutting success from different methods
of stem cutting, it can be concluded that success
varies with intrinsic factors like genetic material,
nutrient reserve, hormonal levels of stems, age
dimension and maturity of stem, position of the
branch on the mother plant and extrinsic fac-
tors like pruning, fertilization, irrigation, stem
cutting time, rooting environment and hormone
applications (Chadha, 2001; Polat and Caliskan,
2009; Chandra et al., 2014; Singh, 2017b).
Hardwood, semi-hardwood and softwood cut-
tings have been reported for propagation in
pomegranate (Table 6.1). Though Saroj et al.
(2008) and Hussain et al. (2012) reported high
rooting success under controlled conditions in
semi-hardwood owing to higher endogenous
protein levels but in general the use of hardwood
cuttings is the preferred method of pomegranate
propagation due to high cutting success (Reddy
and Reddy, 1989, 1990; Sandhu et al., 1991;
Panwar et al., 2001; Chadha, 2001; Rajan and
Markose, 2007; Chandra et al., 2014). It is easy
to observe initial sprouting in pomegranate cut-
tings to the tune of more than 85%, but due
to the inability of some of the cuttings to form
an adventitious root system, the ultimate cut-
ting success reduces considerably (Singh et al.,
2015). The maturity of wood plays a vital role
in rooting of different types of stem cuttings
used for propagation in pomegranate. Six to
18-month-old basal portions of stem, during or
immediately after rest or dormancy should be
used for propagation through hardwood cutting,
and 20-25-cm-long, 6—12-mm-thick cuttings
with four nodes lead to high cutting success
(Purohit and Shekharappa, 1985; Reddy and
Reddy, 1990; Dhillon and Sharma, 1992; Rajan
and Markose, 2007; Chandra et al., 2014). Stem
cuttings in pomegranate are generally low in
root-promoting cofactors, and preconditioning
by girdling, ringing, etiolation and basal wound-
ing of cuttings have been reported to promote
rooting cofactors and rooting of cuttings (Reddy
and Reddy, 1989; Yesiloglu et al., 1997; Pandey
and Bisen, 2010). Use of plant growth regula-
tors, mainly auxins, induces rooting of cuttings
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Table 6.1. Different types of cuttings and growth regulators used in pomegranate propagation.

Duration of
growth regulatorConcentration of growth

Cultivar Type of cutting treatment regulator (ppm) Reference

‘Bassein Seedless’ Hardwood cutting Quick dip 2500 indole-3-butyric Reddy and
acid (IBA)+2500 Reddy, 1989
paclobutrazol

‘Bassein Seedless’ Hardwood cutting Quick dip 2500 IBA+2500 Reddy and

1-naphthaleneacetic acid Reddy, 1990
(NAA)

‘Ganesh’ Hardwood, semi- Quick dip 5000 IBA Ghosh et al.,
hardwood and 1988
softwood cuttings

‘Bedana’ Hardwood cutting Quick dip 1000 polyhydroxybutyrate Hore and Sen,

(PHB) + 2500 NAA 1993

‘Ganesh’, ‘Dholka’ Hardwood cutting Quick dip 1000 PHB + 5000 IBA Tripathi and

Shukla, 2004

‘Jalore Seedless’ Hardwood and semi- Quick dip 2500 IBA Saroj et al., 2008
hardwood cutting

‘Bhagawa’ Hardwood cutting Quick dip 2500-5000 IBA Singh et al.,

2014; Sharma
etal., 2014

‘Bhagawa’ In situ hardwood Quick dip 2500-5000 IBA Singh, 2017
cutting

Pomegranate Hardwood cutting Quick dip 12,000 IBA Melgarejo et al.,

(‘ME12’, ‘CRO2’ and basal 2000

and ‘PT08’) wounding

Pomegranate Hardwood cutting Quick dip 1000 IBA Polat and

(multiple varieties) Caliskan, 2009

‘Wonderful’ Hardwood cutting Quick dip 1000 IBA+500 GA, Sarrou et al.,

2014

and improves cutting success. The increased
hydrolytic activity, enhanced callus and tissue
formation, and vascular differentiation in the
presence of auxin might be the reason for im-
proved rooting (Singh, 2014). Both quick dip
and prolonged dip methods have been used by
different researchers but quick dip of cuttings
for 30s to 5min in a solution with 1000-5000
ppm indole-3- butyric acid (IBA) is found to be
the best to induce rooting in pomegranate cut-
tings (Ghosh et al., 1988; Dhillon and Sharma,
1992; Hore and Sen, 1993; Panwar et al.,
2001; Tripathi and Shukla, 2004; Saroj et al.,
2008; Chater et al., 2017). In addition to IBA,
1-naphthalene acetic acid, p-hydroxybenzoic
acid, paclobutrazol, ferulic acid, indole-3-acetic

acid, Ethrel®, salicylic acid, GA,, H,0, and mela-
tonin at different concentrations either alone or
in combination have been reported to promote
rooting in pomegranate (Tripathi and Shukla,
2004; Saroj et al., 2008; Karimi et al., 2012;
Sarrou et al., 2014). Many researchers have re-
ported the use of plant-beneficial microorgan-
isms like Trichoderma harzianum, Pseudomonas
fluorescence, Azospirilum sp., Azotobacter sp., etc.
to improve rooting of cuttings in pomegranate
due to their growth-promoting properties (Patil
et al., 2001; Jaganath et al., 2009).

The medium used for planting of cuttings
has a great influence on root proliferation and
cutting success (Chandra et al., 2014). Different
types of rooting media are used for propagation
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Fig. 6.1. Stages of hardwood cuttings (HWCs) in pomegranate including sanitation protocol. Upper
left to right: bundles of HWCs of desired length and thickness; treatment of HWC in lukewarm solution
of fungicide and bactericide; indole-3-butyric acid (IBA) treatment of basal portion of cuttings. Bottom
left to right: sprouted cuttings on sterile cocopeat medium; rooted cuttings in nursery bags with potting
mixture; root biomass of HWC-raised plants. (Photos: Nripendra Singh.)

of pomegranate through cuttings, which in-
clude river silt, cocopeat, biopeat, saw dust, ver-
miculite, perlite, sand and other potting mixtures
(Deol and Uppal, 1990; Batista et al., 2011). Hu
and Wang (1993), reported 98% rooting success
in hardwood cutting on fly ash medium. Ansari
(2013) observed maximum rooting in hard-
wood cuttings on sand and vermiculite rooting
medium. Sand and vermiculite medium along
with bottom heat treatment gave 85% rooting
success in pomegranate cuttings when planted
in a mist chamber (Khalil, 2013). An ideal root-
ing medium for rooting of pomegranate cuttings
should have unrestricted gaseous exchange and
sufficient aeration to allow air to reach to the
newly forming roots, and can hold enough and
uniform moisture to avoid drying or moisture
stress (Rajkumar et al., 2017).

Singh et al. have standardized hardwood
cutting and sanitation protocols for high cut-
ting success and production of healthy saplings
in pomegranate cv. ‘Bhagawa’ (Fig. 6.1) (Singh
etal., 2014) as follows:

®  Pruned wood/stem immediately after rest
phase/dormant phase preferred for a high
success rate.

Take 6-18-month-old shoots for the hard-
wood cuttings for high success; lateral
shoots, which usually flower and fruit heav-
ily, should not be used for making cuttings.
Stem cuttings ranging in length from 20—
25cm and thickness 0.6—1.2cm perform
best.

Before planting it is desirable to sanitize
the cuttings by giving them a 15-min dip
in 2-bromo-2-nitro-1,3-propanediol @
500mg/l + carbendazim (50% WP) @ 1.0
g/l dissolved in lukewarm water at 45°C to
get rid of non-systemic surface pests and
disease pathogens.

Surface sterilize the cuttings using NaOCl at
2% for 15 min.

Dip the lower part (basal end, about
2—-3cm) of stem cuttings for 1 min in a so-
lution of IBA at 2.5 g/l for inducing roots in
stem cuttings.

Plant the cuttings in sterilized/biofortified
cocopeat for faster rooting in a polyhouse/
shadenet house.

Well-rooted cuttings should be transferred
after 45—60 days to nursery bags filled with
presterilized cocopeat in the upper three-
quarters (place rooted cuttings in the top
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cocopeat portion) and a sterilized mixture
of sand, soil and farmyard manure (1:1:1)
in the bottom quarter.

® At the time of transfer, place premultiplied
plant-beneficial microflora formulation
containing P. fluorescens, arbuscular myc-
orrhizal fungi (AMF) (only multiplies in/on
root system) and Aspergillus niger AN27 in
the root zone.

® Plant in the field after 45 days of growth in
bags. Before shifting to the field keep plants
for 1 week in the shade for acclimatization.

6.4.2 In situ hardwood cutting

Pomegranate orchards are sometimes estab-
lished by direct planting of unrooted freshly
harvested cuttings (Blumenfeld et al., 2000;
Chandra and Babu, 2010; Holland et al., 2009).
In situ hardwood cutting offers an easy, excel-
lent and cost-effective way to expand the already
existing orchard. Preparation of hardwood cut-
tings is similar to stem cutting, but after making
cuttings ready, they are directly planted in the
field. While refilling the pit, a central portion of
20 cm (depth) x 15 cm (diameter) should be left
unfilled, half of this portion should be filled with
cocopeat followed by pit treatment with fungi-
cides and insecticides. Each pit is planted with
four cuttings and temporarily covered with old
shade net, to maintain optimum moisture the pit
should be supplied with two drippers. (Fig. 6.2)
(ICAR-NRC on Pomegranate, 2016; Singh,
2017).

Fig. 6.2. In situ hardwood cutting. Left to right:
planted cutting covered with discarded shade
net and other material; sprouted in situ-planted
cuttings. (Photos: Nripendra Singh.)

printed on 2/13/2023 12:34 PMvia .

6.4.2.1 Advantages

No transplantation shock to the plants.
Very cost effective and saves manpower and
nursery costs.

®  Fasy and farmer friendly.

6.4.3 Air layering

Air layering is the most prevalent method of
pomegranate propagation in the Deccan Plateau
region of India (Chandra et al., 2014). For air lay-
ering, upright branches of 0.8—1.5 cm in diameter
from a healthy tree are selected in the rainy season
and girdled 2-3 cm in length. Rooting hormone
(2000-3000 ppm IBA) is applied on the upper cut
of the girdle and wrapped with moist rooting me-
dium (sphagnum moss) with the help of a small,
black/white polythene strip (200-300 gauze),
and both the sides are tied with coir/jute thread or
string (Fig. 6.3) (Chandra and Babu, 2010; Tomar,
2011; Sharma et al., 2014). In general, sphag-
num moss is used as a substrate for covering the
girdled portion of air layers and IBA either alone
or in combination with p-hydroxybenzoic acid at
a concentration ranging from 1000-5000 ppm is
used to induce early rooting in air layers for high
success (Hore and Sen, 1995; Bhosale et al., 2009;
Tomar, 2011; Chandra et al., 2014). However,
sawdust, fly ash, coconut coir and pond soil have
also been reported as substrates for covering the
girdled stem for pomegranate air layers (Allioli
et al., 2001). Rooting takes place between 30—40
days, and well-rooted layers are detached from the
mother plants after about 60-75 days. These air
layers, after 70—-80% defoliation, can be planted in
the nursery or in polythene bags containing soil,
sand and well-rotted farmyard manure in a 1:1:1
ratio. The optimum time for air layering is June—
August under the Deccan Plateau conditions of
India (Chandra et al., 2014; Tayade et al., 2017).
Well-developed layered plants can be used for es-
tablishment of orchards.

6.4.4 Mound layering

Multiplication of pomegranate through mound
layering is a novel, convenient and cheap tech-
nique for obtaining planting material. Considering
the tendency of pomegranate to produce profuse
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Fig. 6.3. Air layering in pomegranate. Clockwise: ringing; air layers on mother plant; detached air layers.

(Photos: Nripendra Singh.)

suckers as needed for stool layering, this propa-
gation method has been tested at ICAR-National
Research Centre in India. This method of propa-
gation has been successfully used for propagation
of apple rootstocks, quince, guava and some or-
namentals (Rymbai and Reddy, 2010; Chandra
et al., 2014). Exploitation of ground layering as
an alternative method of pomegranate propaga-
tion has earlier been suggested by Chadha (2001).
In mound layering of pomegranate under the cli-
mate conditions of Solapur, India, mother plants
are headed back at 5 cm height above ground level
in March. In late June, lanolin paste with 2500
ppm IBA is applied after wounding/girdling at the
base of stool shoots, when stool shoots attain ap-
proximately 45cm in height and are covered up
manually with field soil up to 20 cm above ground
level. The shoot tip is removed at the height of 1
m of stool shoot from ground level (Chandra and
Babu, 2010; Chandra et al.,, 2014; Singh et al.,
2017a).

The per unit (m?) production of air layered
planting material from a well-established pome-
granate orchard of cv. ‘Bhagawa’ planted at stand-
ard spacing of 4.5 x 3.0m is about 11.1 rooted
plants as compared with rooted stool shoots, in
which it is as high as 19.5 per m?, if progeny plant
spacing is 0.5 X 0.5 m (Singh et al., 2017b). Thus,

it is possible to produce more saplings per unit us-
ing stool or mound layering and this can be an op-
tion for plant propagation for small and marginal
farmers in semi-arid areas for expansion of their
own pomegranate orchard (Chandra et al., 2014;
Singh et al., 2017b).

6.5 Grafting and Budding

Grafting and budding are horticultural tech-
niques, practised for many years and in many
parts of the world. It is mainly practised to ob-
tain the advantages of rootstocks for soil and
water salinity, soil-borne pests and diseases, and
for benefits like precocity and dwarfing of fruit
trees and other biotic and abiotic challenges in
a climate change scenario. Pomegranate is a
fruit tree that has been propagated traditionally
by stem cuttings and air layering, and no seri-
ous attempt has been made to exploit grafting
and budding. Grafting in pomegranate has been
reported earlier by Asadov (1987), but Kar et al.
(1989) explored the possibility of top working
through budding and grafting in pomegran-
ate. Recently, in some areas of Iran, farmers
used this technique to change the pomegranate
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cultivars in their orchards. Environmental and
non-environmental stresses such as drought,
salinity of water and soil, soil-borne diseas-
es, frost and nutrient imbalances are among
the factors limiting pomegranate cultivation
across the globe (Karimi and EiniTari, 2016).
Screening of pomegranate germplasm, particu-
larly wild genotypes, against various biotic and
abiotic stresses should be carried out to iden-
tify potential rootstocks. Thus, non-commercial
genotypes that are resistant to environmental
and non-environmental stresses can be used
as rootstock (Karimi and Farahmand, 2011;
Karimi and Mirdehghan, 201 3; Nowrozy et al.,
2016; Karimi and Hasanpour, 2017). One of
the characteristics of pomegranate is the ease of
propagation of clonal rootstocks in comparison
with other fruit trees. Thus, uniform pomegran-
ate orchards can be raised with grafted plants.
There are reports on pomegranate propaga-
tion through cleft and bench grafting, wedge
grafting, omega grafting, patch budding, shield
budding, ring budding and stenting meth-
ods (Karimi, 2011; Karimi and Farahmand,
2011; Chandra and Jadhav, 2012; Hasanpour
et al., 2015; Nowrozy et al., 2016; Karimi and
Nowrozy, 2017Karimi and Hasanpour, 2017).
Table 6.2 shows the methods of grafting and
budding reported on the pomegranate and the
ideal time to do it.

6.5.1 Shield and ring budding

Shield and ring budding methods are com-
monly used to change cultivars in the pome-
granate orchards. Both methods are performed
when the rootstock bark is slipping during the
early summer and the scion buds are matured
and hardened. These budding methods are
performed on suckers of the trees. Ring bud-
ding during late June gave 75% graft success
on suckers of mature trees of ‘Ali-Agaei’ and
‘Shirin-e-Shahvar’ cultivars as rootstocks
(Nowrozy et al., 2014).

6.5.2 Patch budding

Chandra et al. (2013) have standardized patch
budding in pomegranate, which can be utilized
effectively for in situ budding. More than 90%
success has been achieved when ‘Bhagawa’
scion bud was budded on wild pomegranate
rootstocks during November to February un-
der Solapur conditions (Chandra et al., 2014).
One-year-old rootstock and a patch bud of 20
mm X 10 mm had been found ideal for patch
budding. The patch of bark containing the
bud is cut from the bud stick similar to the
bark patch removed from the rootstock. After

Table 6.2. Methods of budding and grafting in pomegranate.

Budding and grafting method  Ideal time® References

Cleft grafting Early March Nowrozy et al., 2016
Nowrozy et al., 2014

Bench grafting Early March Karimi and Farahmand, 2011

Wedge grafting January Chandra et al., 2009; Chandra and
Jadhav, 2012

Omega grafting Early March Karimi and Nowrozy, 2017

Stenting Early March Karimi, 2011
Karimi and Nowrozy, 2017

Chip budding Late March Nowrozy et al., 2016
Nowrozy et al., 2014

Shield budding Late June Nowrozy et al., 2014

Ring budding Late June Nowrozy et al., 2014

Patch budding

November to February

Chandra et al., 2013, Chandra
etal., 2014

aMay vary according to geographical location
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N

Fig. 6.4. Patch budding in pomegranate: scion
bud and rootstock (left); sprouted bud after union
(right). (Photos: Nripendra Singh.)

the bud patch is removed from the bud stick, it
must be placed immediately on the rootstock to
avoid loss of moisture from the bud. The patch
from the bud stick should fit snugly in the root-
stock from where the bark of similar size has
been removed. Polythene tape, polythene strips
or grafting tape are used for covering the bud-
ded portion to enhance budding success by

maintaining high moisture at the budded por-
tion (Fig. 6.4) (Singh, 2017).

6.5.3 Bench grafting

This method can only be used in the nursery
to produce grafted pomegranate plants. One-
year-old rooted cuttings or 2-year-old seed-
lings are used as rootstock. In early March,
the rootstocks are removed from the nursery
and grafted. In this method, first, the root-
stocks are headed back at a height of 10—
15cm in length, and a vertical cut is made
on them. Then the bottom part of the scion is
cut as a wedge and placed in the vertical slit
of the rootstock and tightly fitted with yarn
(Fig. 6.5). The grafted plants are then planted
in a substrate of moist sawdust, and the tem-
perature is kept at 18 * 2°C until callus for-
mation and it is finally planted in the nursery
bed. The most important point in this method
is the preparation of scions from young trees,
since older scions produce callus later (Karimi
and Farahmand, 2011; Nowrozy et al., 2016).

6.5.4 Cutting and grafting (stenting
method)

In pomegranate, propagation using bench
and cleft grafting requires skill and time
to produce rooted rootstocks (Karimi and
Farahmand, 2011). An alternative method

Fig. 6.5. Bench grafting in pomegranate. Left to right: grafted rootstocks for cultivation in nursery bed;

growing grafted plants. (Photos: Hamidreza Karimi.)
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is simultaneous cutting and grafting, which
is sometimes called the stenting method.
Stenting is a method for quick propagation of
plants. Cutting and grafting are performed si-
multaneously. The scion is grafted on to anon-
rooted rootstock. The formation of the graft
union and adventitious roots on the rootstock
occur simultaneously. Stenting is now being
used worldwide by rose growers and is also
a valuable technique in propagating species
of conifers and also rhododendron, apple,
plum and pear (Hartmann et al., 2002; Izadi
et al., 2013). In this method, stem cuttings of
1-1.2 cm diameter should be harvested from
the mother plant and cut back to the desired
length of 15-20cm for using as rootstocks.
Also, scions 1-1.2 cm in diameter and 5-7 cm
in length are selected. Rootstocks and scions
are prepared n a similar way to bench or cleft
grafting, and then the scions are placed into
the rootstock gap in such a way that the cam-
bium layers of scion and rootstock have the
maximum area of contact. The grafted area is
wrapped using a cotton band, and the bottom
of rootstocks are treated with IBA hormone in
500-1000 mg/1 concentration and are plant-
ed in moist perlite medium. Then the whole
system (scion and rootstock) is covered in a
layer of perlite or cocopeat. Grafted cuttings
are kept under these conditions for 4 weeks,
and then the perlite or cocopeat layer is re-
moved to avoid adventitious root formation
on the scion (Karimi, 2011). The best time to
perform stenting is early March.

6.5.5 Omega grafting

There are hand machines for grafting fruit
trees, and one of them is the omega grafting
machine. The machine can be used for the
production of grafted plants of pomegran-
ate in a nursery or to change a cultivar in the
orchard. Ease of use of grafting tools and in-
creased efficiency are the benefits of omega
grafting. Additionally, the percentage of suc-
cessful grafts increases due to better fitting of
the rootstock and the scion. In this method,
as for the stenting method, stem cuttings of
1-1.2 cm in diameter and 15-20 cm in length
and scions of 1-1.2cm in diameter and
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Fig. 6.6. Stages of omega grafting in
pomegranate. Upper left to right, respectively:
rootstock and scion cuts; placement of scion on
the rootstock; wrapped grafted area using cotton.
Bottom left to right, respectively: cultivation of
grafted cuttings in the bed; the growth of scions;
plants grafted after 3 months. (Photos: Hamidreza
Karimi.)

5-7cm in length are removed from mother
plants. In the first stage, rootstocks and sci-
ons are cut with the omega grafting machine,
and then the scions are placed on rootstocks
and they are tied with special plastic tape
(Fig. 6.6).This machine can be used for in-
creasing the efficiency of the bench and stent-
ing methods (Nowrozy et al., 2014; Karimi
and Nowrozy, 2017).

6.5.6 Effective factors for graft success

Compatibility of rootstock and scion, grafting
methods, scion and rootstock type, the age of
scion and rootstock, environmental condi-
tions (temperature, humidity and oxygen),
worker skill and active compounds in root-
stock and scion are the most important factors
for success, survivability and graft growth in
pomegranate (Karimi, 2011). The favourable
temperature for cellular activity, in general,
varies from 12°C to 35°C. Therefore grafting
should be carried out when the temperatures
are favourable for cambial activity and there
is high humidity in the vicinity of the cambial
region of graft union. Pomegranate is one of
the plants in which the amount of cell divi-
sion in the cambium layer is dependent upon
the amount of oxygen, so the site of grafting
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should be treated with a lower amount of graft-
ing wax. Type of rootstock also affects the graft
success and the growth of the scion (Karimi,
2011; Karimi and Nowrozy, 2017). In a study,
the highest graft success percentage using the
stenting method was obtained with ‘Gorch-
e-Dadashi’ rootstock (Karimi and Nowrozy,
2017). Reports on the effect of available con-
stitutive biochemicals of rootstock and scion
on the graft success of pomegranates are limit-
ed. In a study, Karimi and Nowrozy (2017) in-
vestigated the effect of carbohydrates, phenolic
compounds and biochemical constituents in
the rootstock and scion on the graft success
and mortality percentage of pomegranate,
and reported that in some rootstocks a nega-
tive correlation was observed between phe-
nolic compounds of rootstock wood and graft
success percentage, whereas in all rootstocks,
mortality percentage of grafted plants was cor-
related positively with phenolic compounds of
rootstock wood. It has also been reported that,
owing to the role of carbohydrates in cell di-
vision, scions with higher carbohydrates have
higher graft success.

6.5.7 Interaction of rootstock and scion

Selection of an appropriate graft combination
is crucial for the production of quality fruit be-
cause the rootstock and scion combination in-
fluences photosynthetic parameters, mineral
uptake, plant size, water relations, fruit qual-
ity and yield efficiency (Goncalves et al., 2006).
There are very few reports available on root-
stock effects on growth, yield and physiological
parameters of pomegranate (Vazifeshenas et al.,
2009; Chandra and Jadhav, 2012; Karimi and
EiniTari, 2016; Ahire et al., 2016, 2017; Karimi
and Nowrozy, 2017). Table 6.3 shows the traits
that have been influenced by the rootstock type
in two cultivars of pomegranate namely ‘Rabab-
e-Neyriz' and ‘Khafr-e-Jahroom’ when they were
grafted on ‘Gorch-e-Dadashi’, ‘Gorch-e-Shahvar’
and ‘Post Ghermaz-e-Aliaghai’ rootstocks.

6.5.8 Effect of rootstock on shoot
growth and vigour

One of the most important factors affecting
scion growth and vigour is rootstock. In order to

confirm the dwarfing effects of rootstocks, it is
necessary to examine the effects of rootstock on
scion growth. In a study, Karimi and Nowrozy
(2017) studied the effect of three rootstocks,
‘Gorch-e-Dadashi’, ‘Gorch-e-Shahvar’ and ‘Post
Ghermaaz-e-Aliaghai’, on growth parameters
of ‘Rabab-e-Neyriz' and ‘Khafr-e-Jahroom’ in
field conditions and reported that the highest
shoot length and leaf number were obtained
when ‘Rabab-e-Neyriz’ was grafted on to ‘Gorch-
e-Shahvar’, whereas the lowest shoot length was
found when ‘Rabab-e-Neyriz’ was grafted on to
‘Post Ghermaz-e-Aliaghai’.

6.5.9 Effect of rootstock on echo
physiological parameters

Previous studies concluded that the genotype
of rootstocks affects physiological parameters
of scion in pomegranate. Cultivars grafted on
vigorous rootstocks exhibited higher stem water
potential, stomatal conductance, intercellular
CO, assimilation andFv/Fm than those grafted
on dwarfing rootstocks (Goncalves et al., 2006;
Fotouhi-Ghazvini et al., 2007). In pomegranate
the type of rootstock also influences soil-plant
analysis development (SPAD) index, leaf chlo-
rophyll content and relative water content of
leaves of grafted plants (Karimi and EiniTari,
2016; Biniyaz et al., 2017). In general, in pome-
granate, it can be postulated that rootstocks with
a robust and efficient root system for absorption
of minerals have a higher photosynthetic rate
(Biniyaz et al., 2017).

6.5.10 Effect of rootstock on nutrient
composition of leaf

Rootstock has a significant effect on the nutri-
ent concentrations of scion leaves. Rootstocks
have selective absorption properties of mineral
nutrients, which means that some rootstocks
have more absorption of mineral nutrients,
which makes it possible to provide the elements
needed for the scion. The rootstock effect on the
nutrition concentration of a leaf is related to
the characteristics of the root system, so that
rootstocks with a stronger root system are more
capable of absorbing mineral nutrients from
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the soil. There are several reports about the ef-
fects of rootstock on the nutrient concentrations
of leaves in fruit trees, but very few reports are
available in pomegranate due to its vegetative
propagation by cuttings. Biniyaz et al. (2017) re-
ported that vigorous rootstocks such as ‘Gorch-
e-Dadashi’ and ‘Gorch-e-Shahvar’ increased the
zinc, manganese and iron concentrations in the
shoots of ‘Rabab-e-Neyriz' cultivar under field
conditions.

6.5.11 Effects of rootstock on tolerance

of scion to salinity stress

Most pomegranate cultivation is in arid and
semi-arid regions of the world, where soil sa-
linity and water stress are the main limitations
for optimum yield. Pomegranate is considered
to be moderately tolerant to salinity (Naeini
et al., 2006; Hasanpour et al., 2014: Karimi and
Hasanpour, 2014). Pomegranate cutting cv.
‘Malas-e-Shirin’ was tolerant of up to 40 mM
of NaCl in potted cultures of 1:1 sand-perlite
medium irrigated with complete Hoagland’s
solution (Naeini et al., 2006). There is lit-
tle evidence for rootstock effect on increasing
tolerance to salinity in grafted pomegranate
plants. Hasanpour et al. (2015) and Karimi and
Hasanpour (2017) evaluated two grafted com-
binations of pomegranate ‘Gabri’/ ‘Tab-o-Larz’,
and ‘Gabri’/‘Malas-e-Yazdi’ to salinity stress cre-
ated through irrigation water. Based on echo-
physiological and nutrient concentrations of
leaves they reported that ‘Tab-o-Larz’ rootstock
either restricted the uptake/transport of Na from
root to shoot or maintained sufficient levels of K
to enhance salinity tolerance in ‘Gabri’ cultivar.

6.5.12 Effects of rootstock on sucker
production

Suckers continuously emerge from pomegran-
ate trunk and crown during the growing season,
which need to be removed regularly. Suckers can
be removed by hand or by chemical treatments
during the growing season. These practices of-
fer a temporary solution to the problem. To over-
come this problem, rootstocks with low sucker
production characteristic can be exploited. It has

been found that the type of rootstock can affect
sucker length, sucker diameter and sucker num-
ber in pomegranate (Vazifeshenas et al., 2009;
Biniyaz et al., 2017). Vazifeshenas et al. (2009)
reported that when ‘Shahvar’ was grafted on
to ‘Golnar-e-Fars’ it produced fewer suckers
compared with ‘Poost Siyah’, ‘Malas-e-Esfahan’
and ‘PostSefid-e-Jahrom’ rootstocks. In a similar
study, Biniyaz et al. (2017) showed that when
‘Ghermez-e-Aliaghai’ was used as rootstock for
'Rabab-e-Neyriz', it produced fewer suckers as
compared with non-grafted plants.

6.6 Micropropagation and Bio-
hardening

Availability of a large quantity of disease-free, gen-
uine planting material is a major constraint in ex-
panding the area under pomegranate cultivation.
Micropropagation can be explored as an alternative
tool to fulfil the demand for good-quality, disease-
free planting material in bulk. Both direct and
indirect organogenesis, including somatic embryo-
genesis, have been successfully attempted in pome-
granate for plant propagation and other purposes.
Micropropagation in pomegranate can be initiated
either through proliferation of existing meristems
or regeneration from adventitious meristems or by
somatic embryogenesis (Kajla et al., 2013). Since,
the primary objective of the chapter is to describe
pomegranate propagation methods, we concen-
trate mainly on in vitro propagation through direct
organogenesis. Micropropagation has five distinct
stages. Stage O: pretreatment of explants to disinfect
and surface sterilize them. Stage I: establishment of
infection-free cultures. Stage II: in vitro prolifera-
tion/direct or indirect organogenesis (Kumar et al.,
2017). Stage II: rooting of microshoots. Stage
IV: hardening/acclimatization of rooted plantlets
(Fig. 6.7).

6.6.1 Selection of parent material

The selection of the mother plant for excising ex-
plant is a critical step for the success of micropro-
pagation in pomegranate. Only healthy mother
plants with proven horticultural traits should be
selected for excising the explants (Debergh and
Maene, 1981; Kumar et al., 2017). However,
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Fig. 6.7. Stages of in vitro pomegranate propagation. Upper left to right: explant pretreatment; in vitro
culture establishment; in vitro proliferation; in vitro rooting. Bottom left to right: primary hardened in
vitro-raised plants; secondary bio-hardened in vitro-raised saplings. (Photos: Nripendra Singh.)

most of the time an apparently healthy look-
ing mother plant may harbour latent or symp-
tomless infections of fungal, bacterial and viral
pathogens. Thus, attention should be given to
making sure that the stock plant is healthy,
vigorously growing and preferably maintained
under protected structures with controlled con-
ditions (Torres, 1988; Guranna et al., 2018).

6.6.2 Selection of explants

The source and type of explant have been consid-
ered as important factors for in vitro propagation
of pomegranate. Many types of explants have
been reported in pomegranate tissue culture by
variousresearchers, but to minimize the chances
of somaclonal variations and other physiological
abnormalities, direct organogenesis is preferred;
thus, explants having preformed meristematic
buds like shoot tips and nodal segments or axil-
lary buds should be used for in vitro propagation
(Bhojwani and Razdan, 1983; Singh et al., 2007,
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2011; Kumar et al., 2017). Among various ex-
plants for in vitro establishment in pomegranate,
shoot tips and nodal segments have been exten-
sively used by many researchers in cultivars like
‘Bhagawa’, ‘Mridula’ and ‘Ganesh’ for direct
regeneration (Naik et al., 1999; Murkute et al.,
2004; Chaugule et al., 2007; Singh et al., 2007,
2011; Patil et al.,, 2011; Singh et al., 2016b).
However, protocols for in vitro regeneration of
Punica granatum L. plantlets using explants like
leaf segments and cotyledons (Murkute et al.,
2004; Raj and Kanwar, 2008; Kanwar et al.,
2010), anthers (Naik et al., 1999) or through
embryogenesis from various seedling explants,
petals and immature zygotic embryos (Kanwar
et al., 2010) have also been well documented.
Seed-based explants like cotyledonary nodes
were used by Naik et al. (1999) and Singh et al.
(2013) in pomegranate cv. ‘Bhagawa’ for in vitro
propagation. Shoot tips (2-3cm long), nodal
segments (3—4 cm), leaf segments (1-2 cm?) and
petal segments (2—3 cm?) were taken as explants
by Guranna et al. (2018) .
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6.6.3 Pretreatment of explants

Establishment of infection-free cultures has often
proved to be the deciding factor for cost-effective
micropropagation and treatment of explants
prior to ingression using standard decontamina-
tion protocols is mandatory to achieve this goal.
Contamination through explant in tissue culture
might originate either from the surface contami-
nation of explants or endophytically from the tis-
sue of explants (Singh et al., 2010). Washing the
plant material with clean water before initiating
the sterilization process drastically reduces the
initial pathogen load. The excised explants are first
washed with running tapwater for 5min followed
by treatment with an aqueous solution of fungi-
cides and bactericides/antibiotics for 20-30min,
and repeatedly rinsed four or five times with au-
toclaved water followed by surface sterilization
with NaOCl or mercuric chloride. Though HgCl,
and NaOCl are the two most widely employed
surface sterilants, other chemicals have also been
tried with varying success. Damiano et al. (2008)
successfully sterilized axillary bud segments using
a combination of NaOCl and Na methiolate for
20min, which gave good explant survival (65%).
Patil et al. (2011) soaked nodal segments in fun-
gicide (M-45) solution (1 g/1) for 45 min, followed
by streptomycin solution (100 mg/l) treatment for
20min. Finally 1 g/l mercuric chloride solution
for 10min was used to treat these explants fol-
lowed by rinsing three times with sterile distilled
water for complete sterilization of nodal explants.
Singh and Patel (2016) treated nodal explants by
keeping them in a solution of 0.2% carbendazim
(50% WP) + 0.05% streptomycin for 1 h followed

by 10min treatment with 10% Teepol solution
and repeated rinsing to remove traces of Teepol.
This was followed by surface sterilization in a lami-
nar hood with 0.1% HgCl, solution.

6.6.4 Phenol exudation and its
management

Phenol exudation and resultant browning of me-
dia is a serious impediment in the successful estab-
lishment of pomegranate cultures. The oxidized
products of phenols, that is quinones, are known
to be highly reactive and inhibit enzyme activity
leading to the necrosis/death of explants (Fig. 6.8)
(Huand Wang, 1993). Strategies have been adopt-
ed to tackle phenolic browning aiming at avoiding
exudation or neutralizing or avoiding its build-up
in the media. The different approaches are culture
of juvenile explants, or new growth flushes dur-
ing the active growth period, culture in darkness,
transfer of explant to fresh medium at short inter-
vals, culture in liquid medium, inclusion of anti-
oxidants in the culture media, soaking explants in
water or solutions containing antioxidants prior
to ingression, or use of adsorbing agents such as
activated charcoal (AC), polyvinyl pyrrolidone
(PVP), etc. (Weatherhead et al., 1978; Wang et al.,
1994). In addition use of low salt medium and
optimum concentration of growth regulators,
sealing the cut ends with paraffin wax (Bhat and
Chandel, 1991; Singh et al., 2007, 2011), keeping
the culture medium in the dark and drying the ex-
plant under laminar airflow (Krishna et al., 2006)
have all been tried. Wang et al. (1994) suggested

Fig. 6.8. Phenol exudation and media browning. Left to right: browning of media due to phenol
exudation; necrosis of nodal explant, necrosis of shoot tip. (Photos: Nripendra Singh.)
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the use of nodal segments collected during active
growth and keeping the culture in the dark at 5°C
for 6-8 days to reduce phenol exudation. Singh
and Khawale (2003) reported that explants ex-
cised from glasshouse-grown plants exude fewer
phenols, and liquid medium with filter paper
wicks was also helpful in establishing cultures.
In pomegranate, fast subculture of explants on
to fresh medium, use of antioxidants, culture of
juvenile plant parts etc. are employed to manage
the phenolic problem in tissue culture. Murkute
et al. (2004) and Chaugule et al. (2007) sug-
gested fast subculturing to control media brown-
ing. Singh et al. (2011) showed that sealing of
the cut ends of explants with presterilized paraf-
fin minimized the media browning by preventing
phenol exudation and leading to high culture es-
tablishment (83.95%) compared with the control
(16.55%). Jones and Saxena (201 3) incorporated
2-aminoindane-2- phosphonic acid (AIP), a com-
petitive inhibitor of phenylalanine amonialyase
(PAL) enzyme responsible for oxidative brown-
ing of culture, into the medium to reduce media
and tissue browning and enhance shoot growth.
Singh and Patel (2016) reported that the intensity
of media browning was influenced by the position
and length of nodal explants.

6.6.5 Media composition for culture
establishment and shoot proliferation

The media for culture establishment and shoot
proliferation should be composed of basal nu-
trients, growth regulators and other media sup-
plements. Most of the reports on pomegranate
micropropagation have recommended the use
of Murashige and Skoog (MS), modified MS,
Woody Plant Medium (WPM), Quoirin and
Lepoivre (QL) or Nitsch and Nitsch (NN) basal
media for culture establishment and shoot pro-
liferation (Kumar et al., 2017). The ratio of cyto-
kinin to auxin determines rooting and shooting
in pomegranate micropropagation. Among
cytokinins, 6-benzylaminopurine (6-BAP), ki-
netin, zeatin riboside (ZR), thidiazuron (TDZ)
and cytokinin supplements like adenine sulfate,
2iP, are mostly used at different concentrations
for culture establishment and shoot prolifera-
tion, and among auxins most of the research-
ers used 1-naphthaleneacetic acid (Singh et al.,
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2010; Naik and Chand, 2011; Teixeira da Silva
etal., 2013; Kumar et al., 2017). However, there
are some reports of the use of GA, for pome-
granate culture establishment. Use of media
supplements like coconut milk, silver nitrate,
cycloheximide, etc. is also documented for cul-
ture establishment and in vitro proliferation of
pomegranate. Yang et al. (1991) suggested sup-
plementing the medium with 1.0puM NAA and
2.0puM BA for maximum shoot production on
terminal shoot explants in a dwarf pomegranate
genotype. Drazeta (1997) compared the micro-
propagation in different pomegranate cultivars
‘Slatki Barski’, ‘Serbetas’, ‘Konjski Zubi’ and
‘Dividis’ and obtained the best production of
shoots on medium containing 1mg/l BAP and
0.1 mg/I NAA, but shoots exhibited vitrification,
hence subsequent cultures were suggested to be
transferred on to a medium containing BAP at
0.5mg/l and 0.1 mg/1 NAA. Fougat et al. (1997)
also obtained success on MS medium supple-
mented with 0.5mg/] kinetin, 1.0mg/1 BA and
500mg/l CH (cycloheximide). A comparative
study on shoot proliferation was attempted by
Naik et al. (1999) on an elite pomegranate culti-
var ‘Ganesh’ using nodal stem segments excised
from a mature tree. They tried three cytokinins,
namely BA, zeatin riboside (ZR) and thidiazu-
ron (TDZ), and found that the highest number
of shoots developed on medium containing
2.0mg/l ZR, while TDZ was the least effective.
Later, Naik et al. (2000) obtained high-frequency
axillary shoot proliferation and plant regenera-
tion from established cotyledonary nodes. Shoot
development was induced on nodes upon cul-
ture on MS medium supplemented with 2.3 to
23.0uM BA or kinetin. Both the type and con-
centration of cytokinin significantly influenced
the shoot proliferation. The maximum number
of shoots (9.8 shoots/explant) was obtained on
medium containing 9.0 uM BA.

Shoot culture was established by repeatedly
subculturing the original cotyledonary nodes
on a fresh batch of the same medium after each
harvest of the newly formed shoots. Murkute
et al. (2004) obtained the highest shoot prolif-
eration of pomegranate cv. ‘Ganesh’ on MS ba-
sal medium supplemented with 1.0mg/l BAP
+ 0.5mg/l NAA. Singh and Khawale (2003)
found half-strength MS medium supplemented
with 1.0mg/I IBA + 1.0mg/I kinetin along with
200mg/l AC to be the best medium for in vitro
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establishment of nodal segments of pomegran-
ate cv. ‘Jyoti’. Axillary buds were aseptically
removed from the established cultures and trans-
ferred on to proliferation medium consisting of
MS basal medium supplemented with various
concentrations of BA, kinetin and 40 mg/] ad-
enine sulfate. For shoot elongation and rooting,
MS medium containing 2.0 mg/l IBA, 200mg/1
AC and 40mg/] sucrose was best. Singh et al.
(2007) carried out in vitro clonal propagation of
pomegranate cv. ‘G137’ using nodal segments
and shoot tips of mature trees. They reported
maximum culture establishment on MS medi-
um supplemented with 2.0mg/I BAP + 0.1 mg/1
NAA and 0.5 mg/l GA . The same basal medium
supplemented with 1.0mg/l BAP, 1.0mg/] ki-
netin and 0.1 mg/l NAA produced the highest
number of shoots per explant alongwith the
longest shoots. Chaugule et al. (2007) used
shoot tips and nodal segment for in vitro propa-
gation of pomegranate cv. ‘Mridula’ and report-
ed the highest percentage of shoot proliferation
on MS medium supplemented with 0.4mg/l
NAA + 1.0mg/l BAP. Damiano et al. (2008)
showed good shoot multiplication on basal QL
medium supplemented with BA (0.4 mg/l) and
IBA (0.05mg/l). Kanwar et al. (2010) reported
when cotyledonary explants, excised from in
vitro-germinated seedlings of pomegranate were
inoculated on solid MS medium supplemented
with 21pM NAA and 9uM 6-benzyladenine
(BA), 80% of explants developed callus. A high
frequency of shoot organogenesis was obtained
when explants were incubated on MS medium
supplemented with 8uM BA, 6uM NAA and
6uM GA,. However, adding 24 uM silver nitrate
(AgNO,) to this medium markedly enhanced
the shoot regeneration frequency (63%) and
mean number of shoots per explant (11.26) and
length of shoots (2.22 cm). The nodal explants
grown on MS medium containing 1.8 mg/l
BAP, 0.9mg/l NAA, 1mg/] silver nitrate and
30mg/l adenine sulfate had the highest prolif-
eration rate (10-15 shoots/explants) in the es-
tablishment stage (Patil et al., 2011). Singh et al.
(2013) found that the cotyledonary explant
on MS basal medium fortified with 1 mg/l BAP,
1mg/l kinetin and 200 mg/1 activated charcoal
gave the maximum multiplication rate (86.33
%). Valizadehkaji et al. (2013) recommended
the use of 4.7-9.2 uM kinetin and 0.54 uM NAA
on WPM medium for proliferation of shoot tips

and nodal segments of Iranian pomegranate
cultivars.

6.6.6 In vitro rooting

Various types of auxins, basal media and media
supplements like activated charcoal have been
reported by many researchers to promote in vitro
rooting of pomegranate microshoots. In most
cases, NAA and IBA at concentrations ranging
from 0.5 mg/l to 2.0 mg/l were used to induce
rooting in P granatum L. (Omura et al., 1987;
Mabhishni et al., 1991; Yang and Ludders, 1993;
Fougat et al., 1997; Drazeta, 1997; Naik et al.,
2000; Amin et al., 2003). Among basal media,
half-strength MS medium, MS medium with half-
strength macro salts and WPM are generally used
for rooting of microshoots in pomegranate (Singh
et al., 2010; Naik and Chand, 2011; Kumar et al.,
2017). Naik et al. (1999) reported good induc-
tion of roots in in vitro-derived shoots (80%) with
half-strength MS medium containing 1.0mg/1
IBA. From each shoot, three or four roots devel-
oped to form a complete plantlet. Again, Naik et al.
(2000) observed root initiation within 10-15
days in half-strength MS medium supplemented
with 0.54 to 5.4 uM NAA and the highest num-
ber of roots (10.33 roots/shoot) was formed in
medium containing 0.54 uM NAA. Kantharajah
et al. (1998) showed that lower salt level in culture
medium had a beneficial effect on in vitro rooting.
They obtained both highest rooting and a higher
number of roots per microshoot on WPM sup-
plemented with 2mg/l NAA. Singh and Khawale
(2003) suggested the role of AC during rooting
with a higher level of sucrose, that is MS medium
containing 2.0mg/l IBA, 200mg/1 AC and 40g/1
sucrose, which also resulted in improved root
quality. Murkute et al. (2004) reported efficient
rooting on half-strength MS basal medium sup-
plemented with either NAA or TAA at 0.5mg/l.
In contrast, Chaugule et al. (2007) suggested
supplementation of auxin at 0.5mg/I to be opti-
mum irrespective of their type. Singh et al. (2007)
could induce good rooting (70.37%) with dual
auxins, that is IBA and NAA both supplemented
to the rooting medium. However, Damiano et al.
(2008) suggested that the effective auxin level
ranged from 0.75-2.0mg/l either synthetic or
natural (IBA or TAA) for ‘Mridula’. Kanwar et al.
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(2010) reported that the highest frequency of
in vitro rooting, mean number of roots/shoot
(4.32) and mean root length (2.71 cm) were ob-
tained when proliferated shoots were transferred
to half-strength MS medium supplemented with
0.02% AC. The plantlets grown on MS medium
were found to have better survival compared
with WPM medium. Concentrations of 0.5mg/l
NAA and 0.5mg/l IBA showed an equal rooting
response in both media, whereas thick root forma-
tion was observed in the medium containing IBA
(Patil et al., 2011). Naik and Chand (2011) report-
ed varying success in half-strength WPM and MS
medium for in vitro rooting of pomegranate. Singh
et al. (2013) reported the maximum number of
roots per shoot (4.17) and root length (3.87 cm)
when shoots were rooted on MS basal medium
supplemented with 0.5mg/l NAA, and 200mg/1
AC. Valizadehkaji et al. (2013) used 0.54 uM NAA
and 4.9 uM IBA on half-strength WPM for in vitro
rooting of pomegranate microshoots.

6.6.7 Acclimatization of plantlets

Commercialization of in vitro propagation has
been limited due to high field mortality and slow
growth rate of tender plantlets during the accli-
matization phase. Increasing sucrose level, use
of growth retardants, use of antitranspirants,
photoautotrophic micropropagation, use of dif-
ferent colours of shading, hardening under pro-
tected structures with very high humidity, and
simultaneous rooting and acclimatization are
some of the strategies adopted by various work-
ers to enhance ex vitro survival and improve
acclimatization of in vitro-raised plants (Maene
and Debergh, 1985; Driver and Suttle, 1987;
Graebe, 1987; Wainwright and Scrace, 1989).
Different types of potting media like vermicom-
post, sand, cocopeat, perlite and vermiculite
have been utilized for the hardening period of
in vitro-raised pomegranate saplings. However,
a mix of cocopeat, perlite and vermiculite in
different combinations is mostly used as the
primary hardening medium to achieve good ex
vitro survival (Mahishni et al., 1991; Yang et al.,
1991; Naik et al., 1999, 2000; Murkute et al.,
2004; Singh et al., 2007, 2013). Various types
of hardening containers/vessels with different
types of capping strategies have been used in
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pomegranate hardening. Singh and Khawale
(2003) used a glass jar with a polypropylene
(PP) cap filled with moistened peat Soilrite®
(1:1) medium for hardening and found 86.5%
plantlet survival. In vitro-rooted plantlets are
transferred to a sterilized potting mixture com-
prising cocopeat +perlite + vermiculite (1:1:1)
in glass jars either with a PP cap or plastic pots
with a polythene cover and survival as high as
89% was achieved in pomegranate cv. G-137
(Singh et al., 2007). Before transfer to the me-
dium, the basal portion of the plants are washed
thoroughly with 0.1% Bavistin® (Carbendazim
50% WP) to remove adhered medium (Singh
et al., 2007). Valizadehkaji et al. (2013) used
pots containing a sterilized cocopeat—perlite
mixture covered with polythene bags for hard-
ening of in vitro-rooted pomegranate plantlets.
Plantlets were kept at 25 + 1°C in artificial light
(50 pmol m?/s) for 3—4 weeks for proper hard-
ening. Commercially, primary hardening of in
vitro-raised rooted pomegranate plantlets in
India is carried out in nursery trays or net pots
and hardened under low tunnel polyhouses with
very high relative humidity.

6.6.8 Plantlet bio-hardening

The micropropagated plants are exposed to vari-
ous stresses upon transfer from in vitro to ex vitro
greenhouse conditions because of the sudden
environmental changes and certain incomplete
physiological developments resulting in sudden
wilting and high field mortality of the saplings
(Singh et al., 2012a, Singh et al., 2016b). These in
vitro-raised plantlets have poorly formed and weak
root systems (Hazarika, 2003), poorly developed
cuticle and/or non-functional stomata, being
unfavourable for nutritional and environmental
conditions (Louro et al., 1999; Hazarika, 2003).
Bio-hardening or biopriming is one of the ways to
improve field performance of these saplings and
can be defined as utilization of plant-beneficial
microbes and their formulations and inoculating
them into the rhizosphere and/or phyllosphere
of in vitro-raised plants or saplings during in vitro
or ex vitro or nursery stage to improve field sur-
vival and performance of saplings (Kajla et al.,
2013; Singh et al., 2016b). The root endophyte
Piriformospora indica promotes explant hardening
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Fig. 6.9. Arbuscular mycorrhizal fungi in root cortical cells of pomegranate. Left to right: vesicles;
vesicles and hyphae; arbuscules and hyphae. (Photos: Nripendra Singh.)

(Sahay and Varma, 1999); Pseudomonas spp.
can reduce hyperhydricity (Bela et al., 1998)
and Bacillus pumilus, Alcaligenes faecalis and
Pseudomonas spp. improve shoot multiplication
(Monier et al., 1998). Mycorrhization in micro-
propagation has been reported to have signifi-
cant impact on post-transplant performance of in
vitro-grown plants (Lovato et al., 1996) (Fig. 6.9).
The ex vitro performance of tissue culture-raised
plantlets can effectively be improved by utiliz-
ing plant-beneficial microbes or bioagents like
AMF and other beneficial fungi in the harden-
ing process (Mondal et al., 2000; Rupnawar and
Navale, 2000; Aseri et al., 2008; Singh et al.,
2012a, Singh et al., 2012b, Singh et al., 2016Db).
Though both, in vitro and ex vitro bioprimings
have been reported, generally primary hardened
in vitro-raised plants are used for biopriming and
plant-beneficial microbes are placed near the root
zone of plants planted in sterile potting mixture.
Plant-beneficial microbes like Glomus aggregatum,
Glomus intraradices, Glomus mossae, Glomus mani-
hotis, Trichoderma harazianum, Aspergillus niger
strain AN-27, Pseudomonas fluorescence, actinomy-
cetes, etc. can be used in pomegranate to improve
ex vitro establishment, before transferring them
to sterilized soil mixture (soil:sand:organic ma-
nure, 1:1:1) in the glasshouse (Fig. 6.8) (Mathur
etal., 2008; Singh et al., 2012a; Kajla et al., 2013;
Singh et al., 2016b). These biohardening agents
establish themselves in the roots and rhizosphere
of in vitro-raised plants and are extremely efficient
in mobilizing nutrients in deficient soils and in-
creasing soil exploration capacity through their
mycelia for better uptake of various nutrients.
Inoculated and bio-primed/bio-hardened plant-
lets exhibit higher survival, more root and shoot
biomass production, enhanced photosynthesis

and better nutrient uptake (Puthur et al., 1998;
Rupnawar and Navale, 2000; Singh et al., 2012a,
b). The higher survival rates and biomass produc-
tion of in vitro-raised mycorrhized plantlets might
be due to an increased rhizosphere-exploring area
through the differentiation of extra radical myc-
orrhiza mycelia, which initially improves water
uptake and consequently uptake of some nutri-
ents and optimizes photosynthesis (Mathur and
Vyas, 1999; Krishna et al., 2006). Rhizosphere
interactions between soil microorganisms such as
nitrogen-fixing bacteria, plant growth-promoting
rhizobacteria and AMF help in maintaining plant
nutrient balances. AMF colonization increases
phenol content and also plays a role in enhancing
induced systemic resistance (ISR) and systemic
acquired resistance (SAR), thus protecting plants
against pathogens (Paula et al., 1993; Singh,
2017). It interacts with heavy metals/micronu-
trients and can restore the equilibrium of nutrient
uptake that is unbalanced by heavy metals. It can
alleviate Al toxicity, and contribute to soil aggre-
gation and structure stability.

6.7 Somatic Embryogenesis,
Embryo Culture and Shoot Bud
Organogenesis

Induction of somatic embryos in vitro depends
upon the morphogenic potential of different
vegetative tissues. Jaidka and Mehra (1986) re-
ported indirect shoot organogenesis and somat-
ic embryogenesis in pomegranate. They found
that for callus induction from seedling explants
of pomegranate cv. ‘Kandhari’, MS medium
supplemented with 4.0mg/l NAA+2.0mg/]
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kinetin and 15% coconut water was most ef-
fective. Embryo-like structures were observed
with 2.0mg/l NAA+2.0mg/l BAP. One year
later, Omura et al. (1987) reported adventitious
shoot bud formation on leaf segments of dwarf
pomegranate var. ‘Nana’'. They were also suc-
cessful in obtaining plantlet regeneration from
suspension culture derived from leaf callus on
MS medium supplemented with 2.0uM BAP
and 1.0uM NAA (Omura et al., 1990). Bhansali
(1990) found vigorous proliferation of cotyle-
donary tissue-based embryogenic cell clusters
with regular subculturing on RBM-II (half-
strength MS medium containing 1 uM kinetin,
2 uM BAP and 5 pM 2,4-dichlorophenoxyacetic
acid). Developmental stages of somatic em-
bryos were expressed on subculturing with a
low level of 2,4-D (2.5uM). Embryo matura-
tion was obtained on RBM-III (half-strength
MS medium containing 2 pM kinetin, 2 pM
BAP and 2.5 puM 2,4-dichlorophenoxyacetic
acid) and IV media (half-strength MS medium
containing 2 uM kinetin, 2 pM BAP and 0.5
uM 2 ,4-dichlorophenoxyacetic acid). Calli from
leaf segments and stem explants of P. granatum
L. var. ‘Nana’ were initially cultured on modi-
fied MS basal medium supplemented with BA,
zeatin, kinetin or 2-iso pentanyladenine (2iP)
at 0.1-1.5mg/l and TAA, IBA or NAA at 0.1-
1.0mg/1 for organogenesis (Yang and Ludders,
1993). Adventitious shoot elongation was
stimulated on MS basal medium supplemented
with 0.5mg/l BA and 0.1 mg/] IBA. Elongated
shoots rooted easily on half-strength MS me-
dium. Nataraja and Neelambika (1996) were
successful in getting somatic embryos from
cultured pomegranate petals on MS medium
supplemented with 5.0 mg/l BAP and 5.0 mg/]
TAA. Fougat et al. (1997) compared different
types of explants for in vitro regeneration in cv.
‘Ganesh’ on MS medium supplemented with
various growth regulator combinations and
found callus growth and induction from cotyle-
don and leaf explants were best on MS medium
supplemented with 4.0mg/l NAA, 2.0mg/l
kinetin and 15% coconut water. Enhanced ax-
illary branching from nodal segments and pro-
liferation of shoot tip meristems was achieved
on MS medium supplemented with 0.5mg/l
kinetin, 1.0mg/l BA and 500mg/l casein
hydrolysate. Rooting was best in shoots de-
rived from all explant sources, on MS medium
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supplemented with 4.0mg/l NAA, 2.0mg/l
kinetin and 15% coconut water. Kantharajah
et al. (1998) studied the combination effect of
media, plant growth regulators and explant
source on in vitro culture of pomegranate cv.
‘Wonderful’. Callus cultures were initiated from
leaf and nodal explants obtained from asep-
tically cultured shoots. Callus initiation and
growth were best on MS basal medium contain-
ing either 1 mg/l BAP (leaf explant) or 1 mg/l
BAP + 0.4mg/l NAA (nodal explant). The mini-
mum duration for callus induction from leaf
segments was 8.8 days, whereas cotyledons
recorded 10.0 days. Callus weight and prolif-
eration was highest on MS medium containing
0.4mg/l NAA+1.0mg/l BAP. The cotyledon
was found to be most responsive (78.94%) for
callus induction on MS medium fortified with
0.4mg/I NAA + 1.0mg/1 BAP. However, the cal-
li derived from the leaf segments showed greater
dry weight than those derived from the cotyle-
don. On nodal cuttings, the best adventitious
bud formation was observed on half-strength
MS medium supplemented with 0.5mg/l BAP
+ 0.1 mg/l NAA. This medium also promoted
good proliferation along with the formation of
the longest shoots. The highest rooting and av-
erage number of roots/explant were induced on
WP medium supplemented with 2 mg/l NAA.
There was poor somatic embryo induction
confirming the recalcitrant nature of pomegran-
ate. Kanwar et al. (2010) excised zygotic embryos
from seeds collected at 16 weeks after full bloom,
and when these embryos inoculated on MS me-
dium containing 21uM NAA, 9uM BA, 30 g/l
sucrose and 15% coconut water produced the
highest frequency of embryogenic callus, clumps
with globular embryos, and mean number of
both globular and heart-shaped embryos per cal-
lus clump. Subjecting zygotic embryo explants to
a 6-week dark incubation period was essential
for embryogenic callus induction, and these were
subsequently transferred to a 16 h photoperiod for
further growth and development of somatic em-
bryos. Germination of somatic embryos was best
on MS medium supplemented with 60 g/1 sucrose.
Guranna et al. (2018) obtained rapid regenera-
tion of plants through indirect organogenesis in
pomegranate cv. ‘Bhagawa’. They reported nodal
segments as the best explant for induction of cal-
lus on MS medium supplemented with 5 mg/IBAP
and 0.4mg/l NAA and shoot induction from calli
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was best on MS basal medium with 2 mg/l BAP +
0.1mg/INAA +0.5mg/IGA,.

6.8 Synthetic Seeds

Synthetic seeds are similar to seeds in function.
The synthetic seed technology encapsulates so-
matic embryos and/or axillary shoot buds, api-
cal shoot tips, embryogenic calli, protocorm or
protocorm-like bodies or other micropropagules
in a nutrient-rich hydrogel (Singh et al., 2010;
Sharma et al., 2013; Teixeira da Silva et al.,
2013). These synthetic seeds are used as seed
analogues for mechanical planting at a commer-
cial level or air sowing. In pomegranate, Naik

and Chand (2006) have successfully encapsu-
lated nodal segments from in vitro-proliferated
shoot cultures or axenic cotyledonary nodes in
calcium alginate hydrogel containing MS medi-
um supplemented with 4.44 uM BAP and 0.54
UM NAA. For this, sodium alginate (1-6%) and
the consolidation solution of calcium chloride
(50-125mM) is usually used, and a combina-
tion of 3% sodium alginate and 100 mM calci-
um chloride was most suitable for formation of
ideal synthetic seed. The morphogenic response
of encapsulated nodal segments was the highest
in MS medium augmented with 4.44 pM BAP
and 0.54 pM NAA. Encapsulated nodal seg-
ments stored up to 30 days at 4°C were capable
of sprouting.
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7.1 Introduction

The pomegranate (Punica granatum L.) is grown
over a very wide geographical area, from desert
areas to very humid regions, from sea level to
high plateaus in the subtropics and tropical cli-
mate zone between 41 northern and 41 south-
ern latitudes (Hodgson, 1917; Levin, 2006b). It
isnative to Iran and grown extensively in arid and
semi-arid regions worldwide (Sarkhosh et al.,
2006). Wild forms of pomegranate are found in
the Near-East Transcaucasia, Dagestan, central
Asia (Kopet-Dag, Pamiro-Alaj), and also in Asia
Minor, Iran, Afghanistan and India (Ozguven
et al., 2012). Punica protopunica Balf. is the only
other species of Punica, an endemic wild species
in Socotra (Yemen), which has an arid tropical
climate (Brown and Mies, 2012). Pomegranate
is generally known as a subtropical climate fruit.
It is a partially or completely deciduous species
in subtropical areas and in tropical regions,
it is evergreen. It can be also locally grown in
special microclimate regions in temperate cli-
mate zones and it grows well in arid and semi-
arid climates. Favourable growth takes place
where winters are cool and summers are hot.
It can withstand frosty conditions, but below

*Corresponding author: cenapyilmaz@yahoo.com

—12°C the hardiness is poor (Levin, 2006a). A
day temperature of up to 38°C and dry climate
during fruit development produce the best qual-
ity fruits (Ikinci et al., 2014). Areas with high
relative humidity or rain are unsuitable for its
cultivation as fruits produced under such con-
ditions tend to taste less sweet (Kumar, 1990;
Ozguven et al., 2012). Pomegranate, whose
production is growing rapidly throughout the
world in recent years, is now mainly produced in
India, Iran, China, Turkey, the USA, Azerbaijan,
Israel, Afghanistan, Pakistan, Tunisia, Egypt,
Spain and Syria, and it is also grown in some
other countries (South Africa, Cyprus, Italy,
France, Lebanon, Saudi Arabia, Yemen, Oman,
Armenia, Georgia, Kazakhstan, Turkmenistan,
Tajikistan, Kirghistan, Bangladesh, Myanmar,
Vietnam, Thailand, Chile, Mexico, Argentina,
Brazil and Australia) at minor production levels
(Holland et al., 2009).

7.2 Temperature Requirements

Pomegranate is a subtropical climate fruit spe-
cies that can be grown in the tropics, some
temperate zones and microclimate areas. The
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tree is mainly deciduous in the subtropical cli-
mate zone but some cultivars grow evergreen in
the tropics, especially in the Deccan Plateau in
India. The pomegranate has the ability to adapt
to a wide range of temperature regimes and the
most suitable climate for pomegranate is the
Mediterranean regions of Asia, Africa, America
and Europe (Kumar, 1990; Holland et al., 2009).
In Table 7.1 the temperature and precipitation
levels of some of the main pomegranate pro-
duction areas in the world are presented. The
highest yield and fruit quality are obtained in
the climate type typified by hot, dry summers
and mild, rainy winters with minimum tem-
peratures not lower than —12°C (Levin, 2006b).
Pomegranate is not a frost-resistant species even
it is grown in some microclimate regions within
the temperate zone. Pomegranate cultivation
is restricted mainly by winter freezing but also
by spring late frosts and autumn early freeze.
Melgarejo et al. (1997) reported that pomegran-
ate trees can be grown in areas where the winter
temperatures drop to —15°C and certain acidic
and central Asian cultivars even survive temper-
atures of —25°C or —30°C (Aleksandrov, 1950).
However, central Asian pomegranate cultiva-
tions overcome the lower temperatures (—25°C,
—30°C) by covering (with soil or other material)
the trees in winter (Levin, 2006b; Yuan and
Zhao, 2019).

In cold areas, pomegranate may be dam-
aged by late spring frosts. The most critical of
spring frosts for pomegranates is when buds are
awakened and new leaflets are formed, the plant
can be damaged by —1.5 to —2°C. The damage
of late spring frosts is dependent on how late it
occurs and the severity of frost level. In subtropi-
cal conditions and temperate microclimate are-
as, usually fresh shoots are damaged primarily.
Pomegranate flowers are not damaged because
of late flowering (Levin, 2006a).

In autumn, pomegranate trees can be dam-
aged as a result of autumn early frosts before the
fall of leaves. In this condition, temperatures of
—2 to—3°C are harmful (Levin, 2006a). This can
result in completely dried out leaves and death
of branches. If fruits are not harvested, fruits are
also damaged by cracking. The damage of early
frost in autumn depends on how early it occurs
and the severity of the frost. Autumn cold, espe-
cially if it is in the early morning and with rain-
fall, is considered to be the most hazardous cold
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for pomegranate fruit. In this case, most pome-
granate fruits are heavily damaged by cracking,
and if the intensity of the cold leads to freezing
of the fruit, the internal texture of the flesh be-
comes frozen, and the fruit becomes unusable.

7.2.1 Winter cold hardiness

Ghasemi Soloklui et al. (2012), in their research,
showed that acclimation and deacclimation did
not occur simultaneously in different pome-
granate cultivars and this phenomenon had
a crucial role in cold tolerance of cultivars, es-
pecially in autumn and late winter. ‘Post Sefid
Bafgh’ cultivar showed high cold tolerance early
in autumn, but it was susceptible to cold during
winter. ‘Naderi’, “Yusef Khani’, ‘Malas Saveh’
and ‘Robab Neyriz' had the highest mid-winter
cold hardiness; ‘Mahabadi’ showed intermedi-
ate hardiness, whereas ‘Post Sefid Bafgh’ and
‘Shishe Kap’ were found to be cold-susceptible
in this period. The minimum temperature that
pomegranate can tolerate depends mainly on
the degree of dormancy winter hardiness. Levin
(1995) differentiated between winters with re-
spect to the pomegranate cold-hardiness after
a long time working in the biggest pomegran-
ate gene bank at Garrygala, Turkmenistan as
follows:

1. Mild winters: air temperature lowers gradu-
ally, frosts are no lower than —10 to —11°C,
and the pomegranate does not suffer from
the frosts.

2. Mildly cold winters: frosts of =12 to —15°C,
insignificant (considerable in some culti-
vars) damage.

3. Cold winters: air temperatures reach —15 to
—17°C, some cultivars are destroyed on the
ground surface, and others are considerably
damaged.

4. Severe winters: frosts reach down to —17°C
and lower, and practically all cultivars have
the aboveground part destroyed.

Sepahvand et al. (2011) reported that the
Karaj region of Iran is located in a temperate
area, where, usually, winter temperatures fall
to sub-zero temperatures. Winter freezing killed
all of the pomegranate trees (10 cultivars) three
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times during a 15-year period up to the soil level,
but in some years with moderate winters, some
of these cultivars have shown better tolerance.
They reported that after a —9.8°C minimum
temperature in winter, moderate freezing in-
juries were found in most of the cultivars and
the lowest level of injury was in ‘Shirine Saveh’
while the highest was in ‘Poost Siahe Shirin’. But
in the winter of the next year, all of the 10 culti-
vars were seriously damaged and dried up to soil
level after a —16.4°C minimum temperature.
Singh et al. (2011b) found that in an arid tropi-
cal environment the upper growing portions
of pomegranate trees were damaged by low
temperature/freezing during the winter season
when the temperature only fell below 0°C. Fruits
on the trees became hard, and arils went black.
However, the plants recovered after employing
standard cultural practices and irrigation.

7.2.2 Chilling requirement

Pomegranate orchard establishment is expen-
sive, time-consuming and requires much care.
This requires special attention of scientists and
growers directed towards understanding cli-
matic elements in a given location in order to
establish a successful orchard. It appears that
cultivar placement in a locality must be based
on the chilling and heat requirement of the cul-
tivars. Accordingly, cultivars should be selected
carefully for the particular climatic condition
in order to to meet their chilling demands. The
chilling requirement of pomegranate is very low,
and most pomegranate trees do not need winter
chilling, since pomegranates are also grown in
semitropical areas that do not have cold winter
temperatures. It has been suggested that some
pomegranate cultivars require 100 to 150h to
fulfil their chilling requirement (Ashton, 2006).
Westwood (1999) suggested 100-300 h of chill-
ing were required for pomegranate. It has been
reported that the chilling requirement of some
pomegranate cultivars in Iran ranges from
233-633 h until buds break. The higher chill-
ing requirement (450-633 h) of some cultivars
in this experiment highlighted the risk of grow-
ing some of the Iranian pomegranate cultivars
(‘Poost Nazok Torosh Abarkuh’,'Malas Yazdi’,
‘Rabab Poost Ghermez Neyriz' and ‘Makhmal
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Malas Shahreza’) in warmer climates (Day and
Wilkins, 2011; Soloklui et al., 2017). Chilling
requirement showed a moderate correlation
with stomatal density, seed hardness and re-
gional wind speed (Soloklui et al., 2017). Biao
(2007) assessed the chilling requirement and
growth and development of a pomegranate
cultivar, ‘Mudanhua’, in a solar greenhouse.
‘Mudanhua’ only needed to pass through 17
days in a 0-7.2°C low-temperature treatment
to break dormancy, and it grows and develops
normally in greenhouse conditions after 408 h
of low temperature. Cui et al. (2009) reported a
431-h chilling requirement at 0-7.2°C for two
varieties of pomegranate in China. Deng et al.
(2019) reported that variation of the chilling
period in Florida results in the yield alteration of
some pomegranate varieties. Inadequately low
temperatures to meet the chilling requirements
for pomegranate in tropical climates forced the
growers to forcibly defoliate trees after harvest
or apply synthetic abiotic stresses to artificially
induce dormancy (Edwards, 1987; Griesbach,
2007). If this is practised, trees appear to be able
to resume their annual cycle without requir-
ing chill. Luedeling et al. (2009) reported that
pomegranate cultivation was carried out at high
oases in spite of the risk of insufficient chilling
in Oman.

7.2.3 Flowering in tropical climates

Several pomegranate cultivars have adapted to
both tropical and subtropical climates. They are
evergreen, semi-deciduous or deciduous. The
flowering habit, fruiting and flower physiology
alter depending on the habitat. In the tropical
climate of south India with its mild winters,
growth and flowering are continuous processes,
while in the subtropical climate of north India,
the trees remain dormant during the winter
and flowering occurs in the following spring,
while in temperate climates, flowering occurs
later and even in summer. In India, ‘Ganesh’,
‘Jaloreseedless’, ‘Dholka’, ‘P-13’, ‘P-16’, ‘P-23’,
‘P-26', ‘G-137’, ‘Musket’, ‘Kandhari’, ‘Kabul’
and ‘Mridula’ pomegranates have evergreen
natures. In the middle and south of India where
the climate is tropical, pomegranates flower
throughout the year producing small fruits,
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Table 7.2. Flower regulation (Bahar treatment) of pomegranate in tropical conditions in India.

Flowering season Flowering time Harvest time Fruit colour quality Yield
Ambe Bahar January-February June-September Excellent Good
Mrig Bahar June-July December-February Poor Good
Hasta Bahar September-October March-April Good Low

which may not be desirable commercially;
hence, flowering needs to be concentrated in a
shorter period so as to enable a prolific harvest
at a given time. To avoid this problem, trees are
given Bahar treatment. Looking at patterns of
precipitation, flowering can be induced during
June-July (Mrig Bahar), September—October
(Hasta Bahar) and January-February (Ambe
Bahar) (Table 7.2). In this treatment, the plants
are given a rest period by withholding irrigation.
Generally, a 45-60-day stress period is found to
be sufficient to induce flowering. The rest period
facilitates the shedding of leaves. Trees can also
be forced to defoliate with chemical applications
(Ethrel®, Curacron or thiourea). At the end of
the rest period, trees are pruned. The recom-
mended doses of fertilizers are applied immedi-
ately after pruning and irrigation is resumed.
This leads to profuse flowering and fruiting.
The fruits are ready for harvest 4-5 months af-
ter flowering. The time of flowering treatment
(Bahar treatment) is regulated taking into con-
sideration the availability of irrigation water,
market demand and pest/disease incidence in
a given locality (Chandra and Meshram, 2010;
Hiwale, 2015; Lal et al., 2017).

The fruits of Ambe Bahar are ready for
harvest from June to September. As the fruit de-
velopment takes place during dry months, they
develop an attractive colour and quality, and
are thus suitable for export. Similarly, due to
dry weather, the incidences of pest and disease
attacks are limited. However, Ambe Bahar can
only be carried out in areas with assured irriga-
tion facilities. The Mrig Bahar crop is harvested
from December to February. Usually, this con-
dition is favoured as the flowering and fruiting
period coincides with rainy season or immedi-
ately after rains, and the crop is taken without
much irrigation. As the fruits develop during
the rainy season and mature during winter, the
colour and sweetness of the fruit are affected.
The fruits from Hasta Bahar are harvested from
March to April. They have attractive rinds with

dark-coloured arils. Since the availability of the
fruits during this season is limited, they fetch
high value. Optimum water stress cannot be
developed during this period as withholding of
irrigation coincides with the rainy season. This
leads to poor flowering and thus affects the yield
(Chandra and Meshram, 2010; Hiwale, 2015;
Lal et al., 2017).

7.2.4 Heat requirement

Pomegranate is a plant that loves high tempera-
tures and the highest quality fruits are obtained
in arid regions with long, warm, dry summers
without rainy days. Ikinci et al. (2014) showed
that the best-quality pomegranate fruits were
obtained in temperatures of 38°C and with a dry
climate during fruit development; however, the
accumulated total heat requirement together
with the high temperature is also important for
fruit quality.

The heat requirements were calculated as
the growing degree hours (GDH) and growing
degree days (GDD). GDH is mostly used for bud
flowering heat requirements from breaking of
dormancy to 50% of flower opening, but it is
also used to calculate accumulated heat from
breaking of dormancy to the leaf fall date in
some experimental orchards. GDD is the sum
of temperatures that fruit needs to grow in a
region to reach the expected quality level. GDD
is determined by subtracted threshold tempera-
ture from the mean daily temperature (Jackson,
1999), daily and based on the number of days
between each phenological phase, the sum of
effective temperature (°C-day) ‘day-degree’ is
calculated. Temperatures below the threshold
temperature have not been taken into account.
The growth temperature threshold for pome-
granate (mean daily temperature) is considered
to be 10°C (Melgarejo et al., 1997; Samani,
2014). GDH can also be measured following the
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models proposed by Richardson et al. (1975)
and Anderson et al. (1986). Richardson et al.
(1975) defined one GDH as 1 h at a temperature
1°C above the base temperature of 4.5°C. GDH
is calculated by subtracting 4.5°C from each
hourly temperature between 4.5 and 25°C. All
temperatures above 25°C are assumed equal to
25°C. Anderson et al. (1986) proposed a grow-
ing degree model using an asymmetric curvilin-
ear model with GDH accumulation between 4
and 25°C (base and optimum).

Ikinci et al. (2014) found that the effec-
tive heat summation requirement from bud
swelling to 50% flowering stage for ‘Suruc’,
‘Katirbasi’ and ‘Hicaznar’ pomegranates was
643, 655 and 718 GDD or 25,000, 25,270
and 28,000°CGDH, respectively, and from
bud swelling to harvest the values are 2734,
2802 and 3289 GDD or 73,670, 74,105 and
88,052°CGDH, respectively, in Sanliurfa prov-
ince, south-eastern Turkey. They concluded
that the effective heat summation of Sanliurfa
province is enough for commercial growing of
all pomegranate cultivars. Soloklui et al. (2017)
reported that the heat requirement of flower-
ing buds of 20 pomegranate cultivars in Yazd,
Iran on the basis of GDH ranged from 4096
to 7928°C with a base temperature of 10°C.
Meshram et al. (2016) found that total GDD
accumulations of 10 pomegranate cultivars
grown in Maharashtra, India ranged from 2948
to 4105°C from defoliation to harvest time.

The vegetative budbreak time of pome-
granates in Shirvan region (Azerbaijan) is in
the first half of April. The growing duration is
nearly the same in different cultivars and is up
to 230-235 days. According to total required
temperatures for completion of all phenomenal
phases, the studied cultivars were close to each
other, needing 5040 to 5140°C, and forma-
tion up to the maturation of the fruits needed
1475-1560°C (Mammadov, 2015). Cao et al.
(2015) reported that the accumulated tem-
perature in pomegranate-growing regions in
China is between 4133 and 6532°C. A study at
the National Research Centre on Pomegranate
(Solapur, India) determined the total GDD,
photo-thermal index and heat use efficiency for
12 pomegranate varieties during 2015-2016 in
Mrig Bahar. Total GDD accumulations of all the
varieties ranged from 2390.30 to 3575.10°C
from defoliation to the harvesting period. The
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GDD ranged from 932.80-1753.20°C at flower-
ing stage and 284.90-903.50°C at the repro-
ductive stage. The lowest and highest GDD from
defoliation to harvesting period build-up was
2390.20°C for ‘IC-318707" and 3575.10°C
for ‘Bhagwa’ . Photo-thermal index (PTE) and
heat use efficiency (HUE) of 10 varieties ranged
from 17.20-19.9°C /day and 0.70-7.9 metric
tonnes (t)/ha/degree at flowering and reproduc-
tive stages (Anonymous, 2016). A study under
the Jodhpur climate revealed that ‘Jalor Seedless’
required an accumulation of 41degree days,
whereas ‘Jodhpur Red’ required only 33 degree
days per mm increase in fruit size after fruit set-
ting indicating that growth rate of fruit size is
faster in ‘Jodhpur Red’ in comparison with ‘Jalor
Seedless’ cultivar. It has also been found that an
accumulation of 13 degree days and 164 degree
days, respectively, is required to increase the fruit
weight by 1 g and total soluble solids (TSS) by
1 degree Brix, after fruit setting in ‘Jalor seedless’
cultivar (Rao and Singh, 1998). It appears that
the heat requirement of pomegranate cultivars
is affected by climate, altitude, cultivar, age of
the tree, models used for calculation and the
year in which the experiment was conducted.
Pomegranate is tolerant to high tempera-
tures and can withstand dry hot winds at 46—
48°C; however, in some cases, high temperature
may cause damage. Lye (2010) reported that
Alice Springs and northwards in Australia is
just too hot for pomegranate, as the fruit boils
on the tree, and colour is also poor in these re-
gions. Onur (1988) reported that the growing
season for the vegetative period of pomegran-
ate in Mediterranean climate conditions is
180-215 days and for the fruit development
period is 120-160 days. Fruit ripening time
varies between 80-90 days and 180-200 days
according to cultivar and climate condition.
Fruits of some sweet cultivars mature 30-50
days before the fruit of sour cultivars (Yilmaz,
2007). Fawole and Opara (201 3) indicated that
the ‘Ruby’ pomegranate reached maturity be-
tween 132 and 139 days after full bloom (DAFB)
and ‘Bhagwa’ between 140 and 165 DAFB in
Western Cape, South Africa. Babu et al. (2017)
reported the period of fruit set to maturity is
180 DAFB for ‘Bhagwa’, 175 DAFB for ‘Ruby’,
150 DAFB for ‘Ganesh’ and 145 DAFB for ‘Jalore
Seedless’ in Solapur ecological conditions with
Mrig Bahar treatment. The period for fruit set to
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maturity takes 120-155 days according to cul-
tivar during Ambe Bahar in New Delhi (Meena
etal., 2011). Cizmovié et al. (2014) reported that
the duration of the growing season in studied
cultivars ranged from 241 days in 2003 on the
site of Dobra Voda to 275 days in 2004 on the
site of Tomba in Montenegro.

The difference in temperature between
night and day enhances the colouring of the
rind and arils. Higher temperatures during mat-
uration retard colouration of fruit peel and arils.
Maneraetal. (2012) found that the colourimetric
values of pomegranate rind were highly corre-
lated with the air temperature during fruit de-
velopment and ripening. The higher correlation
coefficients (0.9) indicated a significant effect
of air temperature on rind colour development
in pomegranates. Borochov-Neori et al. (2011)
have also shown that there is an inverse rela-
tionship between anthocyanin accumulation
and the high season temperatures. Cyanidins
were generally more abundant, but delphinidin
accumulation was enhanced in cooler seasons.
Shulman et al. (1984) and Schwartz et al. (2009)
have shown that pomegranate fruits grown in
Mediterranean coastal areas have higher an-
thocyanin content than those grown in desert
climate conditions. Borochov-Neori et al. (2009)
found that the red colour intensity of the arils
was inversely related (R*=0.89-0.94) to the
sum of heat units accumulated during fruit rip-
ening, and Fawole and Opara (201 3) found that
the low heat condition is known to be an opti-
mum factor for the biosynthesis of red antho-
cyanin compounds in pomegranate fruit. Chater
et al. (2018) indicate that there were significant
site and cultivar effects on many traits as well
as site—cultivar interactions. In California, the
coastal trial grew significantly faster than the
semi-arid inland site. However, the inland site
was more productive than the coastal site for
the first 3 years, although production during
year four of establishment was similar at both
sites. Franck (2012) reported that many pome-
granate plantations in Chile have been placed in
zones with suboptimal climatic conditions, such
as high autumn rain probability (regions south
of Valparaiso) that may cause a high incidence
of fruit cracking (especially ‘Wonderful’ culti-
var). Also the maturation period of plantations
near the coast, with milder summer and winter
temperatures and frequent foggy days in spring,

tends to spread in time, resulting in a a signifi-
cant proportion of fruit that does not fulfil its rip-
ening process or develops very poor skin colour.

7.3 Light

Pomegranate is a light-loving plant. To obtain
high yields and high-quality pomegranate fruit,
a long, hot, dry and extremely sunny summer
period after fruit set is required. Excessive shad-
ing adversely affects the development of the tree.
However, direct sunlight on the fruit in hot plac-
es is harmful as it causes overheating and sun-
burn (Yilmaz, 2007). Obviously, light intensity
affects photosynthesis and therefore the tree’s
vegetative growth, flower production, and the
size, colour and composition of the fruit. These
factors in turn determine the quantity and
quality of production. Mditshwa et al. (2013)
observed an association between light intensity
and vitamin C content. Fruit grown in locations
with high light intensity had higher vitamin C
content and lower phenolic content than those
of fruit from low-altitude locations and low light
intensity. Pomegranates require at least 6 h of
direct sunlight a day in order to ensure good fruit
colour and productivity. When selecting a pome-
granate orchard location, choosing the south
direction for the orchard will increase the prob-
ability of receiving a better amount of radiation.
The tree spacing of pomegranate is very im-
portant. Narrow tree spacing causes crowding
of the orchard. After several years trees shade
each other and photosynthesis declines, leading
to a reduction in tree growth and development.
Insufficient light also affects flower induction
and differentiation, flowering, fruit formation
and fruit quality. Therefore, tree rows should be
preferably located in the south—north direction
for more light exposure when the orchard is be-
ing installed.

In training and pruning of plants, the aim
is to create more leaf area, which is better able
to absorb more solar radiation leading to good
productivity. The most effective training system
appropriate to the ecological conditions must be
chosen and summer pruning should be applied.
Pomegranates are especially sensitive to sun-
burn because they are terminal-bearing plants
on generally thin branches that bend with the

Al'l use subject to https://wmv. ebsco. conlterns-of-use



EBSCChost -

232

C. Yilmaz et al.

increase in fruit weight as the season progresses.
This exposes fruit parts that had developed pre-
viously in the shade, and are extremely sensitive
to sunburn (Melgarejo et al., 2004). Yazici and
Kaynak (2006) observed that sunburn dam-
age occurred on ‘Hicaznar’ pomegranate when
temperatures were higher than 30°C and solar
radiation was higher than 610 Wm™. In this
study sunburn damage on pomegranate fruit
called ‘blacking’ occurred on the sun-exposed
side of the fruit when the surface temperature
reached up to 45-50°C. Therefore, July, August
and September (in the northern hemisphere)
were determined to be the months with a high
risk of sunburn damage. Meanwhile, an effect
of air humidity on solar radiation leading to a
decrease in fruit surface temperature was deter-
mined (Yazici and Kaynak, 2006). Schrader et al.
(2003) observed that factors such as clouds,
wind and precipitation caused rapid fluctua-
tions in fruit surface temperature (FST). For ex-
ample, the appearance of a few clouds markedly
decreased solar radiation, and quickly decreased
FST below the threshold temperature required
to induce sunburn browning in apple. Yazici and
Kaynak (2006) reported that sunburn brown-
ing in pomegranate was induced when the FST
reached 35 + 1°C, sunburn browning with
black necrosis occurred when the FST reached
40 £ 1°C and blacking was induced when the
FST reached 45 £ 1°C. Photoselective netting,
kaolin application, evaporative cooling and
bagging of the fruits should be used to prevent
sunburn damage in pomegranate (Shahak et al.,
2004; Yazici and Kaynak, 2006; Shlomo, 2015;
Meena et al., 2016). Yazici and Kaynak (2006)
found that shading treatments decreased sun-
burn damage on pomegranate fruits compared
with controls. However, fruit cracking increased
when the humidity was high. In addition, shad-
ing plus kaolin application was more effective
for decreasing sunburn compared with shad-
ing treatment alone. Sunburn damage of fruits
was reduced from 21.9% in the untreated con-
trol to 9.4% in the Surround® WP-treated fruits
(Melgarejo et al., 2004).

The oasis environment confers an advan-
tage for fruit growing in the deserts in Tunisia.
Typically, the oasis is based on the date palm
grove, an essential element for creating its mi-
croclimate that allows the cultivation of oth-
er fruit trees (pomegranate, fig, citrus, etc.).
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Pomegranate trees were intercropped with date
palm trees and other fruit species. In this case,
pomegranate trees were shaded by date palm
and other trees under the severe light conditions
of the desert. It was found that the oasis pome-
granates exhibited better-quality fruit, high total
anthocyanin content, high hydrophilic anti-
oxidant activity and high levels of other mineral
and biochemical content (Boussaa et al., 2018,
2019).

7.4 Soil

Pomegranate grows on heavy clay soils, clay
loess-like loamy soils, chestnut soils, loamy
soils, loamy-pebble soils, sandy loam soils, rich
with humus, black earth (chernozem) soils,
light humus soils with pebble inclusions, yellow
soils (zheltozem), podzolclay lime, alluvial soils,
red Mediterranean laterite, red laterite, seaside
sands, gravel talus, dry rocky hills, alkali soils
and lime-rich soils, as well as on limestone for-
mations on arid hills. In Ethiopia, pomegranate
grows on red soils (krasnozem) (Levin, 2006b;
Yilmaz, 2007). Thus, it has a wide adaptability
for soil type. The most suitable soil for pome-
granate is fertile, humus-rich, deep, medium
structure, with good drainage and especially al-
luvial soils. The best yield and quality is achieved
in such soils. It is known that pomegranates re-
quire well-drained soils with good water-holding
capacity and a reliable water source for irriga-
tion. In choosing the land, in addition to factors
such as soil type, proper soil texture and depth,
slope, cultivation method, tree distance, and row
direction should be considered.

The soil depth of the land to be culti-
vated should be at least 50cm deep (Toledo
and Albujer, 2000). The pomegranate is a spe-
cies sensitive to waterlogging or root hypoxia
(Olmo-Vega et al., 2017). Pomegranate trees in
heavy soils that hold water should be planted
on raised beds (Fig. 7.1) (Dagar et al., 2001a).
Pomegranate cultivation will not be a problem
unless there is a drainage problem in heavy soils.
Fruit colouration will be less in heavy soils. Dagar
et al. (2001b) reported that pomegranate tree
was damaged by 45 days of waterlogging caused
by flood water entry into the experimental area
during the 1995 monsoon season. If adequate
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Fig. 7.1. Raised-bed planting of pomegranate
tree in regions with heavy soil or waterlogging
problem. (Photo: Cenap Yilmaz.)

drainage provision exists, pomegranate can be
cultivated in alkaline soils successfully. Under
waterlogging stress, pomegranate cannot pro-
duce fruit, and in the next season the tree may
die (Singh et al., 1997). Olmo-Vega et al. (2017)
tested three pomegranate cultivars in a flooding
pot experiment in Spain and showed that ‘Mollar
de Elche’ was the most tolerant and ‘Valenciana’
was the most sensitive cultivar to flooding.

In natural conditions, pomegranate does
not grow in salty soils but pomegranate is con-
sidered a salt-tolerant species. Pomegranate has
a xylopodium — an underground woody stem
that is a storage organ — to supply nutrients and
act as a buffer for absorption of toxic sodium
ions, in particular to restore the aboveground
bush if it dies back after a cold winter, and as
the plant ages. The xylopodium is formed during
the first years of the pomegranate’s life (Levin,
2006b; Chandra et al., 2010). The amount of
salt in the root zone that pomegranate tree can
tolerate is 0.2% and it can be grown with 1.5-
2.0 meq/l of salt in irrigation water if the soil
drainage is good. The electrical conductivity (EC)
value of the soil should not be higher than 3.5
mmho/cm. This value should be at lower levels
(1.7 mmho/cm) in high-clay soils. Although the
pH limits for pomegranates are between 4.5 and
7.2, the range for best tree growth is pH 5.5-7.2
(Jain and Neetin, 2018). The recommended ac-
tive lime ratio in the soil is between 12 and 15%
(Jain and Neetin, 2018). The organic matter
content of the soil should not be lower than 1%.
The organic matter content should be checked

to make provisions for its improvement. Well-
composted farm manure should be used in the
orchard. In the first years, 10-15 m?3/ha and the
following years 25-30 m>/ha per year farm ma-
nure is generally recommended. Farm manure
should be given in the autumn—winter months
to cover the whole root area and mixed with the
soil. The use of green manure also gives benefi-
cial results by considering the organic matter de-
mand of pomegranate. For this purpose, plants
such as sun hemp (Crotalaria juncea L.), glyricid-
ia (Gliricidia sepium), karanj (Pongamia pinnata)
and neem (Azadirachta indica) are planted in the
entire pomegranate orchard and are buried in
the soil during flowering periods (Marathe et al.,
2017). These plants have benefits in terms of
enriching the soil with nitrogen. Organic fertili-
zation should be continued every year or every
couple of years in pomegranate orchards, as
organic matter is very difficult to accumulate
in soils of hot and dry regions. Applications of
organics have been shown to be effective in de-
creasing pH and EC values of the soil (Marathe
et al., 2017). Green manuring through sun
hemp decreased pH (6.27) and EC (0.38 dS/m)
of soil (Marathe et al., 2017). Green manure
crops, pulses and vegetables are recommended
as intercrops till the main crop attains 45 years
of age (Jain and Neetin, 2018). Intercropping
leads to economic benefits from either both of
the component crops or at least one in com-
parison with a monocrop system. Intercropping
improves mobilization of nutrients in the rhizo-
sphere, thus resulting in better growth and yield
from component crops (Wasaki et al., 2003).

7.5 Topography

Natural pomegranate forests are mostly found
around rivers and lakesides, valley slopes and
dried river beds. These locations are very suit-
able for pomegranate cultivation, but pome-
granate groves can be built up to the altitudes of
800-1000 m in plains and plateaus. Especially
in regions with cold winters, the build-up of cold
air patches in the hollows should be considered.
If the terrain is very inclined, a terraced con-
tour system suitable for inclined areas should
be established. Franck (2012) reported that the
best conditions for growing pomegranates in
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Chile are in the interior of the transversal val-
leys (Andes foothills) of the northern cultivation
zones: especially the Atacama and Coquimbo
Regions, which therefore constitute 83% of the
country’s pomegranate production area.

7.6 Water (Quality and Quantity)

Pomegranate is a drought-tolerant plant and
tree life can continue for several years, although
it is not very efficient under dry conditions.
Under irrigation conditions, the tree develops
strongly and gives plenty of fruit. In the sum-
mer period, if the precipitation is abundant and
regular, the trees develop very well and give
plenty of fruit, but the fruits tend to soften and
have low transport and storage quality. In the
Mediterranean climate zone, pomegranate can
survive by natural precipitation, but in these
conditions fruit yield and quality is extremely
low. A soil water shortage leads to less photo-
synthesis and this may cause the tree’s growth
to decrease. Pomegranate is a relatively winter-
hardy and drought-tolerant plant and can thrive
under desert conditions but bears well only un-
der irrigation (Phule, 2002).

Although pomegranate has a long-lasting
tolerance to drought, the yield and fruit qual-
ity are negatively affected under water stress.
In this condition, fruits cannot develop and re-
main small. Burmistrov (1993) reported that
pomegranates reproduce by seed in the wild.
Seedlings appear in April. Growth is slow at
first, especially in dry conditions, then speeds up
somewhat. On dry slopes, a seedling may take
10-12 years to reach a height of 1 m; if irrigated
it may reach the same height in 2 years. The wa-
ter requirement of pomegranate depends on the
climatic condition, especially the rainfall regime
and temperature of the region where it is grown.
Pomegranate needs approximately 1200 mm/
year of water. A part of this water requirement
is compensated for by winter and spring rain-
falls. However, it is necessary to irrigate the trees
during the summer period when there is little or
no rain. For the best fruit quality, it is necessary
to provide the soil with adequate moisture. In
fact, pomegranate water requirements are high
as a study in Israel showed that water applica-
tion for pomegranate tree cultivation is around
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5000-6000m?/ha (Holland et al., 2009). More
specifically, water use of control trees under no
soil water limitations changed during the grow-
ing season from 0.23 to 5mm/day under class ‘A
pan evaporation values of 3.06-9.19 mm/day
(Bhantana and Lazarovitch, 2010), although
Sulochanamma et al. (2005) did not find any
significant increase in fruit yield when water
was applied at 0.6, 0.8 or 1.0 of pan evapora-
tion. Pomegranate irrigation is mostly done by
surface irrigation (pan and furrow) and drip
irrigation systems. Some farmers also use the
mini sprinkler irrigation system. In order to ob-
tain high quantities of good-quality fruit, the
tree should be irrigated regularly with the same
amount each time. Adequate soil moisture must
be provided, especially during the fruit develop-
ment period. The number of cracked fruits will
be reduced if sufficient soil moisture is provided,
especially at the end of summer and autumn
when the fruit is maturing. It is possible to irri-
gate on one side of the tree, but it is preferable to
irrigate two sides of the tree because of the root
system, which is shallow and weak, in order to
enlarge the root system and to ensure the an-
choring of the tree.

The level of water requirement depends
on environmental factors that drive evapora-
tive demand and transpiration, and also salinity
and electrolyte composition in the soil solution,
soil type and structure, soil aeration, root pen-
etration, tree hydraulic architecture, tree can-
opy size and crop load (Meshram et al., 2011).
Bhantana and Lazarovitch (2010) estimated k_
values by using a lysimeter for two pomegran-
ates ‘Wonderful’ and ‘SP-2’ from 30 days after
bud burst (DAB) to 240 DAB with various levels
of salinity of irrigation water: 0.8, 1.4, 3.3, 4.8
and 8 dS/m (Table 7.3). There were slight differ-
ences in k_between the two cultivars and when
the salinity level increased, the k_values mostly
decreased. Bhantana (2009) observed that fruit
yield was reduced from 42,000 to 6000kg/ha
when EC of irrigation water was increased from
0.8 to 7.5 dS/m.

Use of salty water in agriculture is not rec-
ommended, but saline and recycled water could
be used for irrigating pomegranate orchards.
In Israel, several desert orchards in the Negev
Highlands and in the southern Arava area are
irrigated with saline water (between 2.5 and 4.0
dS/m). Some pomegranate cultivars (‘Israeli’
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and ‘Turkmen’) under these conditions grew
to produce normal yields and fruit qualities
without apparent damage to the trees in Israel
(Holland et al., 2009). Pomegranate can tolerate
saline water up to concentration levels of 40 mM
NaCl in the water (Naeini et al., 2004; Naeini
and Fallahi, 2006). Safak and Pirlak (2016)
reported that better development of pomegran-
ate plants was observed up to 3000 ppm of NaCl
solution. The amount of soil moisture interacts
indirectly with the susceptibility of plant to dis-
eases and pests and winter hardiness (Meshram
etal., 2011; Nasrabadi et al., 2019).

The water requirement of a 5-year-old
pomegranate tree varied from 5.62-47.811/day
in the western part of Maharashtra, India and
the seasonal water requirement of pomegran-
ate was 14057.331/year/tree (Chandra and
Meshram, 2010). Regardless of the amount of
water required in pomegranate orchards, one
of the important issues is providing soil mois-
ture with irrigation at regular periods. Regular
irrigation is essential during the reproductive
growth stage as irregular irrigation causes
dropping of flowers and small fruits (Patil et al.,
2002). A sudden change in soil moisture causes
stress, which affects adversely the fruit develop-
ment and leads to fruit cracking. For further in-
formation on pomegranate water requirements,
see Chapter 11.

7.7 Environmental Limiting Factors
for Pomegranate Production

7.7.1 Rain

The amount and distribution of rainfall is an
important factor in growth and development
of pomegranate crop. Water is required at dif-
ferent stages of plant growth. Water shortage
at the time of early growth, bud differentia-
tion, blossoming, and fruit set and development
results in an undesirable effect. However, rain
at the time of flowering may wash out pollen
grains and greatly reduce the fruit set. It is gen-
erally observed that fruits are more juicy when
they mature during the rainy season due to
high atmospheric humidity. Fruits that mature
during the rainy season contain less sugar and
more acid than fruits maturing during the dry
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Fig. 7.2. Soil moisture fluctuation or sudden
rain before or during harvesting results in
pomegranate fruit cracking injury. (Photo: Cenap
Yilmaz.)

season. Maintaining the quality of fruits after
harvest that have developed under high atmos-
pheric humidity may not be easy. Mditshwa et al.
(2013) reported that fruit from locations with
low rainfall had high TSS and low titratable acid-
ity (TA). Rainfall in autumn can affect the yield
as the pomegranate fruit will crack, and this
can be a more severe problem than when the
crop is affected by a shortage of irrigation wa-
ter (Fig. 7.2). Areas that receive regular summer
rain are probably not suitable as potential pro-
duction zones, as fruit tends to be soft, with poor
transport and storage characteristics. Heavy
rains may cause flooding, resulting in substan-
tial fruit damage. However, in monsoon precipi-
tation with a dry season, pomegranate can be
grown using some flowering treatments (Singh
et al., 2011a). Planting on borders (ridges) can
improve drainage and root aeration. Plastic
mulching can also be used to improve drainage
and soil water potential.

7.7.2  Humidity

The quality of pomegranate fruit is adversely
affected by a humid climate. It has been shown
that relative humidity is negatively correlated
with fruit surface temperature (Yazici and
Kaynak, 2006). Air circulation is essential, es-
pecially in the spring during bloom. Flowers may
not set or will abort if conditions are too humid.
Thus, open areas free from shade and with a
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Fig. 7.3. Russeting damage on pomegranate peel
due to high humidity and precipitation during fruit
development stages. (Photo: Cenap Yilmaz.)

gentle slope to promote natural air drainage are
encouraged for pomegranate cultivation. High
atmosphere humidity and the dew formed on
fruit peel cause russeting on fruit towards ma-
turity (Fig. 7.3). The russeting occurs because
of damage to the tissue of the epidermis of the
peel by dew in humid conditions. This damage in
pomegranate fruit is generally seen in advanced
stages of fruit development and towards maturi-
ty. On the whole or part of the peel surface of the
damaged fruit, a suberin layer is formed. Thus,
the fruit cannot become the normal colour and
loses its attractiveness completely. This damage
also triggers fruit cracking (Yilmaz, 2007).

Special care should be taken in areas with
high relative humidity, as fruit quality may be af-
fected and there may be high incidence of fungal
diseases. Polat (2013) reported that Alternaria
infections are more common in pomegranate
leaves in areas with high humidity, and Day and
Wilkins (2011) found that low relative humid-
ity in the San Joaquin Valley precludes common
development of foliar diseases in pomegranates.
Bacterial blight (Xanthomonas axonopodis pv.
punicae) build-up is rapid during the rainy and
humid season. High disease severity is observed
from July to October in the monsoon region of
India. Temperatures between 25 and 35°C cou-
pled with humidity above 50%, rains and wind
favour rapid disease development. The disease
affects all plant parts, but is most destructive on
the fruits (Anonymous, 2013).

7.7.3 Elevation

The best elevation for pomegranate production
is up to 1000 m above sea level in subtropi-
cal climate zones and 1800 m in tropical cli-
mate zones. Most of the pomegranate areas in
Afghanistan are located between 700 and 1500
m above sea level and it can be grown in such
elevation ranges commercially (Samadi, 2011).
In China, the pomegranate-growing area has
the lowest altitude of 50 m (Anhui Huaiyuan
region), and the highest is up to 1800 m (Cao
et al., 2015). In Nepal, both cultivated and wild
forms grow on open and dry slopes of warm
valleys and outer hills ranging between 700
and 2700 m (Chaudhary, 2000; Lama et al.,
2001; Joshi and Joshi, 2001). Pomegranate
trees grow native in well-defined forest patches
in the northern areas of Pakistan. The plant is
commonly found at altitudes of 1000-2000 m
in the north-west of Pakistan and wild pome-
granates frequently appear, especially in Khyber
Pakhtunkhwa (Chitral, Dir and Kurrum re-
gions), Baluchistan, south Waziristan, and some
areas of Kashmir and Hazara (Jurenka, 2008;
Ali and Begum, 2015).

High altitudes affect pomegranate yield
and fruit quality negatively. High altitude in-
creases the frost risk for pomegranate pro-
duction. The fruit size, aril yield and yield per
tree decrease in ‘Hicaznar’ in cultivation ar-
eas above 350 m altitudes in Mediterranean
climate. It has been determined that the in-
crease in both peel and aril colour density of
‘Hicaznar’ happened as the elevation increased
(Yaman et al., 2015). ‘33N26 Cekirdeksiz VI’
cultivar has soft seeds, yellow skin and light
pink arils when growing in a coastal area in
Mersin, Turkey; however, in higher elevation
mountainous areas it is red skinned and arilled
(Onur, 1982). Mphabhlele et al. (2016) reported
that fruit from a lower altitude (222 m), char-
acterized by the Mediterranean climate, had
higher TSS, glucose and fructose contents than
fruit from semi-arid (662m) and subtropi-
cal (898 m) climates at commercial harvest.
Mphabhlele et al. (2014) also found that pome-
granate fruits grown in an area with lower
altitude were associated with higher bioactive
compounds at full ripe stage according to prin-
cipal component analysis.
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7.7.4 Salinity

In natural conditions, pomegranate does not
grow in salty soils. However, pomegranate is
considered a salt-tolerant species. When the
salt accumulation in the soil exceeds 0.5%,
the pomegranate roots begin to die. This situ-
ation affects tree development and efficiency. A
negative relationship has been found between
the amount of water soluble minerals in the
soil (including sulfates and chlorides) and root
development. Importable sodium content in
soil affects root formation (Yilmaz, 2007). The
maximum amount of salts permitted in the soil
in the root zone is 0.2%, and the 1.5-2.0 meq/1
limit is acceptable if the drainage is good.
Pomegranate yields can be reduced at least
10% or more when the amount of salts in the
soil exceeds 5 dS/m. It has been found that the
pomegranate plant is very tolerant to saline
water irrigation up to an EC of 15 dS/m with
little foliar salt damage and a slight growth re-
duction without considering fruit production
(Sun et al., 2018).

7.7.5 Wind

Although severe winds hamper the develop-
ment of pomegranate plants, there is no sig-
nificant damage at normal winds. However,
especially in thorny varieties, the peel of the
fruits is damaged by spines because of the wind
and the market value is negatively affected
(Onur, 1988). Pomegranate trees are especially
sensitive to strong winds and extremely windy
areas should be avoided when planning a cul-
tivation site. The mechanical effect of wind is
especially noted in young plantations in zones
with dominant winds from one direction. The
trunk is at an angle and the crown is deformed,
leaving the tree unbalanced. In places where
there is a risk of wind and frost damage, a
windbreak should be installed in the direc-
tion of the prevailing winds to protect from
wind and frost damage. The effect of the wind
varies according to its intensity, temperature
and humidity. Hodgson (1917) indicated that
pomegranates seldom ripen well in California
near the Pacific coast or cool regions, usually
remaining very sour and tart, as well as poorly
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coloured. Moreover, the ratio of acid to total
solids runs high, and when exposed to cool sea
breezes, the plant does not bloom well or set
much fruit.

7.7.6 Frost and freezing

Among all the limiting factors of pomegranate
cultivation, frosts, especially winter freezing, cause
the most losses to pomegranate growers in colder
regions. The main producers of pomegranates in
the marginal desert regions such as Iran, over a
period of about 10 years, encountered extremely
low winter temperatures at least once, resulting in
general damage to the orchards. In this case, se-
vere winter freezing in 2007 (-21°C for 3 consec-
utive days in winter) and 2016 (-10°C for 48 h in
late autumn) destroyed 36,931 ha and 35,000 ha
of pomegranate orchards in Iran, respectively
(Ministry of Agriculture of Iran, 2017). The rate
of winter freezes has increased in recent decades
with global climate change, and it is very difficult
to predict areas without freezing. However, con-
sidering long-term meteorological data and using
cold-tolerance cultivars will greatly help to mini-
mize the losses.

Types of winter injury include blackheart,
cambium injury, bark splitting, trunk splitting,
shoot death (dieback), leaf bud death and root
death. Frost burns of trunks are often seen in
open areas of pomegranate-growing zones.
The dead bark is separated from the wood and
callus is produced at the border of this injured
area. Bark splitting of the trunk is more com-
mon in young trees (Ghasemi Soloklui et al.,
2012; Levin, 2006b). In most cases, farmers
are forced to cut the main scaffold trunks from
the surface of the soil (Fig. 7.4). In these condi-
tions, cultivars that can grow faster and reach
the fruit-bearing stage sooner are useful. Cold
hardiness of the same cultivars varies in differ-
ent winters, which may be related to age, yield
status, the physiological state of the plants,
the agro-technical level and the time of winter
minimum temperatures. However, some geno-
types show the same level of frost tolerance
in different winters; for example, ‘Kazake’, a
soft-seeded cultivar, and its progenies are not
usually frost tolerant (Levin, 1995). Hodgson
(1917) reported that the freeze of 1886 in the
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Fig. 7.4. The freezing injury of pomegranate trees on 25 November 2016 in Semnan, Iran at -10°C: (a)
browning and dying of the main tree trunk from the soil surface and the emergence of the new suckers
in the following growing season; (b) injury of main branches of the tree. (Photos: Marzieh Vafadar.)

south of the USA killed all the sweet pomegran-
ate trees to the ground, but did little damage to
sour varieties and this greater frost resistance
of the sour varieties has been noted several
times. Levin (1995) also reported that there
are differences between pomegranate varieties
in terms of resistance to frosts in winter. He re-
ported that soft-seeded cultivars are less frost
hardy and are damaged at —11 to —12°C, while
hard-seeded cultivars are damaged at —15 to
—16°C and lower. Levin (2006b) reported that
pomegranate is not a resistant plant to ex-
treme cold. Dwarf pomegranate varieties can
withstand up to —6 to —7°C and soft-seeded
varieties up to —12 to —13°C. At temperatures
of —14 to —15°C, annual branches of pome-
granate trees and some buds are killed, and the
main branches are damaged at —16 to —17°C.
The sub-surface parts of the plant are dam-
aged at temperatures of —18°C and lower, and
the tree is completely killed. Tolerance to frost

and winter cold varies between cultivars. At
the same time, this tolerance affects the rest
period and the swelling of the buds.

The amount of tree damage by freezing
depends on several factors such as cultivar,
nutritional status, topographic features of
the area, tree acclimation stage and irriga-
tion levels (Ghasemi Soloklui et al., 2012;
Nasrabadi et al., 2019). Freezing injuries to
trees can be increased with occurrence of
low temperatures prior to dormancy in the
autumn, and in mid-winter during full dor-
mancy trees have more tolerance to freezing
injury (Ghasemi Soloklui et al., 2012). Starch
content at the end of the growing season
seems to be positively related to pomegranate
cold hardiness (Nasrabadi et al., 2019). The
faster the tree enters the dormancy stage, the
more tolerance it has to low temperatures. In
the autumn, the usual irrigation of trees is
cut off as soon as possible so the trees enter
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the dormancy stage sooner. In 2016, the
pomegranate orchards in Semnan region,
Iran, which traditionally stopped irrigation
earlier, had earlier leaf abscission, and the
loss of trees owing to late autumn freezing
was much lower or did not occur (Mehdi
Rezaei, personal observation).

Spring frost is rarely a major problem for
pomegranate orchards. Flowering of pomegran-
ate trees is later than other fruit trees and their
flowering period is longer. However, late spring
frost may injure the terminal shoots and flower
buds. Low temperatures in the early autumn and
during fruit harvesting time can also increase the
percentage of fruit cracking, and if the tempera-
ture drops, it can completely destroy the fruits on
trees. Day and Wilkins (2011) reported that both
winter freezes and spring frosts caused damage to
pomegranate trees in the San Joaquin Valley in
early March 2008, and again in 2009 spring frost
events occurred where temperatures dropped to

as low as —3°C. Mature trees were unaffected, but
some young orchards suffered from shoot dieback
and growers were forced to regrow trees from the
resulting ground suckers (Fig. 7.5). An unusu-
ally hard freeze occurred in December 1990 in
California, USA, where the temperature dropped
to —6 to —8°C. A number of mature orchards
were damaged severely with death of scaffolds,
and some young orchards were killed outright
(Day and Wilkins, 2011).

Levin (2006a) found that the nature of
pomegranate blossoming at the northern bor-
der of its cultural habitat varies a lot from year
to year and greatly depends on the level of harm
caused by winter frosts, spring weather condi-
tions, etc. Slight plant freezing affects the nature
of blossoming mainly indirectly, which results in
mainly forming functionally male flowers dur-
ing the second year and demonstrates a late start
of the blossoming period.

Fig. 7.5. Frost damage is one of the major problems in pomegranate orchards during late winter or early
spring. Types of frost injury are (a) cambium injury, (b) bark splitting and trunk splitting, (c) shoot death
(dieback) and leaf bud death. (Photos: Cenap Yilmaz.)
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Fig. 7.6. Drought stress after water shortage before and during harvest time can significantly reduce

pomegranate fruit quality. (Photo: Cenap Yilmaz.)

7.7.7 Water

The major pomegranate orchards are estab-
lished in arid and semi-arid regions of the world,
which often experience drought. Pomegranate
trees are tolerant to soil water deficit and in fact
the best quality of crop is obtained from moder-
ately drought-prone areas (Galindo et al., 2017);
however, long periods of drought during the last
stage of fruit development can cause significant
economic damage to the growers (Fig. 7.6). This
crop tolerates extreme drought for long periods
during which the trees put on very little vegeta-
tive growth with no fruit production. However,
the trees tend to recover and thrive after being
irrigated and given subsequent care, and for
commercial pomegranate production, orchards
need regular irrigation especially in the dry sea-
son and during fruit development (Holland et al.,
2009; Intrigliolo et al., 2011; Khattab et al.,
2012). In addition to water quantity, the quality
of irrigation water can also be a limiting factor
in the cultivation of pomegranate. Pomegranate
trees are moderately tolerant to salinity and
salinity stress, and pomegranate injuries from
salt stress are enhanced by increasing irrigation
intervals (Karimi and Hasanpour, 2014). It is

noteworthy that salinity of irrigation water for
pomegranate trees should not exceed 2 mS/cm,
due to the fact that pomegranate is moderately
sensitive to salinity (salt effects at EC=3 mS/cm)
(Amri et al., 2011).

Pomegranate commercial orchards in
arid and semi-arid regions are rarely ex-
posed to prolonged waterlogging, and high
soil moisture and waterlogging in pome-
granate orchards are rarely considered a
serious problem, so little research has been
carried out on this issue. However in tropi-
cal regions and semi-arid climates with high
precipitation in the summer season, such
as the south-east of Spain, waterlogging is
a limiting factor, especially in heavy soils
(Olmo-Vega et al., 2017). Olmo-Vega et al.
(2017) showed that after only 6 days of wa-
terlogging, the pomegranate tree had more
than 30% growth reduction. Long-term
flooding in the growing season can destroy
pomegranate trees, especially in heavy soils
(Fig. 7.7). However, pomegranate forests
grow in northern Iran in heavy soils with
high soil moisture content. Some pomegran-
ate cultivars have more tolerance than oth-
ers (Olmo-Vega et al., 2017).
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Fig. 7.8. Sunburn damage to pomegranate fruit
can significantly reduce fruit quality and causes
aril discolouration. (Photo: Cenap Yilmaz.)

percentage of the tree’s fruit is damaged by
sunburn (Fig. 7.8). Summer temperatures

Fig. 7.7. Waterlogging damage to pomegranate may rise above 45°C in pomegranate-growing
tree; a few days can cause foliage wilt and sudden  regions, resulting in sunburn damage to the
heavy leaf drop follows. (Photo: Cenap Yilmaz.) fruits, which may inflict losses of up to 40%
of the total yield (Melgarejo et al., 2004).

7.7.8 Sunburn Nutritional status, proper irrigation, shad-

ing and kaolin treatment can reduce sunburn
Although pomegranates prefer hot and dry damage (Melgarejo et al., 2004; Yazici and
weather with sunny days, in severe light Kaynak, 2006). For more information on sun-
conditions and high temperatures, a large burn, see Chapter 12.
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8.1 Introduction

The pomegranate is a rustic tree that can sur-
vive in hard conditions with almost no care, but
for commercial cultivation an adequate sup-
ply of fertilizers, water, application of specific
phytosanitary treatments, training, winter and
summer pruning operations, and some support
or protection structures are essential. Before
planting an orchard, it is necessary to consider
various aspects:

®  Characteristics of the chosen site in terms
of both climate (winter cold, wind, expo-
sure, length of the vegetative season, tem-
perature, etc.) and soil (texture, fertility,
depth, etc.).

® Type of machinery and equipment avail-
able, as well as the experience of the work-
force (in land management, cultivation
operations, plant protection, harvesting
methods, etc.).

®  Preferred type of cultivation (conventional,
integrated, or organic).

®  Greater or lesser complexity of the chosen
plantation system (as free shape or with
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more or less sophisticated and expensive
support structures).

®  Availability of water.
Size of the orchard.

In the following sections, several aspects of
the orchard establishment and the tree manage-
ment operations will be described.

8.2 Selecting the Orchard Site

Before planting a pomegranate orchard, it is
advisable to carefully consider and then act in
such a way to prepare all the operations in time:
gathering information, choosing the nursery
material, preparing the soil and installing any
necessary support structures. The cost of both
establishment and management is high and sig-
nificantly influenced by several factors such as
the choice of the site, the variety and the train-
ing system (simple or ‘supported’).

In choosing the site, the climate and sun ex-
posure must be taken into consideration, as well
as the type of soil, water availability and quality,
the drainage, pre-planting soil operations (deep

© CAB International, 2021. The Pomegranate: Botany, Production and Uses
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tillage, rock fragmentation, ripping, organic
matter, air circulation, etc.) The wide adapta-
tion of pomegranate to different climates has fa-
voured the differentiation of several genotypes/
landraces in the world areas of its cultivation
(Ferrara et al.,, 2011, 2014a). Pomegranates
require a prolonged and warm summer season,
with many hours of light to ensure a good fruit
skin colour, high productivity and regular fruit
ripening. Other factors for site selection include
the cost of land (in some countries), proximity
to facilities (fruit processing) and markets. The
optimal site selection will require very few cor-
rections or integrations in the successive op-
erations, from soil preparation (fertilization, pH
correction, organic matter, etc.) onward (train-
ing system, mulching, etc., for more informa-
tion, refer to Chapter 7).

8.3 Site Preparation and Orchard
Planning and Establishment

8.3.1 Basic fertilization

Prior to planting trees, it is essential to carry
out a soil analysis of a representative sample
of the future orchard and make any needed
integration/correction. Soil analysis is useful
for knowing the actual levels of the macroele-
ments (nitrogen, phosphorus, potassium, etc.)
and microelements (iron, boron, manganese,
etc.), but also to determine the ratios (i.e. Ca/K
and Mg/K) and highlight any imbalances. An
excess of potassium, for example, can inhibit the
absorption of calcium, which is very useful for
the pomegranate in particular before flowering
(Maity et al., 2019). Proper necessary fertiliza-
tion involves the supply of organic substances
via mature manure or compost or organic or
mixed organic fertilizers, preferably slow-release
(Cossio and Vitelli, 2018).

Organic matter in the soil generally acts as
a natural source of nutrients and can improve
water- and nutrient-holding capacity in light
soils and increase drainage in heavier soils.
Usually, soil organic matter of 2—5% is consid-
ered suitable for fruit crop production (Neilsen
et al., 2014). Before planting, some soil chemi-
cal and physical operations are recommended;
for example, for possible pH corrections, adding
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lime to acid soils (with pH values lower than
6.5), and calcium sulfates (agricultural gypsum)
to alkaline soils (pH higher than 7.5), as well as
adding organic substances (manure, compost,
etc.) to soils with a low level of carbon.

Traditionally, during soil preparation up to
50 metric tonnes (t) per hectare (ha) of manure
is applied as well as 100-150kg of phospho-
rus and 200-250kg of potassium. Apart from
particular soil conditions (poor or problematic
soils), organic and mineral elements are better
supplied during the most sensitive phenologi-
cal stages of the season after the orchard estab-
lishment, as is done for species such as grape
(Ferrara et al., 2018) to better meet the plants’
needs (Bindraban et al., 2015). Before trans-
planting, to make amendments and correc-
tions to the soil, around 4 t/ha of agricultural
gypsum can be applied to improve the porosity
of clay soils and reduce the pH, and the green
manure with legumes and/or crucifers can be
added to improve the organic carbon content. If
small plants are planted (just rooted in peat pots
or from trays) a limited quantity of controlled-
release fertilizer is recommended to obtain a cor-
rect rooting, applied around the plant at about
a 20-cm distance from the stem; for example, a
fertilizer such as ‘Osmocote Smart-Release’ (19-
6-12 formula) at a dose of 80-100 g/plant (for
more information, refer to Chapter 9).

8.3.2 Soil preparation

The need for deep tillage is based on the fact that
for this fruit tree, which has a production cycle
of at least 25 years (some trees live up to 500—
600 years!), the only possibility for tilling the soil
in depth is before planting. This will favour the
development of a sound root system capable of
supporting the tree in terms of water and nutri-
ent absorption. The soil is subjected to subsoil-
ing at a depth of about 70-90 cm carried out at
least 4-5 months before the time of planting.
Subsoiling is recommended to be performed in
two steps in two perpendicular directions. Then
the cultivation bed is prepared by tilling the soil
with a tiller (grubber), a disc harrow and a cut-
ter. Successive steps include the squaring and
staking of the surface destined to become the
orchard, defining the position and orientation of
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Fig. 8.1. Pomegranate orchard with very wide
ridges. (Photo: Vito Vitelli.)

the rows with a picket placed at the beginning
and at the end of each row.

Raised beds in correspondence with the
rows are essential to avoid stagnation of water
near the plant collar, particularly in areas where
heavy rains often occur or where soils are heavy.
The ridges must have a triangular section with a
vast base, over 4 m (Fig. 8.1); they are achieved
with a three- or four-blade plough, with passag-
es ‘to fill it’. The height varies depending on the
type of soil: from 30 cm in loose soils up to 60 cm
in clay soils (Fig. 8.2).

8.3.3 Orchard floor management

Weed control in a pomegranate orchard is es-
sential because weeds exert intense competi-
tion for water and nutrients towards plants; in
the case of newly planted trees, competition
can occur even for sunlight. Weeds can be man-
aged by mulching, mowing, tilling or applying
herbicides. Where possible, the adoption of per-
manent sod in the inter-row (Fig. 8.3) and suc-
cessive mowing is the most advisable practice,
both for eco-compatibility and for the positive
effects on the characteristics of the soil, as well
as against erosion (Fig. 8.4). Perennial meadow
grasses such as fescue and ryegrass can be used.
In small family orchards weeds can be easily
controlled by using a brush cutter (see succes-
sive paragraph for more detailed information on
weed control).

8.3.4 Planting

The choice of the most suitable time for planting
is in relation to the state of preparation of the
soil and the seasonal conditions, which should
be planned and organized carefully. If the nurs-
ery supplies bare-rooted plants, the ideal time

Fig. 8.2. Ridges in a clay soil covered with black polyethylene mulch. (Photo: Giuseppe Ferrara.)
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Fig. 8.3. Inter-rows with natural permanent sod. (Photo: Alimohammad Yavari.)

for planting is late winter or early spring, as
soon as the risk of frost is overcome, generally
from the beginning of February to mid-March
in the northern hemisphere, and from August
to September in the southern hemisphere. If the
nursery supplies the plants in pots, planting can
instead — theoretically — be done at any time of

year, but it is advisable to avoid the full summer
in case of water stress problems. Before plant-
ing, it is necessary to prepare planting holes
of at least 20X 20 X 20cm size. At the time of
making the holes the soil must not be too wet,
because the soil on the hollow wall could com-
pact and prevent the development of the roots of

Fig. 8.4. Ridges and inter-rows with sod before mowing. (Photo: Giuseppe Ferrara.)
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Fig. 8.5. Pomegranate saplings with stakes and
protectors. (Photo: Ali Sarkhosh.)

the young plants outside the hole. Plants require
irrigation immediately after transplanting in or-
der to reduce the planting stress and the drying
of the roots. It is advisable to use stakes and plant
protectors at the moment of planting (Fig. 8.5).

8.4 Planting Density

One of the positive aspects of pomegranate is the
earliness with which the plants bear fruit. In the
second year, the first fruits can be harvested. As
a consequence, one of the problems with the es-
tablishment of the orchard is the tendency of the
young branches to bend down, preventing the
regular and optimal formation of the plant struc-
ture. For this reason, it is common practice to tie
the branches to supports or shorten them with
adequate pruning in order to strengthen them.
Because of the heavy fruit load once the trees be-
come established, it is often necessary to support
the branches by employing special wood/metal
structures, as in the transversal Ypsilon (Fig. 8.6),
and with horizontal wires supported by poles

Fig. 8.6. Young Ypsilon orchard. (Photo: Vito
Vitelli.)

(Fig. 8.7). In commercial orchards, the optimal
distances between plants need to be defined and
optimized and may show some variability. The rec-
ommended plant density is between 500 and 750
plants/ha (Cossio and Vitelli, 2018).

In the transversal Ypsilon trellis, traditionally
adopted in Israel, the planting layout is 6 m space

Fig. 8.7. The metal structure of the Y-trellis.
(Photo: Alimohammad Yavari.)
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Fig. 8.8. Orchard spacing in vase training. (Photo:
Ferdinando Cossio.)

between the rows X 3.5 m space between trees on
therow, but can bereduced to 6 X 3mor 5 x 3mor
4.5 x 2 m depending on the variety, soil, etc. Some
fruit growers adopt the so-called ‘variable layout’
planting to obtain higher production in the early
years; successively, alternate plants are removed,
in order to reach the final distances (5% 4m). In
the ‘vase’ training system, tree layout is 5.5 % 3m
or 5.5 % 3.5m; however, spacing of 5X 3 and 6 x4
m are also adopted (Fig. 8.8). In all training sys-
tems, the tree height should not exceed 3 m to fa-
cilitate harvesting and pruning operations.

Planting density should be chosen in the
appropriate way for several reasons: sufficient
sunlight to penetrate into the canopy since
light is essential for fruit to ripen properly; ad-
equate aeration between the trees to reduce
phytosanitary problems; and efficient move-
ment of tools, machinery and people during
cultivation practices (pruning, harvesting).
In some areas, planting is at higher densities
(3x2m), with some success in moving to-
wards a superintensive system such as is used
for other fruit crops.

North—south orientation is recommended
for the rows, because the sun moves across the
sky from east to west, and a north—south row
orientation captures maximum sunlight and
allows for even light distribution across the or-
chard. However, the penetration of light in the
inter-row depends on the distance between the
rows and the distance between plants on the
row. A square or rectangular system of planting
is well suited for pomegranate.
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8.5 High-Density Plantations and
Management

High-Density Planting (HDP) is a method of
fruit tree cultivation involving dense planting
of fruit trees, allowing small or dwarf trees with
a modified canopy for better light interception
and distribution and ease of mechanized field
operation. HDP gives higher yield and returns/
unit area due to increased number of trees/unit
area. It is possible, by regular pruning and use
of bioregulators, to maintain the size and shape
of trees.

In recent years, in California and other
countries, growers have been willing to grow
pomegranate trees as fruiting walls in the same
way as pome and stone fruits. A vertical canopy
development that rejects traditional multidi-
mensional tree development (the natural habit
of pomegranate) in favour of dense, flat canopies
(Day and Wilkins, 2011) could be an alternative
for growing pomegranate trees (Fig. 8.9). These
fruiting walls are developed by narrow pruning
and hedging, thus increasing tree density. The
higher plant density can decrease the time re-
quired to reach profitable yield when compared
with lower densities (open vase or Ypsilon).
Concentrating the pomegranate trunk, scaffold
or branch growth into a zone that can be more
easily pruned, sprayed, thinned and harvested
has potential for improved efficiency and mim-
ics the approaches already deployed for apple
and pear production in many countries of the
world (Day and Wilkins, 2011) and recently also
developed for olive, sweet cherry and almond.
Vertical wire trellises fit well within the context
of the fruiting wall strategy. It is possible to ei-
ther use vase multiple trunks or single trunks in
a fruiting wall approach, but these forms would
seem less apt to garner many of the benefits as
quickly or easily. However, in a very high-density
orchard the production could be unsatisfactory
due to lack of light, with fruits that tend to form
only in the upper and outer part of the canopy,
the colour and size of the fruit are generally not
optimal and there are difficulties in the applica-
tion of pesticides.

Plants of the cultivar Mridula trained to
ultra-high density planting (3X2m) treated
with some plant growth regulators (PGRs)
showed impressive results (Shanmugasundaram
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Fig. 8.9. High-density orchard. (Photo: Ali
Sarkhosh.)

and Balakrishnamurthy, 2017). The application
of 1-naphthaleneacetic acid (NAA) at 10 ppm +
gibberellic acid (GA,) at 50 ppm in this intensive
training system increased the fruits per plant
(65.11 fruit), average fruit weight (272.5g),
fruit volume (290 cc), fruit length (7.7 cm),
fruit diameter (7.9 cm), number of arils per fruit
(670), total aril weight per fruit (186.2¢g), 100-
aril weight (25.85¢g), aril recovery (25.85%),
total seed weight (20.23g) and fruit yield/
plant (17.74kg) with respect to control treat-
ment (water application) (Shanmugasundaram
and Balakrishnamurthy, 2017). With regard
to quality parameters, application of GA; 50
ppm + KNO, 1% increased total sugar (8.01%),
reducing sugar (7.35%), total soluble solids

(16.2%) and anthocyanin content (18.85%).
Three sprays of NAA at 10 ppm + GA, at 50 ppm
starting from 150 days after pruning at 30-day
intervals resulted in the highest yield attributes,
whereas the quality attributes were ameliorated
by application of GA; at 50 ppm + KNO, 1%
(Shanmugasundaram and Balakrishnamurthy,
2017).

In India pomegranate cultivar ‘Bhagwa’ is
planted at a spacing of 4.5 X 3.0m. However,
there are different HDP systems that adopt vari-
ous spacings, as mentioned in Table 8.1.

8.6 Time of Planting

Pomegranates are usually planted in late win-
ter or at the beginning of spring. The best
months in the northern hemisphere are from
December to February, whereas in the southern
hemisphere it should be done from August to
September. Pomegranates can also be planted
later in the spring season when taken rooted in
pots from the nursery (Fig. 8.10), but an early
planting is preferred to optimize the length of
the growing season in particular in cool areas.
Late planting times reduce the length of the
growing season, in particular for young and
small pomegranate plants, which need more
time to develop shoots, new roots and accumu-
late reserves.

Table 8.1. Planting ‘Bhagwa’ at different spacings in India.

Spacing Row-row distance (m) Plant-plant distance (m) Area occupied by a plant (m?) Density/ha
5x5m 5 5 25 400
5x4m 5 4 20 500
5x3m 5 3 15 666
5x25m 5 25 12.5 800
5x2m 5 2 10 1000
4 x4m 4 4 16 625
4%x3m 4 3 12 833
4%x25 4 25 10 1000
4%x2m 4 2 8 1250
3x3m 3 3 9 1111
3x25m 3 25 7.5 1333
25x25m 25 25 6.25 1600
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Fig. 8.10. Potted pomegranate trees in the
nursery. (Photo: Alimohammad Yavari.)

8.7 Variety and Rootstock Selection

Growing the right varieties in the region to
meet the market demand is a critical decision.
Many pomegranate cultivars and landraces
are cultivated in the world-growing regions
(for more information, refer to Chapter 5).
DNA marker analysis indicates that landraces/
varieties cultivated in some countries (Italy,
Israel, Turkmenistan, the USA, Japan) appeared
less similar concerning the accessions within
the same country than between countries
(Giancaspro et al., 2017). Using rootstock in
pomegranate is not common, although in some

Table 8.2. Rootstocks used for pomegranate in
India.

Biotic/abiotic
S.no stress Rootstocks
1 Bacterial blight  1C-1181, IC-1253,
IC-1256, IC-1259,
IC-1272
2 Salinity 1C-318706, IC-318707
3 Fruit cracking 1C-318712
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parts of India different genotypes of rootstocks
for different purposes (Table 8.2) may be used for
grafting/budding.

8.8 Post-Planting Care

The period post-planting is a very difficult and
delicate one. Poor attention devoted to either
water and nutrient requirements or pest care
of the young and growing pomegranate plants
can have negative consequences for pomegran-
ate orchard establishment (long juvenile phase,
increased costs, death of young plants, etc.).
Staking of the young plants is done during or
soon after planting. Usually, a bamboo (wood)
pole of 1.5-2m in length is used for staking the
plants. The main growing shoot is tied with the
bamboo pole with the help of a coir rope/jute
string. Staking helps the plants to grow straight
and protects the plants from bending of the can-
opy due to the velocity of the wind. A tree tube or
guard around the young plants is recommended
to protect them from animal browsing, extreme
temperatures and herbicide drifts (Fig. 8.5).

8.8.1 Irrigation

Irrigation is done immediately at the time of
planting to keep the rhizosphere moist. Then,
regular irrigation is provided using a drip/
microsprinkler irrigation system. In the early
stages of root development, the pomegranate
root system occupies only a small portion of
the soil, in particular in the case of small rooted
plants in pots. In these early stages, the amount
of water required is limited, but the frequency
of irrigation should be high, since these young
plants are less able to face water scarcity during
the vegetative season. Irrigation is necessary to
stimulate the development of a good and exten-
sive root system. Initially, irrigation may be pro-
vided using a single drip-tape or drip-pipe with
two drippers placed on either side of the pome-
granate trees and microtubes or a microsprin-
kler about 30 cm from the trunk attached to the
pipe (Fig. 8.11). In some climatic conditions (hot
climates) two irrigation pipelines can be used.
One or two irrigation pipelines can be positioned
beneath the mulching material or even above it.
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Fig. 8.11. Single irrigation pipeline. (Photos: Vito
Vitelli and Alimohammad Yavari.)

As the canopy size increases, the drippers may
be placed away from the plants, as direct trick-
ling of water on the root surface may increase
the chance of wilt disease such as phytophthora
crown rot. Use of drip irrigation should be pre-
ferred to other systems and emitters should not
be too close to the collar of the tree to avoid ex-
cessive moisture (to avoid fungal diseases) and
stimulate root growth to reach the water (for
more information, refer to Chapter 10).

8.8.2 Nutrition

Mineral nutrition is necessary for optimal plant
growth. In the establishment years, it is funda-
mental to supply nitrogen for the development
of the shoots, and nitrogen is generally applied
in spring in order to be readily available to the
root system for plant growth. Mineral nutri-
ents require a localized application because of
the small development of the root system and
their application through fertigation is preferred
when possible (for more information, refer to
Chapter 9).

8.8.3 Weeds and wind

In the first years, competition of young pome-
granate trees with weeds can be extreme
(Fig. 8.12). Young pomegranates have a small
root system and weeds growing close can com-
pete for nutrients and water. Growth of weeds on
the row should be controlled by using mulching

Fig. 8.12. Weeds mowed in the inter-rows and
competing with pomegranate trees on the row
(top), mulching on the row and tillage in the inter-
rows (below). (Photos: Giuseppe Ferrara and Vito
Vitelli.)

materials or mowing or herbicides. In order to
avoid breakage of the young trees caused by the
wind, support poles can be used to sustain the
first steps of the establishment, in particular in
windy areas.

8.8.4 Pests and diseases

In the early years, shoots and leaves need to de-
velop well in order to establish a good orchard.
Registered pesticides must be used to protect the
young trees from pests and diseases. Although
pomegranate is considered a resistant species,
the following pests are reported to cause finan-
cial loss to pomegranate trees: aphids (Aphis
punicae, Aphis gossypii), leopard moth (Zeuzera
pyrina), moths (Cryptoblabes gnidiella, Cydia
pomonella), Mediterranean fruit fly (Ceratitis
capitata), mealybugs (Planococcus citri), fungi
(Phytophthora spp., Pilidiella/ Coniella granati),
thrips (Scirtothrips dorsalis), fruit and leaf spots
(Colletrotrichum/Gloeosporium gloesporioides,
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Gloromella cingulata, Sphaceloma/Gloeosporium
punicae, Alternaria spp., Cercospora punicae,
Xanthomonas axonopodis pv. punicae), rot (Botrytis
cinerea, Penicillium spp., Pilidiella granati), black
heart (Alternaria spp., Aspergillus niger), anthrac-
nose (Colletotrichum gloeosporioides), etc., (for
more information, refer to Chapters 12 and 13).

8.9 Training Systems

8.9.1 Multiple trunks

Pomegranate is basically a deciduous tree; how-
ever, it can behave as deciduous, semi-deciduous
and evergreen in temperate, subtropical and
tropical climates, respectively. Looking into
the fruiting behaviour and growth of trees, an
open centre or vase-shaped training system can
be followed to develop a suitable framework for
optimum growth, flowering and fruiting. Well-
grown saplings of 5-6 months old may be plant-
ed and three or four healthy suckers arising from
the ground level can be kept, and the extra ones
should be removed. These suckers can develop a
proper canopy within a 2-year period. Thus, this
system allows three or four strong stems with six
to eight fruiting branches for producing quality
fruits from the third year of planting.

In some countries, pomegranate trees are
trained as bushes with many stems arising
from the ground, a sort of multi-trunk system
following the natural tendency of this species.
The multi-trunk system (Fig. 8.13) favours the
maximum development of tree canopy and re-
sults in a bush-like appearance; broken trunks
can be regrown from the crown or adjoining
trunks to replenish the productive canopy, and
provide some indemnification against frost
damage (LaRue, 1977). This training system
should be avoided in commercial orchards
because of many problems for the different
horticultural practices (pesticide application,
harvesting, pruning, machinery movement,
etc.). The feature of this training system is
mainly an increased number of trunks in the
orchard and some assume a consequent high-
er number of fruits. A four stem multi-trunk
training system resulted in the highest yield un-
der Solapur conditions compared with single-,
double-, triple-, five- and more than five-stem
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Fig. 8.13. Pomegranate tree trained as multi-
trunk. (Photo: Ali Sarkhosh.)

(control) systems. However, drawbacks of the
multi-trunk training system are numerous
and include factors such as more suckers for
trimming and time needed for pruning; diffi-
culty in supporting fruiting branches to avoid
excessive bending or breaks; difficult harvest-
ing and longer harvesting time; low level of
mechanization; and lower marketable fruit
rate. Although the bush or multi-trunk train-
ing systems are the natural growth habit of the
pomegranate, these systems can be adopted in
small-scale orchards, backyards, parks and
gardens. However, the multi-trunk system is
widely adopted for cultivation of pomegranate
in countries like India, Iran, Afghanistan, etc.

8.9.2 Single trunk

This training system is advantageous over the
multi-stem training system for production of
larger numbers of better-grade fruits for fresh
market. This system is practised by relatively
few farmers around the world and can be seen
in countries like Israel, Spain, Italy and the
USA. It facilitates easy intercultural operations.
However, pomegranate is susceptible to shot
hole borer and stem borer under tropical condi-
tions, and trees with a single-stem training sys-
tem are at the risk of wilt disease.
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Fig. 8.14. Removal of sucker and water sprouts in
a single trunk trellis. (Photo: Ali Sarkhosh.)

The single-trunk strategy with a tree like
pomegranate, which has a bush-type habit,
requires significant management for branch
development. Delays in production capac-
ity often occur while the trunk is grown to a
sufficient diameter to bear total tree crop load
on scaffolds and branches (Day and Wilkins,
2011). The benefits of this system include
the ease of sucker and water-sprout removal
(Fig. 8.14) and the efficiency with which farm-
ing practices can be made close to the treeline
(lower labour hours). In this training system a
higher level of mechanization can be applied
(pruning, harvesting, pesticide and foliar ap-
plications, etc.) and quality of fruit is gener-
ally higher than in the multi-trunk system.
Suckering in a single-trunk system can either
be done manually through removing by pulling
(when shoots are not lignified yet), or cutting
with pruning shears, or chemically, since low-
er branches and canopy are removed in a pro-
cess referred to as skirting (Day and Wilkins,
2011). However, care must be used when us-
ing chemicals in order to avoid toxicity to the
young pomegranate trees. The single-trunk

system also offers better penetration of sun-
light into the inner layers of the canopy and
water sprouts can be easily trimmed manually
(green and soft tissues) or mechanically. Some
drawbacks include the need for use of support
systems (wires, poles, bars, etc.) necessary to
sustain the fruit load (higher establishment
costs) and avoid breaks and the higher number
of trees to be planted in the orchard (trees/ha).
The most common and traditional tree train-
ing for the single-trunk system is the open cen-
tre with some variants.

8.9.3 Open centre training systems
(Spanish system)

As mentioned above, the presence of a single
trunk compared with the multi-trunk training
system reduces the summer pruning opera-
tions because of the lower number of suckers.
The vase, with a single trunk and a rounded
canopy, is adopted in Spain for cultivars such
as ‘Mollar’ and ‘Valenciana’ (Fig. 8.15) and

Fig. 8.15. Trees of ‘Mollar’ in Spain. (Photos:
Alimohammad Yavari.)
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Fig. 8.16. Open centre system in Tunisia. (Photo: Vito Vitelli.)

also in other countries of the Mediterranean
basin (Italy, Greece) with some variants de-
pending on the location (Fig. 8.16). The free
vase is the training system resembling that
of other fruit species, with a single trunk and
three or four branches. Growing pomegranate
as a single trunk with a height of 50-80cm
and split into four to six primary scaffolds
facilitates the management of the soil un-
derneath the tree and other horticultural
practices. In the first years after planting it
is necessary to support the young trees with
horizontal wires. For training the tree as open
centre, the shoots from the trunk need to be
selected and either headed back or thinned
during the winter pruning in the first years of
shaping. It is a training system with low cost
because it does not require supporting struc-
tures, but sunburn or mechanical damage to
fruits (scratches) or shoots (breaks) can be
significant.
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8.10 Modern Orchard Systems (Y, T
and Central Leader)

The most innovative training system for pome-
granate is the system that has a transversal Y-
shaped structure, with a 3.5m space between
trees on the row and 6 m space between rows
(Fig. 8.6). It is an expensive system to install
but very valid in modern orchards, which al-
lows forming an expanded canopy with a large
production area (Fig. 8.17) and, above all, sig-
nificantly reduces sunburn and mechanical
damage (Cossio and Vitelli, 2018). Pomegranate
is a species suitable for different shape and train-
ing systems since it can continuously produce
new shoots because of its natural bushy grow-
ing habit. Because of this habit, other training
systems have been adopted in the past decade for
the cultivation of pomegranate in various areas
of the world, and some of them are described
below.
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Fig. 8.17. Positioned and tied branches in the
Y-trellis. (Photos: Vito Vitelli.)

8.10.1 Y-trellis

Thistraining system has a single trunk with 6-12
branches positioned as an upside-down umbrel-
la or in a double-inclined wing (Fig. 8.17). This
system requires poles and horizontal wires in
order to sustain the canopy (Fig. 8.17) and has
gained increasing popularity in modern pome-
granate orchards (Atzmon, 2015). In Israel, the
system is made of Y-shaped, 40-mm-thick metal
bars with a distance between the bars of 10 m in
the row (Fig. 8.18). On each arm of the Y there
are three metal wires, 3mm thick and 0.5m
spaced. The splitting of the Y is at the height of
1.2m,the total height is 1.8 m and the width
of the bar is 3m (Atzmon, 2015). This system
has many advantages compared with the tra-
ditional training system (multi-trunks): almost
no broken branches (20% in traditional); lower
fruit temperature and less direct sun exposure
(Fig. 8.19); better fruit quality (i.e. sunburn,
scratches, colour, etc.); fewer damaged fruits (20
vs. 50%); higher yield (40—60 vs. 20-40t/ha);
easy and effective in the application of pesticides;

and better accessibility for desuckering, pruning
and harvesting (Atzmon, 2015).

8.10.2 Central leader training systems

There are several trellis systems belonging to
this type, such as the fuse, the pyramid and
the spindle. These systems can be adopted in
the case of high-density plantations for better
management of the fruiting wall. There is a con-
tinuous main stem with branches distributed at
different heights, which form the canopy (fuse,
pyramid, etc.).

8.10.3 Espalier training systems

The tree structure is created in two dimensions
and the main trunk is tied to the wires of the
supporting structure. The shoots are fastened to
training wires and can be horizontal or bent, ei-
ther regular or irregular. The canopy is continu-
ous and vertical, similar to the Palmette training
system in stone fruit species.

8.10.4 Pergola training system

In this trellis system, the trees form a continuous
horizontal canopy with a single trunk and the
branches and shoots in the higher part; this trel-
lis also requires poles and wires for supporting
the horizontally developed canopy (Fig. 8.20).

8.11 Effects of Training System and

Planting Density on Yield

In many fruit crops, such as apple, pear and
grape, much is known about the effects of the
training system on yield and related parame-
ters, but such information is lacking in the case
of pomegranate (Gill et al., 2011). The yield of
pomegranate is influenced by the training sys-
tem adopted in the orchard. Aliev (1979) re-
ported the maximum number of fruits per tree
was achieved when pomegranate trees were
trained to a multi-trunk system. Another work
also reported a positive effect on yield with the
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Fig. 8.18. Y-trellis in winter. (Photo: Ferdinando Cossio.)

multi-trunk training system (Balasubramanyan
et al., 1997). Training systems favouring light
penetration in the canopy can stimulate pho-
tosynthetic activity during the fruit growth pe-
riod and might increase yield (Durand, 1997).
In a more recent trial conducted in India for 3
years (2006-2008), data showed that the train-
ing system influenced the number of harvested

Fig. 8.19. Fruits in the Y-trellis. (Photo: Giuseppe
Ferrara.)
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fruits with a significantly higher number of
fruits harvested from multi-trunks and single-
trunk 30cm height-trained trees compared
with single-trunk 45cm height-trained ones
(Gill et al., 2011). Moreover, the highest yield
and the biggest fruits were obtained with the
multi-trunk trellis, followed by single-trunk
15cm height. However, training systems also
had inconsistent effects on fruit quality (Gill
et al., 2011). Although some positive aspects
have been reported for multi-trunk training in
India, there are some negative aspects that have
been reported that limit use of this training sys-
tem in modern orchards (pruning, harvesting,
mechanization, etc.) in other countries of the
world (Israel, Spain, Italy, the USA). However,
the quality of fruits was found to be higher in
the single-stem training system than for the
multi-trunk system. Hence, for export purposes,
a single-stem training system may be advanta-
geous, whereas for the domestic market and
juice production four-stem training (multi-
trunk) system might be advisable.
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Fig. 8.20. Pergola-type system (left) in summer, and (right) winter. (Photos: Vito Vitelli.)

8.12 Pollination and Pollinizer

Pomegranate flowers develop into either her-
maphrodite or staminate flowers. Staminate
(male) flowers are bell-shaped, with a poorly de-
veloped atrophied ovary containing few ovules,
and are infertile. These flowers senesce without
fruit set. Hermaphrodite (bisexual) flowers are
vase-shaped with a normal ovary capable of
developing fruit (Holland et al., 2009). In addi-
tion, a minor form of intermediate flower has
also been reported (for more information, refer
to Chapter 2). They are tubular in shape and on
rare occasions they set malformed fruits (Babu,
2010). Pollen germination in fertile and infertile
flowers of pomegranate under in vitro culture in
different media ranged from 34.88 to 60.07%
and from 26.27 to 45.73%, respectively (Eshghi
et al., 2010). A medium containing 5 mg/l boric
acid without molybdic acid had the highest pol-
len germination percentage of fertile (60.07%)
and infertile flowers (45.73%). Flower reten-
tion, pollen formation, pollen tube growth or
germination are affected by the nutrient boron
(Camacho-Cristobal et al., 2008; Héansch and
Mendel, 2009).

8.13 Canopy Management
8.13.1

General considerations

Canopy management for pomegranate is a cul-
tivation practice adopted in both traditional

and modern orchards. It is important for grow-
ing trees because of the canopy microclimate,
which affects several aspects such as flower dif-
ferentiation, fruit yield and quality, and disease
incidence. Canopy management is necessary to
improve light and air in the canopy in order to
optimize the growth of the shoots and the rip-
ening of the fruits but also to reduce diseases.
The canopy of a pomegranate tree includes the
shoots and the leaves distributed in the surround-
ing space according to the different training sys-
tems adopted (from multi-trunk to single-trunk
systems). In high-density orchards, canopies are
almost continuous, whereas in traditional or-
chards the canopies are separated from each oth-
er and thus defined as discontinuous. However,
canopy management includes many techniques
applied in the pomegranate orchard, the most
important including summer and winter prun-
ing. Canopy management may also include the
shoot positioning technique (with wires and
poles), which is applied for many new training
systems (Y-trellis) in order to facilitate produc-
tion, phytosanitary treatments and harvesting.
In general, any cultivation technique aiming at
modifying the position, size and the number of
shoots within the canopy can be considered as
part of canopy management. These changes
tend to modify the canopy microclimate, which
is the climate within and in close proximity to the
canopy. The canopy microclimate is influenced
by several factors apart from cultivation tech-
niques, such as sunlight, temperature, humidity,
wind, rainfall, evaporation, etc.
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Fig. 8.21. Orchard netting to reduce fruit sunburn.
(Photo: Ali Sarkhosh.)

8.13.2 Sunlight and temperature

The sun’s radiation, essential for plant photo-
synthesis (photosynthetically active radiation,
PAR) is within the range of 400-700nm and
is abundant at the external part of the canopy.
Values decrease in the inner layers of the canopy
with possible consequences for flower bud differ-
entiation (number of flowers and sex ratio). This
should be kept in mind for training systems such
as the multi-trunk system.

The sun’s radiation affects both leaf and
fruit temperature, especially in the case of sun-
exposed organs. Excessive sun exposure can
cause sunburn on the fruits leading to exterior
(brown skin) and interior alterations (white
arils), which cause a loss of the commercial
product. The excessive temperature on the
fruit can cause poor colouration of the skin.
Photoselective netting, kaolin application, evap-
orative cooling and bagging of the fruits can be
used to prevent sunburn damage in pomegran-
ate fruit (Fig. 8.21).

8.13.3 Humidity

An increase of humidity within the canopy is
caused either by transpiration of leaves or fruit-
lets, in particular in the case of dense canopies
of high-density pomegranate orchards (superin-
tensive systems). High humidity may favour the
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spread of some pests and diseases in pomegran-
ate trees.

8.13.4 Wind

Wind increases the evapotranspiration of
plants, and also high-velocity winds may cause
the breakage of shoots and damage to the fruits.
Wind velocity can be reduced by the use of
windbreaks where prone to it. In general wind
velocity is reduced in the middle of dense pome-
granate canopies because of the presence of
different plant organs, thus reducing also the
transpiration in the inner layers.

8.13.5 Transpiration

As mentioned above, the solar radiation inten-
sity in the inner canopy is lower compared with
the outside, and this lower value reduces tran-
spiration from leaves and fruits located in the
middle of the canopy. In general, external leaves
are more stressed than the internal leaves be-
cause of the difference in the transpiration rate.

8.13.6 Rainfall

Plants can catch part of the falling rain within
the canopy, thus either reducing the amount
and speed of rainwater reaching the soil beneath
the canopy, or increasing the humidity in the in-
ner canopy.

8.13.7 Effects of canopy management
on tree productivity

Canopy management has significant effects on
yield and quality of pomegranate fruits. When
considering the leaf area exposed to sun, it is
clear that a greater area means a higher yield
because of the greater amount of photosyn-
thesis accomplished by the leaves. However,
there is also a potential effect of light on bud
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differentiation, with more flower buds in the
external canopy and a lower differentiation in
the internal layers. In this latter case, reflective
mulches are often used in order to increase sun-
light in the middle/inside of the canopy for bet-
ter effects (Fig. 8.19) on buds (differentiation)
and fruits (ripening). A balance of light and nu-
trient interception can also be pursued with two
important practices for pomegranate: desuck-
ering and removal of water sprouts. Almost all
the varieties of pomegranate can produce many
suckers (Fig. 8.22) during the season, which
need to be removed to reduce competition for
the nutrients, in particular in young pomegran-
ate orchards during establishment. Removal
of water sprouts or excessive vigorous shoots
can help to maintain a balanced canopy space
between fruits and shoots by reducing unfruit-
ful and sucking branches. Shoot removal and
desuckering should be performed early in the
season in order to either facilitate the operation
(green and soft tissues) or to reduce the competi-
tion for water and nutrients. Shoot positioning
is currently adopted in modern pomegranate
orchards in order to better sustain the shoots
carrying lots of heavy fruits and facilitate the
penetration of sunlight into the internal canopy.
In vase-trained or multi-trunk training systems
shoot positioning is generally not adopted, and
the consequence is the bending or breaking of
many branches.

All the operations of canopy management
tend to reduce the density of the vegetation in
order to favour more sunlight in the inner lay-
ers; increase air movement and balance the

Fig. 8.22. Suckers in summer. (Photo: Vito Vitelli.)

humidity; increase flower bud differentiation;
improve fruit ripening; reduce incidence of dis-
eases; and promote easier harvesting and other
cultivation practices.

8.14 Types of Pruning

8.14.1 General considerations

Pruning is a complex task of cutting opera-
tions to regulate the growth, development
and production of the tree. Pruning is a cul-
tivation practice dating back to thousands of
years ago, such that it is reported in the Greek
and Latin texts as an essential horticultural
practice in the orchard for obtaining an almost
constant yield. The main objective of pruning
is to achieve better results in terms of yield and
quality or, in the case of ornamental pome-
granates, better aesthetic results. Pruning in-
cludes a very large and diversified number of
operations involving the aerial organs and the
root system, performed both during rest (dor-
mancy) and the vegetative season (Igles et al.,
2002). Pomegranate has been always consid-
ered as a minor fruit such as loquat, prickly
pear, etc. and little attention has been devoted
toits horticultural practices such as pruning; as
a consequence, pruning techniques commonly
adopted for other important fruit species (stone
and pome fruits) have also been used for pome-
granate with no particular considerations of
the vegetative and productive behaviour of this
species. However, in later years the growing
interest in pomegranate cultivation increased
activities to ameliorate some horticultural
practices in order to develop the best training
systems for the species. Pruning is necessary
for shaping the tree in the orchard to reach its
final tree shape, and to regulate both vegeta-
tive and productive activity with respect to soil
and climatic conditions, cultivation practices
and production goals. The recent development
of more superintensive planting for this almost
forgotten species has not yet allowed the defini-
tion of the best pruning system. It should not
be forgotten that the pomegranate is naturally
a bushy species and its canopy form must also
be adapted to the specific area or cultivation
region, considering the optimization of the
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canopy and its vegetative—productive balance,
and taking into account the different cultivars
and the pruning experience of the workers of
each region.

8.14.2 Winter pruning

Pruning can be split into winter pruning or sum-
mer pruning. The first one is generally carried
out during the dormancy period, whereas the
latter is done during the growing season and is
also defined as green pruning. The winter prun-
ing of the tree is necessary to: create a strong
and robust structure; have the right shape for
the different training systems adopted; inter-
cept the light and ensure there is air circulating
within the canopy; stimulate vegetative activity;
facilitate the application of pesticide; produce
fruits of good quality and size; reduce alternate
bearing; and balance the aerial and the root sys-
tems. The right light intensity is fundamental for
the optimal vegetative—productive activity of the
tree. Shaded leaves are not able to produce the
optimal amount of photosynthates necessary to
sustain shoot and fruit growth. Shaded leaves
have a negative balance since they catabolize
more photosynthates than they are able to syn-
thesize. The optimal availability of light also acts
positively on the formation of flower buds and
fruit ripening (i.e. colour) (Fig. 8.19).

There is not much information available
on pomegranate winter and summer pruning
compared with other fruit crops such as grape,
peach or apple. However, a little information
is available on the new training systems and
the behaviour of recently introduced varieties,
in terms of data on qualitative, technological
and health aspects (Pontonio et al., 2019). In
the case of pomegranate, particularly scarce
information is available on the vegetative—
productive balance and appropriate canopy
management. Heavy or light/absent pruning
can have different effects: in the absence of
pruning, there is an increase of small shoots,
whereas intense pruning stimulates the strong
growth of the shoots, in particular, water
sprouts (Chakma, 2014).

Winter pruning can be accomplished for
trellising in the first years (pruning of young
trees) and then for production (pruning of
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mature trees). Trellis pruning is performed in
2-3 years in order to achieve as soon as pos-
sible the final trellis to be kept in the orchard.
Once the tree has achieved the final shape,
pruning should be done each year to regulate
vegetative and productive activity. In the past,
when pruning was very light or almost incon-
sistent for pomegranate, the trees were easily
trained to multi-trunks or were better known
as bush-shaped trees. Now this system is not
generally adopted in modern mechanized or-
chards where single-trunk systems are com-
monly adopted.

Time of pruning can also affect some pa-
rameters in pomegranate production. A trial in
India on ‘Ruby’ cultivar indicated that yield and
time of harvesting were optimal when pruning
was done at the earliest date of 15 November.
Later pruning dates decreased production and
delayed harvest time. Fruit quality was also
highest on trees pruned at the earliest date (fruit
weight, TSS, reducing sugars and sugar/acid ra-
tio); however, late pruning times improved the
skin colour of the fruits (Ghosh et al., 2012). In
the northern hemisphere winter pruning can
be done sometime during January, February or
March, and in the southern hemisphere it can
be done during June, July or August, depending
on the climate conditions —the colder the winter,
the later the pruning.

8.14.3 Summer pruning

Summer pruning aims to: keep the trellis and
the size of the tree; control the vigour of the
tree (trimming/heading of shoots and water
sprouts); regulate the canopy microclimate
(leaf removal); increase carbohydrates and
nitrogen content in the fruiting shoots (des-
uckering); and improve the fruit quality (fruit
thinning, girdling). In California, pre-harvest
summer pruning is typically accomplished by
removing non-fruiting shoots and suckers from
the middle of the canopy (Day and Wilkins,
2011). The increase of light in the canopy
stimulates the development of the exterior skin
red colour, and sometimes fruit size can be im-
proved slightly since photosynthetic activity is
enhanced on newly illuminated leaves adja-
cent to fruit, so they are better able to transport
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photosynthates to the nearby growing fruits
(Day and Wilkins, 2011). Girdling consists of
removing a ring of bark (phloem tissue) from
shoots (interruption of the phloem vessels) to
restrict the movement of assimilates from the
aerial portion of the tree to the basal portion
(trunk and roots), so the sap flow is directed
to buds, flowers and fruits present above the
girdled zone. The phloem vessel interruption
is temporary (few days), and subsequently the
tree restores the vessels through the produc-
tion of a callus (Ferrara et al., 2014b). Girdling
may be performed after fruit set to increase
size, and also at the beginning of fruit ripen-
ing to improve fruit skin colour and advance
fruit maturation. Girdling reduced fruit split-
ting and improved quality in a trial conducted
on the cultivar ‘Manfalouty’ (Ahmed-Amin
et al., 2000). El-Kholy (2005) reported that
the use of girdling increased both carbohy-
drates and C/N ratio in shoots, similar to that
found by Abdel-Galil (2008). In particular,
desuckering together with girdling of 3 mm
increased fruit set, yield, reducing sugars and
TSS of ‘Manfalouty’ pomegranate, while non-
desuckering plus girdling of 9 mm decreased
yield and fruit quality over the season (Abdel-
Galil, 2008) probably because of the competi-
tion of suckers and the wider girdled zone to be
restored. The practice of desuckering, which
is fundamental for pomegranate, is helpful to
increase carbohydrates and nitrogen content
and C/N ratio in the fruiting shoots of pome-
granate cultivar ‘Manfalouty’ (Abdel-Galil,
2008).

8.14.4 Flower and fruit thinning and
vegetative growth (fruiting balance)

The non-bearing period of pomegranate trees
is about 1 year. Pomegranate plants put for-
ward blooms from 12-14 months after planting.
Though the farmers’ practice involves obtaining
a crop from 1 year after planting, scientifically/
physiologically it is not recommended as explained
in the following paragraphs. In order to maintain
the vigour of bearing trees and enhance orchard
longevity, mechanical/manual deblossoming is
advised at 1-year planting. In this method, nip-
ping of flowers is done by removing the flowers

emerging during the undesirable/unwanted pe-
riod. This helps to conserve the food reserves for
the next season and for shoot development. The
plants are allowed to flower and set fruits only at
the end of the second year or beginning of the
third year. As the tissue culture plants are vigor-
ous and precocious in nature, crop regulation for
onset of flowering and fruiting is done at the end
of the second year, in months 18-24. Flower and
fruit thinning is usually done by hand.

Fruit thinning is an important horticultural
practice for producing good sized pomegranates
for fresh consumption. A study conducted in
Iran on the cultivar ‘Malase Torshe Saveh’ with
different intensities of hand thinning (0, 10, 20,
30 and 40%), applied when fruitlet diameter was
about 30mm, showed interesting results (Jafari
et al., 2014). Mean fruit weight, length, diameter
and volume increased with increasing thinning
severity and fruit thinning generally increased
fruit quality (TSS and TSS/TA). Intense hand thin-
ning ameliorated skin fruit colour compared with
control non-thinned trees, probably because of
the increased leaf-to-fruit ratio (Jafari et al., 2014).
In general, fruit thinning increased commercial
value and marketability by increasing fruit qual-
ity; meanwhile, yield was almost unaffected in
all treatments (Jafari et al., 2014). Similar non-
significant effects of fruit thinning on yield have
been reported for ‘Jyoti’ pomegranate, when only
25 fruits/tree were retained after hand thinning
(Padmavathamma and Hulamani, 1996) and for
‘Manfalouty’ pomegranate (Hussein et al., 1994).
Fruit thinning intensity can be applied according
to market demands, since consumers are attract-
ed by big fruits but excessively large size should
be avoided because consumers can find these
fruits difficult to manage. In Spain, fruit thin-
ning is usually done in the first week of June and
is repeated after 20—30 days (end of June or early
July). Depending on the phenological stage of the
fruits at thinning and the crop load, from 7-8 to
12-15kg fruit/tree could be removed (Melgarejo
Moreno et al., 2010). Too many fruits on trees
may have a negative effect on the next season’s
yield (bud differentiation) and will also impact the
current season’s fruit size. To avoid this, thinning
of fruits can be performed 4—5 weeks after flower-
ing. It is also important to thin fruits in clusters as
fruit clusters usually create an ideal environment
for pests and diseases. A general rule will also be
to thin out the fruits borne on weak spurs, as well
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as deformed and damaged fruits. Generally, the
early flowers will result in the larger fruits, thin-
ning should be applied on the late fruits and a
warmer spring will enhance the development of
large fruits.

Deleafing is also a cultivation practice that
can be done a few weeks before harvest time, if
the lack of sunlight is an issue in the orchard
at that time of the season. Deleafing about 2-3
weeks before harvest will improve the evenness
of peel colour, increasing fruit marketability. It
should be applied by just removing a few leaves
on the branch (lateral, spur, etc.) where the fruit
is connected to the tree.

8.14.5 Intensity of pruning

The intensity of pruning depends upon several
factors such as: training system, cultivar, soil
and climatic conditions, irrigation, fertilization,
vigour and age of the tree, etc. The pruning can
be defined as light, moderate or severe depend-
ing on the amount of wood removed. Shukla
et al. (2007) defined the intensity of the prun-
ing for pomegranate using the reduction in the
length of the shoot, that is, light (25%), mod-
erate (50%) and intense (75%). Masalkar et al.
(2009) reported the effects of different intensi-
ties of pruning on canopy development, with
the greatest tree growth either for unpruned
or moderate pruning (both thinning and head-
ing back 30 cm shoots), while trees with intense
pruning and thinning of shoots showed a slight-
ly smaller canopy. The highest number of fruits
(81) was obtained with the treatment of 20 cm
heading back without thinning, whereas the
highest fruit yield (18.76 kg/tree) was recorded
with the treatment of 20 cm heading back but
with thinning (Masalkar et al., 2009). Chakma
(2014) reported, in a trial performed in India
on the cultivar ‘Kandhari Kabuli’, the notewor-
thy effects of different intensities of pruning on
several vegetative and productive parameters.
Heading back the shoots to 15cm in length in-
duced the longest shoot growth (56.34 cm) with
respect to heading back to 60cm (41.23 cm);
however, unpruned trees (control) reached the
highest height and the biggest canopy volume
(Chakma, 2014). The highest growth of shoots
was registered for heavily pruned trees, which
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can be attributed to the availability of nutrient
reserves for fewer vegetative points, because of
the removal of other competing shoots. Intense
pruning, that is, heading back to 15 cm, re-
duced fruit set, fruit drop and number of fruits/
tree compared with light (heading back to 60
cm) or no pruning (control). However, intense
pruning slightly reduced the yield/tree (7.88
kg) compared with light or no pruning (=10 kg),
but significantly increased fruit weight (=280
vs. 210g) with a more intense and uniform red
colour (Chakma, 2014). Heavy pruning signifi-
cantly increased size and weight of pomegran-
ate fruits (Masalkar et al., 2009). Intensity of
pruning also affected the organoleptic qual-
ity of pomegranate fruits, with the highest TSS
and ascorbic acid content and lowest TA for the
trees with the intense pruning (heading back
to 15cm) compared with trees with light or no
pruning at all (Chakma, 2014). This was prob-
ably because of a lesser number of competitive
sinks (fruits), the lower fruit load and higher
availability of photosynthates for the remain-
ing fruits. Light or no pruned pomegranate trees
(loading more fruits) showed lower fruit crack-
ing (1.7%) compared with heavy pruned tress
(2.5%), probably because big fruits absorbed
much more water and the skin was less elastic
than in small fruits (Chakma, 2014).

For weak cultivars, the intensity of prun-
ing should be high, whereas in the case of vig-
orous cultivars the intensity should be kept low
in order not to stimulate excessive growth of
water sprouts and suckers. Suckers and water
sprouts are the response of the tree to intense
trimming in order to retrieve, as soon as possi-
ble, the missing parts. A recent study conducted
in India revealed that heading back the fruiting
shoots to 15cm showed the best results in terms
of shoot extension (56.34 cm), fruit size (diam-
eter 8.66cm and length 8.65cm), fruit weight
(278.50g), marketable yield (10.25kg), TSS
(°Brix 13.60) and TSS/TA (42.10); good results
were also achieved by heading back to 30cm,
a moderate intensity of pruning (Sharma and
Singh, 2018).

Severe winter pruning on pomegranate
trees showed a decrease in the population of
both A. punicae and its natural enemies (Mdellel
et al., 2015). The intensity of pruning can also
affect rainfall reaching the soil in rainfed pome-
granate orchards because of the trapping of the
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water on leaves, branches and shoots (Hakimi
et al., 2018). A huge canopy is able to save and
use a significant amount of water in this way.
Decreases in tree height, canopy cover, crown
length and leaf area index (LAI) were correlated
with a significant increase in rainfall reaching
the orchard floor for intensity of 40% prun-
ing compared with the control (no pruning)
(Hakimi et al., 2018).

8.14.6 Pruning young trees

The pomegranate tree has elastic branches,
which allows growers to adopt different training
systems from vase to central leader or pergola.
The pruning for training of young trees aims to
give a better shape to the tree for each particu-
lar orchard. The main aspects to be considered,
when pruning young trees, are the following:
accordance with the tree habitus; stimulating
early production; stimulating light interception;
keeping the tree healthy; providing a strong scaf-
fold; and facilitating orchard practices (pruning,
pesticide treatments, harvesting, etc.). Following
these criteria will lead to the final trellis of the
tree, which will be kept during the whole life of
the orchard.

8.14.7 Pruning mature trees

Once the training system has been given to the
orchard, trees need to be pruned annually during
the dormant period. This type of pruning stimu-
lates the growth of fruiting shoots and avoiding
an excessive development of the canopy with wa-
ter sprouts and suckers. The dead, overlapping,
thin and broken shoots need to be removed with
this pruning in order to obtain a canopy with
optimal health and light interception. The main
aspects to be considered when pruning mature
and productive trees are the following: balancing
the vegetative and productive activities; delaying
the senescence of the tree with rejuvenation cuts;
elimination of damaged and dead parts; keeping
optimal light and air in the canopy; and making
horticultural practices easier. Here are the prun-
ing steps to be adopted from young to mature trees
in the case of two training systems, Ypsilon and

open vase, in a temperate-warm climate of the
northern hemisphere.

8.14.8 Y-trellis training system

In the first year, at the planting time of the trees
(winter), there is the heading cut at 50-60 cm
(February/March) from the collar of the tree
(Cossio and Vitelli, 2018) (Fig. 8.23a). Since
the tree is very delicate at this time, it is better
to use poles (12-14 mm) and horizontal wires
(80 cm above the ground) to support the young
trees. The Y-structure should be also placed at
this time together with the horizontal metal
wires (2-3 mm). In the northern hemisphere,
after bud sprouting (April/May), the basal
shoots are trimmed in order to have a free trunk
of 50-60cm high (Fig. 8.23b). The shoots are
subsequently (May/June—June/July) headed
(Fig. 8.23c¢) to stimulate the development of
several branches (6-12). The fruits in the first
year, if present, should be dropped, in order
to stimulate the vegetative activity and speed
up the training of the tree. In summer (June/
July—July/August), the upper shoots are tied up
around the tutor/pole to reduce the bending of
the branches (Fig. 8.23d). In the second year,
before bud opening, the shoots are thinned
to leave only the main branches (Fig. 8.23e),
which are subsequently tied to the horizontal
wires of the Y-structure (Fig. 8.23f). Summer
pruning is essential at this time of season ei-
ther for trimming or heading back some water
sprouts (10-15cm) in the basal part of the
canopy for the renewal of the vegetation; poor-
ly positioned water sprouts should be trimmed
leaving the ones to possibly be used as new
branches (Fig. 8.23g and Fig. 8.23h). Another
important operation to be done in summer is
desuckering because of the natural tendency
of pomegranate to develop many suckers.
Second-year fruits need to be thinned leaving
only a few to complete the training system of
the tree or can be completely dropped for better
development of the trellis (Fig. 8.23i). During
the third year the training system is generally
completed. There is the thinning of the shoots,
trimming either the weak and broken ones
or the vigorous ones; the remaining shoots
to be used as fruiting branches are tied up to
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Fig. 8.23. Pruning tree in Y training system. (a) Young pomegranate tree at planting tied to a pole and
cut at 50-60cm. (b) Young pomegranate tree before (left) and after (right) the trimming of basal shoots
in order to have a free trunk. (c) Heading of the shoots in spring—summer. (d) The upper shoots are tied
up around the pole in summer to reduce the bending of the branches. (e) Before (left) and after (right)
the thinning/heading back of the shoots. (f) The upper shoots are tied to the horizontal wires of the
Y-structure. (g) The water sprouts and shoots before trimming/heading back. (h) The branch after the
trimming/heading back of the shoots/water sprouts. (i) The fruits can be completely dropped or heavily
thinned. (j) The trimming/heading back of the shoots, either the weak and broken ones or the vigorous
ones. (k) Bending and tying the shoots to the structure. (Drawing: Mariarosa Mincuzzi and Giuseppe
Ferrara, adapted from Cossio and Vitelli (2018).)
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Fig. 8.24. (a) Mature Ypsilon trained pomegranate tree in winter. (b) Branches tied to wires. (Photos: Vito
Vitelli.)

the wires of the structure often after bend-
ing (Fig. 8.23j and Fig. 8.23k). Some water
sprouts can be used as new branches, and the
old ones are trimmed. In summer, desuckering
and trimming of some water sprouts should
be done (to reduce competition) together with
fruit thinning to obtain a good quality of fruits.
From the fourth year the tree has the final
shape and a generally good yield (20-30kg/
tree); from now onward it is important to carry
out a summer pruning practice (i.e. fruit thin-
ning, desuckering) for better quality fruits
(size, colour, shape, organoleptic properties),
and winter pruning to replace old branches
with new fruiting ones (Fig. 8.24a). It is im-
portant to control the water sprouts (thinning)
and renew the shoots both for vegetative and
productive aspects (Cossio and Vitelli, 2018).
The Y-trellis training system has the advan-
tage that it sustains the canopy with its metal
structure, in particular in the presence of a heavy
fruit load, because in traditional pomegranate or-
chards up to 20% of branches can break, where-
as with this system branches are tied to wires
(Fig. 8.24b) and can sustain the fruits with almost
no broken branches (Atzmon, 2015). This system
better protected the fruits of ‘Wonderful’ from
sunburn (shading) compared with traditional
trellising, when the internal temperature of sun-
exposed fruits can reach up 47°C, much higher
than that of shadowed fruits of 35°C (Atzmon,
2015). Moreover, this trellising system significant-
ly reduces the scratches on the fruits caused by
rubbing against shoots, thorns and branches. All
horticultural practices are better facilitated with

this system, such as the application of pesticides,
which is more efficient, fruit thinning, pruning or
harvesting. Fruit quality and yield of ‘Wonderful’
(Atzmon, 2015) are improved when trellising the
trees with wires and poles compared with tradi-
tional systems, in particular with reduction of
damaged fruits (20% vs. 50%), better red colour
(80% vs. 50% coloured fruits) and yield (40-60t/
ha vs. 20—40t/ha).

8.14.9 Open vase training system
(Spanish system)

In the first year, at the planting of the trees
(winter), there is a heading cut at 50-60cm
from the collar of the tree (Fig. 8.25a). The
basal shoots are all trimmed up in the first
30-40cm, and the tree is tied up to tutors
or poles (3—4 cm) in order to avoid breakages
(Fig. 8.25a). In summer (May/June), three or
four vigorous shoots are selected and headed
back to 25-30 cm for reinvigoration and stim-
ulating new branching; basal shoots and suck-
ers are trimmed (Fig. 8.25b). These shoots will
be the primary branches of the trees, whereas
weak and broken shoots are trimmed. The
heading back can be repeated some weeks later
to stimulate further branching (Fig. 8.25c and
Fig. 8.25d). The fruits of the first year, if pre-
sent, should be dropped in order to favour veg-
etative activity and speed up the training of the
tree (Fig. 8.25d). In the second year, before buds
opening, there is the thinning of the shoots to
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Fig. 8.25. Pruning tree in open vase training system. (a) Trimming of basal shoots are all trimmed up

in the first 30-40cm. The young tree is tied up to a pole in order to avoid breakages. (b) Before (left)
and after (right) both the thinning/heading back of the shoots and trimming of basal shoots/suckers. (c)
Before (left) and after (right) heading back of shoots in summer time. (d) Pomegranate tree after heading
back (seen from above). Fruits are completely dropped. (e) Before (left) and after (right) thinning/heading
back of shoots during winter pruning. (f) Pomegranate tree after winter pruning seen from above. (g) The
branch before summer pruning operations. (h) The branch with the cuts of summer pruning. (i) The fruits
are heavily thinned or completely discarded. (j) The shoots before trimming/heading back in summer
time. Fruits are thinned. (k) The shoots after trimming/heading back in summer time. (l) Heading back

of the branch during winter pruning. (m) Bending and tying of the branch during winter pruning when

a supporting structure is utilized. (Drawing: Mariarosa Mincuzzi and Giuseppe Ferrara, adapted from

Cossio and Vitelli (2018).)

leave only six to eight secondary branches to
stimulate shoot development (Fig. 8.25e¢ and
Fig. 8.25f). In summer, the heading back of
water sprouts (10-15cm) in the basal part of

the branches has to be performed together with
trimming of unnecessary shoots and desuck-
ering (Fig. 8.25g and Fig. 8.25h). Second-year
fruits need to be heavily thinned or completely
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discarded (Fig. 8.25i) to complete the training
system of the tree (no support structure for this
training system). In the third year there is the
final development of the four to six branches
arranged in a radial pattern; the apical shoots
are used to keep the growth whereas the ba-
sal shoots are generally thinned or headed
back. In summer (July), water sprouts in the
internal canopy are trimmed or headed back
(Fig. 8.25j and Fig. 8.25k), whereas the suck-
ers developed are generally all trimmed. Fruits
are thinned to three or four fruits per branch or
even less depending on both the development
and fruit load of the tree (Fig. 8.25j). From the
fourth year onward, the new shoots are left in
the outer part of the canopy (for the growth)
with trimming of internal shoots (weak, old,
exhausted). The summer pruning aims at leav-
ing the shoots in the apical position of the
branches (outer canopy) but also some water
sprouts in the internal canopy (renewal of the
fruiting branches). In the successive years,
summer pruning operations will be important
for both keeping the growth in the external
part of the canopy and trimming the inter-
nal shoots; fruit thinning will be also done.
The heading back and tying of some branches
will also be necessary with winter pruning for
the renewal of the vegetation (Fig. 8.25] and
Fig. 8.25m). This is a straightforward, low-cost
maintenance training system adopted in many
growing areas of the world (Fig. 8.15 and
Fig. 8.16). However, trees yield later than with
the Y-system and there are more problems with
sunburn and mechanical damage and with
some horticultural practices (pesticide applica-
tion, pruning, harvesting).

In general, some secondary branches
should be allowed to develop from each main
branch, but excessive growths that would lead to
overcrowding should be removed, as should any
suckers that develop from the base of the tree.
Short fruiting spurs appear primarily on 2- or
3-year-old wood and are found growing mostly
on the outer layer of the canopy. Light annual
pruning encourages the growth of new fruiting
spurs, while more aggressive pruning will sig-
nificantly impact yield. Pruning of the fruiting
tree will consist mainly of removal of excessive
overcrowded growths, deadwood and suckers
(Fig. 8.16). Adequate fruit-bearing wood should
be retained. The height of pomegranate trees

can be maintained to values easily managed by
mechanical topping machinery.

8.14.10 Tree rejuvenation/reshaping

Apart from the types of pruning described above,
there are also other types of pruning such as
rejuvenation and reshaping. The rejuvenation
pruning consists of intense pruning (cutting of
branches) of old and/or damaged trees in order
to stimulate new shoot formation, thus reducing
the old unproductive wood. It is a type of prun-
ing sometimes adopted to recover old trees. The
reshaping pruning is adopted to change the trel-
lis of the tree when it is no longer considered ap-
propriate for optimal productivity as well as for
its management. There are generally intense cuts
(branches and even the trunk) and often the suck-
ers are used to grow a new tree according to the
new trellis.

These types of pruning are normally applied
to old trees, which are still healthy with the aim
of reinvigorating the tree to improve cropping po-
tential. Even severely bacterial blight-infected or
freeze-damaged orchards can be rejuvenated by
proper pruning and orchard management prac-
tices to replace the lost trees. Major limbs (thick
fruiting branches) are normally removed to en-
courage replacement with new young branches.
This type of pruning should be carried out over a
number of years depending on orchard condition
and age of trees. Rejuvenation can be achieved
via cutting back the tree to the crown during the
first month of spring and by training and pruning
of emerging shoots later on, by keeping three to
five shoots for multi-trunk system or one shoot for
single-trunk systems (Fig. 8.26). Pruning plants
to 30cm from ground level has been found to be
the most effective method to rejuvenate the old
pomegranate orchards and can be recommended
as standard practice in rejuvenating old orchards
(Hiwale et al., 2006).

8.15 High-Density Orchard
Management

In recent years, in California (USA) and other
regions, growers have been willing to grow
pomegranate trees as fruiting walls as is done

Al use subject to https://ww. ebsco.conl terns-of - use



EBSCChost -

272

G. Ferrara et al.

Fig. 8.26. Tree rejuvenation. (Photo:
Alimohammad Yavari.)

for pome and stone fruits, olive, grape, almond
and sweet cherry. This involves a vertical canopy
development that rejects traditional bushy tree
development in favour of dense, flat canopies
(Day and Wilkins, 2011). These fruiting walls
are developed by narrow pruning and hedg-
ing, with an increased tree density. The higher
plant density can reduce the time required to
reach a profitable yield when compared with
lower densities (open vase/Ypsilon). Condensing
pomegranate trunk, scaffold or branch growth
into a narrower zone that can be more easily
pruned, sprayed, thinned and harvested has the
potential for improved efficiency and mimics the
approaches already deployed for apple and pear
production in many countries of the world (Day
and Wilkins, 2011). Vertical wire trellises fit well
within the context of the fruiting wall strategy
as they are also used for the Y-system. It is possi-
ble to use either free-form multiple trunks or sin-
gle trunks in a fruiting wall approach, but these
forms would seem less apt to garner many of the
benefits as quickly or as easily as is gained with
the central leader system.

8.16 Intercropping

In modern orchard systems, pomegranate is
grown as a standalone crop, as shown in the
previous paragraphs on training systems and
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pruning. However, in some countries of the
world pomegranate trees are intercropped with
either other fruit tree species or vegetables in
order to harvest more crops. In particular, in
Mediterranean countries, before becoming an
important crop, pomegranate was grown with
other fruit crops such as olive, grape or almond.

Intercropping is one of the important crop-
ping systems in both temperate and tropical Indian
conditions and is adopted in small farming sys-
tems as it can yield more crops (fruits, vegetables,
etc.) compared with a single-crop system (Bhatti
etal., 2006). A recent work in India (Sharma et al.,
2015) showed that intercropping systems with
pomegranate and garlic, pea, urad bean, broc-
coli and turmeric significantly improved growth
attributes of the pomegranate trees and physical,
chemical and biological attributes of the rhizos-
phere compared with pomegranate trees grown
as a single crop. In particular, among the inter-
cropping systems tested, intercropping with urad
bean and pea improved water and carbon content
of the soil together with an increased concentra-
tion of nutrients and microbial biomass (Sharma
etal., 2015).

Moreover, in some African countries of the
Mediterranean basin pomegranate is often inter-
cropped with different species. In Tunisia, the oa-
sis is a particular horticultural environment and
can be considered an intercropping system that
is one of the most effective human adaptation
strategies in an area with significant tempera-
ture variations (in particular high temperatures)
and low precipitation (Cheneval, 2016). The oa-
sis is a horticultural system based on date palm,
which creates a microclimate that allows the
cultivation of other fruit tree species (pomegran-
ate, fig, citrus, etc.), forage crops and vegetables
(Sellami and Sifaoui, 1998). In arid regions, the
oasis has a vegetation cooling effect because of
extensive evapotranspiration compared with the
dry outer environment (Hao et al., 2016). The
different canopy layers in the oasis horticultural
system can reduce the incoming solar radiation,
with cooler temperatures at the lower layer of
the vegetation, such as vegetables and small fruit
trees (Middel et al., 2014). Data have demon-
strated that the summer air temperature of an
oasis could be 2-7°Ccooler than the surround-
ing desert environment, and as a result the rela-
tive humidity is generally 5-15% higher than
the surroundings (Saaroni et al., 2004; Potchter
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et al., 2008). Intercropping pomegranate in the
oasis influences the quality of pomegranate
fruits, and the arils of the fruits grown in the
oasis present either a more intense red colour
or higher acid content than the arils outside the
oasis from trees grown as a single crop (Boussaa
et al., 2018). Moreover, fruits grown in the oasis
in full shade have higher anthocyanin content
and lower sugars than the fruits outside the oa-
sis in full sun conditions (Boussaa et al., 2018).
The cooler and shaded microclimate of the oasis
favours a higher content of volatile compounds,
in particular, hexanal and limonene (Boussaa
etal.,, 2018).

Arecent work (Boussaa et al., 2019) showed
that the oasis environment was more favourable
to produce large-sized fruits with both higher
aril yield and higher juice content compared
with full sun conditions (outside the oasis) of the
single-crop systems. Moreover, oasis pomegran-
ates exhibited higher total anthocyanin content,
hydrophilic antioxidant activity, and higher lev-
els of magnesium, potassium and manganese
content than fruits grown outside the oasis.

8.17 Endogenous Effects of Plant
Growth Regulators (PGRs) on
Flowering

Application of PGRs can influence the sex expres-
sion and distribution of flower types in pome-
granate. Gibberellic acid induced more male
flowers and reduced hermaphrodite flowers,
whereas Ethrel® and maleic hydrazide induced
more hermaphrodite and fewer male flowers
(Abubakar et al., 2012). Application of plant bi-
ostimulants on ‘Kandhari Kabuli’ cultivar signifi-
cantly improved flowering, yield, return bloom
and reduced the fruit drop. The highest flowering,
yield/plant and minimum fruit drop were record-
ed on trees treated with Spic cytozyme (4ml/l),
whereas the highest return bloom was observed
with the application of Vipul (15ml/l) (Abubakar
etal., 2012). Application of GA, at 100 ppm (45,
90, 103 and 135 days after fruit set) plus CaCl,
2% +borax 0.2%+MgSO, 0.5% increased the to-
tal sugar content (15.73%) and the juice percent-
age (44.66%) of the fruits and favoured a longer
shelf-life and the lowest loss in weight (Deepa et al.,
2018). Application of NAA at 50 ppm and Ethrel®

at 200 ppm were found effective for fruit set, yield
and other quality components. In particular, NAA
at 50 ppm was found to be effective in increasing
the number of fruits per tree, fruit weight, yield,
number of hermaphrodite flowers and reduced
fruit drop; Ethrel® at 200 ppm was able to advance
the first harvest of fruits, and changed the flower
sex/ratio by reducing the number of male flowers
compared with hermaphroditic ones (Goswami
et al., 2013). The cultivar ‘Kandhari’ responded to
the application of different PGRs (NAA, GA,, 2,4-
D) applied at various concentrations (Phawa et al.,
2017). The application of GA, at 75 ppm showed
maximum plant height (194.90cm), canopy
volume (3.81m?), internode length (8.07cm),
shoot length (15.57 cm) and leaf area (7.37 cm?)
(Phawa et al., 2017). The maximum number of
flowers (28.01) was recorded with the application
of 75 ppm GA, followed by 40 ppm NAA (28.58).
An increase in number of flowers following GA,
application might be due to the fact that the trees
sprayed with GA, and NAA remained physiologi-
cally more active to build up sufficient food re-
serves for developing new flowers. Auxins are also
known to stimulate flower bud initiation. Hence,
the increase in flowering may be due to enhanced
photosynthesis, which increased the potential of
trees to develop more flower buds (Phawa et al.,
2017). Application of NAA at 40 ppm advanced
the time of flowering as days (23.67) compared
with the control (26.21), but earlier flowering by
2-3 days was also obtained with the other PGRs
(Phawa et al., 2017).

In order to reduce fruit drop in pomegranate,
some ethylene-inhibiting chemicals have been
used, such as cobalt chloride and KNO, (Reddy
et al., 2011). Application of 2.5 ppm cobalt chlo-
ride recorded a significant increase in number of
fruits and yield per tree followed by 5 ppm cobalt
chloride and KNO, treatments, and the effects
were more evident with foliar applications com-
pared with soil application (Reddy et al., 2011).

Quality and yield parameters were im-
proved in ‘Kandhari’ cultivar after the applica-
tion of NAA, GA,, 6-BA and their combination
at different concentrations compared with a
control treatment (Thakur and Sharma, 2018).
Among the PGRs applied, NAA at 30 ppm after
flowering (May) was the most effective in im-
proving fruit weight and size, aril weight, juice
and ascorbic acid content (Thakur and Sharma,
2018).
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Fig. 8.27. Spring frost damage. (Photo: Giuseppe
Ferrara.)

8.18 Freezing and Frost Protection

Pomegranate can withstand frosty conditions
during winter time but will not survive long be-
low —15°C (Soloklui et al., 2012). Cold tempera-
tures can severely damage pomegranate trees;
either winter freezes or spring frosts (Fig. 8.27)
can cause damage to trees in Mediterranean cli-
mates. In California (San Joaquin Valley) frost
events occurred where temperatures dropped to
as low as —3°C in March 2008 and 2009 (Day
and Wilkins, 2011) causing damage to pome-
granate trees. During spring time, even a few
hours (4-6 h) below 0°C can irreversibly dam-
age the trees. Mature trees were unaffected but
a number of young orchards suffered shoot die-
back and growers were forced to regrow trees
from resulting ground suckers. However, low
temperatures in winter time can cause dam-
ages even to mature trees. In December 1990 in
California temperatures dropped to —6 to —8°C
and a number of mature orchards were dam-
aged severely, with death of scaffolds occurring
for several years afterwards, and some young
orchards were killed outright (Day and Wilkins,
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2011). In order to face these events, frost protec-
tion similar to strategies used in citrus during
critical periods can be used also for pomegran-
ate (Day and Wilkins, 2011). Frost could be a
real threat to young pomegranate plantings
and special care should be taken to reduce the
danger of frost in certain areas. Trees planted in
open lower areas and trees exposed to prevailing
cold winds are most likely to suffer frost damage.
Freezing tolerance can vary among the different
pomegranate cultivars as reported in a trial in
Iran (Soloklui et al., 2012). Iranian pomegran-
ate cultivars ‘Naderi’, ‘Yusef Khani’, ‘Malas
Saveh’, and ‘Robab Neyriz' showed the highest
midwinter cold hardiness; ‘Mahabadi’ showed
intermediate hardiness, whereas ‘Poost Sefid
Bafgh’ and ‘Shishe Kap’ were found to be cold
susceptible. Cold tolerance of the cultivars, from
autumn to midwinter, was significantly corre-
lated with soluble carbohydrate content, which
plays an important role in osmotic adjustment
of cells to withstand frost (Soloklui et al., 2012),
but the natural habitat of the variety (genetic
characteristics) is also a very important factor
that determines its degree of cold hardiness.

Paclobutrazol (PBZ) is a member of the
triazole plant growth inhibitors group able to
induce tolerance to a number of biotic and abi-
otic stresses (Moradi et al., 2017). Application
of PBZ on seedlings of the pomegranate culti-
var ‘Robab’ subjected to freezing stress (—3°C
for 7 h) improved the growth rate and increased
relative leaf chlorophyll content, chlorophyll
fluorescence ratio, relative water content, solu-
ble carbohydrate content, and enzyme activity
of ascorbate peroxidase and guaiacol peroxidase
compared with the control (Moradi et al., 2017).
PBZ at a concentration of 75mg/l ameliorated
the injury caused by freezing stress by reduc-
ing proline content and leaf electrolyte leakage
(Moradi et al., 2017).

8.19 Salinity Management

Salinity is one of the most important environ-
mental stresses that severely limits plant growth
and productivity in different ways, such as
leading to water deficiency, specific ion toxic-
ity and/or ionic imbalance, or a combination of
these factors (Karimi and Hassanpour, 2017).
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Pomegranate is considered moderately toler-
ant to salinity (Naeini et al., 2005), but, as for
other physiological aspects, the tree response to
salinity is variety dependent (Naeini et al., 2006;
Okhovatian-Ardakani et al., 2010). Holland
et al. (2009) noted that pomegranate was ame-
nable to irrigation with saline water (between
2.5 and 4.0 dS/m) and produced normal yield.
Based on studies on evapotranspiration, crop co-
efficient and growth of two young pomegranate
cultivars under salt stress, the term moderately
sensitive to salinity has been suggested to more
adequately describe the response of pomegran-
ate to irrigation with saline water (0.8-8.0
dS/m) (Bhantana and Lazarovitch, 2010).
Increasing irrigation with saline water showed
positive effects on phenolic accumulation in the
arils of two pomegranate accessions but with
negative effects on anthocyanins to an extent de-
pending on the accession (Borochov-Neori et al.,
2013). The growth of pomegranate cultivars
‘Alak Torsh’ and ‘Malas Torsh’, irrigated with
saline waters, showed a decline from 0 down
to 40mM Nad(l, as indicated by the number of
internodes, length of the main stem, length of
internodes and leaf surface area (Naeini et al.,
2006). In an 80-day experimental period on
three pomegranate cultivars (‘Malas Shirin’,
‘Alak Torsh’ and ‘Malas Torsh’), irrigation with
waters containing 0, 40, 80 and 120 mM NacCl
increased Na, Cl and K concentrations and de-
creased Ca, Mg and N concentrations in the
plant tissues; and soluble sugar content was also
reduced with increasing NaCl concentrations
(Naeini et al., 2005). Doring and Ludders (1986)
reported that the chlorophyll concentration and
photosynthetic efficiency of pomegranate leaves
decreased with increasing NaCl concentrations
in culture solution and also a positive correlation
existed between concentrations of Na and Cl in
plant tissue with those in the culture solutions.
The irrigation of ‘Wonderful’ and ‘SP-2’ ac-
cession with waters at increasing EC (1.2-8.0
dS/m) showed various effects on fruit quality
(Neori et al., 2014). The content of phenolics in
the fruit peel of both pomegranate accessions in-
creased considerably when the irrigation water
salinity was raised above EC 3 dS/m and at high
salinity levels (EC 6 and 9 dS/m). The ‘SP-2’ ac-
cession accumulated significantly higher level
of phenolics compared with ‘Wonderful’ (Neori
et al., 2014). A function in plant defence against

salinity-induced oxidative stress was suggested
for phenolics, significantly increasing at high EC
values (Gould and Lister, 2006; Di Ferdinando
et al., 2012). A higher salt tolerance of the ‘SP-
2" accession compared with ‘Wonderful’ may be
related to the more abundant accumulation of
phenolics in this accession (Neori et al., 2014).
Increasing irrigation water salinity favoured
anthocyanin accumulation in both pomegran-
ate accessions, but ‘Wonderful’ fruit peel was
significantly richer in anthocyanins compared
with the ‘SP-2’ accession up to EC 6 dS/m,
whereas at EC 9 dS/m pigment concentrations
in both accessions were similar (Neori et al.,
2014). The anthocyanins detected in fruit peel
of ‘Wonderful’ and ‘SP-2" were mono- and di-
glucosides of cyanidins, pelargonidins and del-
phinidins; with high salinity water, ‘Wonderful’
fruit peel accumulated more of the purple delphi-
nidins, whereas ‘SP-2’ had more of the orange-
coloured pelargonidins (Neori et al., 2014). The
accumulation of anthocyanins in the peel and
a reduction in the arils (Borochov-Neori et al.,
2013) could be explained by the existence of
different pathways of anthocyanin synthesis in
the pomegranate fruit peel and aril (Neori et al.,
2014). High salinities, EC 6 and 9 dS/m, were
associated with significantly elevated concen-
trations of gallotannins, ellagic acid derivatives
and flavonols in ‘Wonderful’, and punicalagins,
ellagic acid derivatives and flavonols in ‘SP-2’
(Neori et al., 2014).

Salinity of water can affect the absorption
and translocation of nutrients within the pome-
granate tree (Hasanpour et al., 2015). In a pot-
ted experiment with the Iranian pomegranate
cultivars ‘Rabab’ and ‘Shishegap’, water salinity
(sodium and calcium chloride salts) affected the
concentration of iron (Fe**), zinc (Zn?*), cop-
per (Cu?*) and manganese (Mn?*) in leaves and
roots (Hasanpour et al., 2015). The concentra-
tion of zinc (Zn**), copper (Cu**) and manganese
(Mn?*) in roots and manganese (Mn?*) in shoots
increased depending on the salinity of the wa-
ter (0, 30 and 60 mM) with the highest concen-
trations detected at 60mM. The high salinity
negatively affected the soil plant analysis devel-
opment (SPAD) values and the Fm/Fv ratio of the
two pomegranate cultivars (Hasanpour et al.,
2015). As expected, water salinity increased the
concentration of sodium (Na*), chloride (Cl"),
calcium (Ca?*) and potassium (K*) both in roots
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and shoots (Karimi and Hasanpour, 2014). The
two pomegranates showed a different behav-
iour towards the relative water content (RWC)
of leaves; the RWC of ‘Rabab’ decreased in an
irrigation interval of 6 days with 60 mM of sa-
linity, whereas ‘Shishegap’ was not affected,
which could be related to the higher tolerance
to salinity of this cultivar (Hasanpour et al.,
2015). Differences between the two pomegran-
ate cultivars for the salinity effects were also
observed for the leaf fresh and dry weight, since
in ‘Shishegap’ the 30mM salinity treatment
increased leaf fresh and dry weight compared
with the control, whereas in ‘Rabab’ there was
a significant decrease in the leaf weight (Karimi
and Hasanpour, 2014). The ‘Shishegap’ cultivar
was able to restrict either the uptake/transport
of Cl or maintain sufficient levels of K, better
than ‘Rabab’ (Karimi and Hasanpour, 2014).
Okhovatian-Ardakani et al. (2010) investi-
gated the salt tolerance of different pomegran-
ate cultivars and reported that ‘Malas-e-Yazdi’
and ‘Tab-o-Larz’ are salinity-tolerant cultivars,
while ‘Gabri’ and ‘Khafr-e-Jahrom’ are the most
sensitive ones. Salinity tolerance of 10 commer-
cial Iranian cultivars in pots was reported by
Tabatabaei and Sarkhosh (2006) with signifi-
cant differences among them.

In general, the effect of salinity stress
on pomegranate cultivars is enhanced by in-
creasing irrigation intervals, from 2-6 days
(Hasanpour et al.,, 2015). The presence of a
rootstock can also affect the concentration of
nutrients in pomegranate; the low sodium con-
centration in shoots of ‘Gabri’ cultivar grafted
on ‘Tab-o-Larz’ as rootstock was possibly related
to the higher ability of ‘Tab-o-Larz’ compared
with ‘Malas-e-Yazdi’ to accumulate/exclude Na
in roots and prevent the transportation to shoots
(Karimi and Hassanpour, 2017). Pomegranate
cultivars/rootstocks lacked the mechanisms to
control Cl levels in leaves, and the negative sa-
linity effect was associated with the accumula-
tion of Cl more than Na in this organ (Karimi
and Hassanpour, 2017). Na and Cl accumulated
more in leaves located in the lower part of the
canopy compared with the upper part, which
is probably a mechanism of pomegranate to
prevent the harmful effects of these ions on the
young outer fruiting shoots and leaves together
with the abscission of the leaves of the lower part
in order to remove the accumulated toxic ions
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(Karimi and Hassanpour, 2017). ‘Gabri’ cultivar
grafted onto ‘Tab-o-Larz’ and ‘Malas-e-Yazdi’ as
rootstocks showed a lower concentration of Cl
and Na in shoots compared with non-grafted
‘Gabri’ trees. The lower Cl and Na levels in leaves
could be due to the capacity of roots of ‘Tab-o-
Larz’ and ‘Malas-e-Yazdi' rootstocks to either
store these ions or reduce their transportation
to the scion, and the ‘Tab-o-Larz’ as rootstock
was more efficient in this activity (Karimi and
Hassanpour, 2017). Grafted pomegranates had
more K than non-grafted ones probably because
of a more selective uptake of K compared with
Na by the rootstock, which could partially ex-
plain the higher tolerance to salinity (Karimi
and Hassanpour, 2017). Salinity decreased the
concentration of Mg in shoots and this effect
was less evident in plants grafted on ‘Tab-o-Larz’
(Karimi and Hassanpour, 2017). A recent study
conducted on pomegranate cultivars ‘Malas-
e-Saveh’ and ‘Shishe Kab’' in greenhouse and
field using irrigation water with EC values rang-
ing from 1.5-12 dS/m and 1.05-7.46 dS/m for
greenhouse and field, respectively, showed dif-
ferences between cultivars, and ‘Malas-e-Saveh’
had more tolerance compared with ‘Shishe Kab’
(Khayyat et al., 2016). Salinity of water reduced
the chlorophyll content in pomegranate leaves
but significantly increased chloride and sodium
content as a consequence of the higher EC of
water (Khayyat et al., 2016). Moreover, use of
high EC water was negatively correlated with
the content of several nutrients such as potas-
sium, nitrogen, calcium and magnesium. Non-
photochemical quenching, effective quantum
yield of photochemical energy conversion in
PSII reduced under the highest salinity level in
the field; however, basal quantum yield of non-
photochemical processes in PSII increased in the
highest salinity irrigation (Khayyat et al., 2016).

8.20 Weed Management
(Mechanical, Chemical, Mulching)

Weed control in pomegranate orchards is impor-
tant as weeds create competition for water and
nutrients. Weeds can be managed by mowing
(Fig. 8.3), tillage (Fig. 8.28), cover crop in the al-
leys or application of herbicides. Weeds are con-
trolled mainly with pre-emergence herbicides,
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Fig. 8.28. Tilled pomegranate orchard. (Photo:
Giuseppe Ferrara.)

while, after germination, in the plant rows,
glyphosate can be applied as a post-emergence
herbicide. Chemical control can include ap-
plication of post-emergence herbicides such as
glyphosate (Roundup®) and oxyfluorfen (Goal®)
on all pomegranates or flumioxazin (Chateau®)
on non-bearing pomegranates. Pre-emergence
herbicides including oryzalin (Surflan®) and
napropamide (Devrinol®) are also used. In or-
ganic farming hand labour plus mechanical
tillage/mowing is typically employed (Day and
Wilkins, 2011).

Weeds could also host insect pests as well
as diseases that could create problems in the
orchard, but cover crops (living mulch) could
be seeded in the alleys to reduce weeds and act
as hosts for natural enemies of potential pests
and diseases. Mulching, in addition to prevent-
ing weed development, preserves the soil mois-
ture around the young plants. Mulching with a
black plastic sheet is not recommended due to
the considerable heat it causes in the soil but can
help in controlling the growth of the weeds on
the row (Fig. 8.5). Alternatively, a two-coloured
plastic sheet can be used for mulching, with one
side black (inside) and the other side white (out-
side) (Fig. 8.4); the latter must be set upwards to
decrease the temperature accumulation of the
soil and reflect the light to the lower part of the
canopy for a better bud differentiation and fruit
development and ripening (Fig. 8.19).

Equally valid is mulching with breath-
able mesh sheets, better if white or green (anti-
algae), available in nurseries, which allow the
passage of water (Fig. 8.29). This type of materi-
al for mulching limits the problems related to the
reduced ventilation that leads to trunk rot and
galls. Mulching plays a very important role with
respect to moisture conservation, and reduction
of weeds and nematode control. Deficiency of

Fig. 8.29. Mulched row with breathable mesh sheets. (Photo: Giuseppe Ferrara.)
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moisture in the soil during the fruit development
stage is responsible for fruit cracking (following
rainy events) and reduces fruit quality in pome-
granate. Besides controlling the weed popula-
tion, mulching with black polythene reduces the
population of nematodes, which is one of the
main causes of wilting in pomegranate (Warade
et al., 2008). Warade et al. (2008) reported that
mulching pomegranate trees with black poly-
thene showed better performance than other
treatments (sugarcane trash, soybean straw and
wheat straw) with respect to yield and number
of fruits. Highest marketable fruits and total
yield (15.55 and 17.09kg/tree, respectively)
were recorded by providing mulching with a
black polythene sheet. The average number of
fruits per tree (58.75) and average weight of
fruits (268.75 g) was also found to be maximal
with black polythene mulch treatment.

Chattopadhyay and Patra (1992) inves-
tigated the effect of different mulches (black
polythene, banana trash and sawdust) on pome-
granate yield in west Bengal. They found the
maximum number of fruits (60 fruits/tree) with
black polythene followed by sawdust (51 fruits/
tree), banana trash (44 fruits/tree) and the con-
trol (no mulch) (39 fruits/tree), respectively. The
maximum increase in plant height (12.90cm)
was obtained with black polythene and mini-
mum (8.52cm) in the ‘no mulch’ treatment
(Chattopadhyay and Patra, 1992). Singh et al.
(1990) studied the influence of different cul-
tural practices on premature fruit cracking and
found that mulching with dry grass significantly
reduced fruit cracking of pomegranate over all
the other practices. This reduced fruit cracking
may be the consequence of higher soil moisture
content in mulched orchards with respect to
clean ones, thus reducing the adverse effects of
rains leading to rapidly increasing soil moisture
with a consequent higher accumulation of wa-
ter in fruits thus causing the cracking.

Studies in west Bengal (Chattopadhyay and
Patra, 1997) revealed that the influence of soil
cover in conserving soil moisture did not fol-
low any pattern. However, the variation in soil
moisture at 25 cm and 50 cm depths below the
mulch was significant in November, December,
January and February. In general, the black
polythene resulted in better moisture conserva-
tion in the months of no or low rainfall. Chakma
(2014) studied the effects of different mulching
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treatments on the row and reported positive ef-
fects of black polythene and grass mulch (10 cm)
on shoot growth (=50 vs. 40cm) and tree vol-
ume (8-9 vs. 6 m?’; Aliev, 1979) compared with
herbicides or no mulching at all. Black polythene
and grass mulch exerted positive effects also on
fruit set, fruit weight and size, TSS and yield
(Chakma, 2014), probably because of higher
soil moisture facilitating absorption of nutrients
by the root system.

Apart from these effects on the tree, the use
of mulching can also have positive effects on soil
management in order to conserve soil moisture
in regions facing water scarcity. The use of black
polythene and grass mulch was able to keep
higher moisture in the soil compared with her-
bicides or no mulching during almost the whole
growing season (Chakma, 2014). Harvest
equipment moving through commercial or-
chards requires dry soil and the use of inter-row
living mulching (cover crops) can facilitate early
footing in the orchards. Autumn heavy rain
can result in severe damage to the fruits, such
as cracking, in particular for late-ripening cul-
tivars. In this case, the presence of a cover crop
for mulching in the inter-row can reduce such a
problem either by facilitating harvest operations
or reducing fruit cracking from almost 100 to
40% (Fathi Abd Elhadi, unpublished data).

Mulching exerted positive effects on
7-year-old trees of cultivar ‘Kandhari Kabuli’
in India. In particular, black polythene proved
to be most effective in increasing plant growth
(51.80cm), yield (13.05kg/tree) and in conser-
vation of soil moisture. Grass mulch was better
when compared with other orchard floor man-
agement practices in terms of growth (47.00 cm)
and yield/tree (12.35kg). Black polythene and
grass mulching also improved quality param-
eters such as TSS, TA, TSS/TA and ascorbic acid
content (Sharma et al., 2017). These data indi-
cated that mulching can be a sustainable tool for
modern management of pomegranate orchards
for different goals: control of weeds, sustainable
environment, conservation of soil moisture, bet-
ter yield and quality of fruits, no use of herbi-
cides and ease of passage in the orchards after
rainy events. The use of olive pomace mulch
was able to control the growth of weeds and
reduce evapotranspiration compared with con-
trol in a pomegranate orchard of ‘Manfalouty’
in desert conditions in Egypt (Seidhom and
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Abd-El-Rahman, 2011). The application of ol-
ive pomace had positive effects also on yield and
water use efficiency with values significantly
higher than control and bitumen mulch, in
particular when a 6-day irrigation interval was
adopted (Seidhom and Abd-El-Rahman, 2011).
A recent experiment showed the interesting re-
sults of application of pecan (Carya illinoensis
(Wangenh.) K.Kock) hulls in controlling weed
growth beneath the pomegranate trees close to
the collar; moreover, application of almond hulls
on the row applied as a layer of 4—5cm or even
thicker lasted for at least 2 years and completely
inhibited the growth of weeds thus avoiding the
use of chemical herbicides in the row (Ferrara,
unpublished data). Organic mulching improves
water retention capacity and prevents car-
bon losses from the soil; moreover, there is the
chance to reuse the organic materials produced
on the farm (pecan and almond hulls, pome-
granate rinds, grape pruning materials, olive
pomace, etc.).

8.21 Tillage and cover crops

The soil of a pomegranate orchard can be covered
with permanent vegetation or managed with till-
age, mulching or use of herbicides as described
in the previous paragraph. Tillage in pomegran-
ate orchards is accomplished with year-round
use of disc harrows. Clean cultivation (Fig. 8.28)
improves air circulation and reduces the competi-
tion with weeds, but reduces organic matter with
potential adverse effects on soil structure and ero-
sion. In the past, when pomegranate was con-
sidered a low-importance tree fruit species, there
was no use of irrigation and clean cultivation was
generally adopted to control weeds and maxi-
mize the use of water. Recent interest in growing
pomegranate and the environmental aspects have
induced some changes in soil management, with
reduced or no-tillage at all. The orchard floor of
pomegranate trained to the Ypsilon or vase system
is kept clean of weeds by using mulching material
such as coloured polythene, TNT fabrics, organic
materials, etc. Ridges (raised beds) are commonly
adopted to improve drainage and root air circu-
lation and are covered with the mulching mate-
rial; beneath the mulches the irrigation pipes are
generally placed. The alleys can be either tilled or

covered with living mulch such as Trifolium spe-
cies or a mix of leguminous and monocot species
in order to improve organic matter and N content
in the soil. The soil cover of the alleys exerts a very
limited or null competition with the pomegranate
trees because of the distance of the cover crops
from the root system of the pomegranate, in par-
ticular when ridges are used in the orchard. The
competition can be better managed and almost
discounted depending on the species, the distance
from the root system, irrigation and fertilization
management. The use of fertigation and applica-
tion of water close to the pomegranate root sys-
tem and the presence of leguminous species in the
alleys can reduce the competition and improve
soil characteristics. Moreover, ground cover of
the alleys affects the sustainability of the orchard
by storing the nutrients in the soil and facilitat-
ing machine access. Ground cover can be used in
autumn-winter—spring (seeded or natural) with
two or three mowings to control the height; in late
spring cover crops are mowed to the ground or in-
corporated into the soil.

Permanent vegetation can also be used be-
neath the pomegranate trees with dichondra
or clover, with positive effects on N in the soil
but can be competitive for nutrients and water.
Weeds on the tree row may be controlled with
herbicides, or more sustainably with organic
(straw, mowed material, pruning residues, hulls,
etc.) or living mulches (leguminous species) suc-
cessively mowed. The use of organic mulch in
the tree row can improve the soil moisture re-
tention and release nutrients, in particular dur-
ing the dry season; the layer should be at least
8—10cm deep to last for a couple of seasons. Cost
and transportation of the organic material to be
used as mulch can limit its application, but the
use of available material from the farm can over-
come this problem, such as mowed grass, hulls,
pruning materials, residues of fruits (pome-
granate, orange, olive, grape, etc.). Inorganic
mulches such as black/white plastic and geotex-
tile sheets can also be applied, but their cost is
generally higher than the organic ones, and they
also present a problem of disposal although they
generally last longer. Some reflective inorganic
mulches can also be used to improve bud differ-
entiation, flowering and fruit quality such as the
red colour of the skin.

Management of the pomegranate orchard
could include a clean tree row (or mulched) and
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the alleys with cover crops or natural weeds or
tilled. Subterranean clover (Trifolium subterraneum
L.) can be used as a cover crop to improve soil phys-
ical and chemical properties, improving water re-
tention, nitrogen and organic matter content, and
has a good reseeding ability. Subterranean clover
reseeds in early summer and dies in full summer
when temperatures are high, thus not being com-
petitive with the pomegranate tree but making a
layer of organic mulch beneath the tree. The use
of spontaneous weeds as the ground cover can
favour the development of a wide fauna commu-
nity useful for the control of some pests and thus
stimulating the biological activity in the soil.

However, young pomegranate trees are very
susceptible to competition with weeds compared
with mature pomegranate trees. Weeds on the
tree row can be mechanically controlled but this
should be done with care in order to avoid dam-
age to the trunk; alternatives could be fire and
high-pressure water, but the use of these devices
can have some drawbacks, such as fuel hazards
(flame) or limited efficacy (water). However, in
arid areas, the land can be kept tilled, as done in
some areas of Spain; surface tillage in the alleys
with a harrow has the advantage of interrupt-
ing the capillarity and preserving the soil water
more efficiently.
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9.1 Introduction

Soil nutrient availability greatly affects plant
growth and development. An article written by
Jan Baptista van Helmont, which was published
by his son in Amsterdam in 1652, reported that
a potted willow cutting irrigated with rainwa-
ter gained 76.7 kg in 5 years, whereas the soil
weight decreased by 56 g. He attributed the
weight gain of willow to water and ignored the
small weight reduction in the soil. About 200
years later, Justus von Liebig, who is considered
as the father of modern plant nutrition, ana-
lysed plant tissues and soil. He discussed the con-
sequence of cropping and addressed the need to
replace essential nutrients with fertilizers. For
example, 10 metric tonnes (t) of pomegranate
fruit may remove about 14 kg of nitrogen (N),
15.5 kg of potassium (K) and 1.43 kg of phos-
phorus (P). The discovery of the importance of
nutrients in plant growth, flowering and fruiting
is a noteworthy achievement of science. Most of
the mineral nutrients are from the soil solution.
The essential roles of minerals in plant growth
has been repeatedly demonstrated.
Pomegranate (Punica granatum L.) requires
17 elements for plant growth and development

*Corresponding author: mhdkhayat@birjand.ac.ir

(Al-Maiman and Ahmad, 2002; Mirdehghan
and Rahemi, 2007; Korkmaz and Askin, 2013;
Marathe et al., 2016a). These elements are
called essential elements and include carbon (C),
hydrogen (H), oxygen (0O), which mainly come
from air and water, as well as N, P, K, sulfur (S),
calcium (Ca), magnesium (Mg), boron (B), zinc
(Zn), copper (Cu), iron (Fe), manganese (Mn),
chloride (Cl), molybdenum (Mo) and nickel (Ni),
which are present either in the soil or supplied
as fertilizers. N, P, K, S, Ca and Mg are called ma-
cronutrients. Other elements including B, Zn,
Cu, Fe, Mn, Cl, Mo and Ni are required in much
smaller amounts and are called micronutrients
(Table 9.1). Irrespective of the amount required,
a deficiency of any of these elements will impair
vegetative growth, flowering, fruiting and the
tolerance to both abiotic and biotic stresses in-
cluding salinity, drought, heat, frost, pests and
diseases.

It is well-known that selection of the proper
soil is of paramount importance in the success
or failure of a fruit crop. Similarly, the effect of
plant nutrition on quality fruit production has
been well recognized. In the past, not much at-
tention was paid to fruit quality parameters, as
the priority was just to produce a higher yield.
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Table 9.1. Forms of nutrient elements in the soil solution.

Element

Cationic

Anionic

Nitrogen (N)
Phosphorus (P)

Potassium (K)
Calcium (Ca)
Magnesium (Mg)
Sulfur (S)

Iron (Fe)

Manganese (Mn)

Ammonium (NH,*)

Potassium ion (K*)
Calcium ion (Ca?*)
Magnesium ion (Mg?*)

Ferrous ion (Fe?*), Ferric ion
(Fe*)

Manganese ion (Mn?)

Nitrate (NO,), Nitrite (NO,")

Hydrogen phosphate (HPO ),
Dihydrogen phosphate (H,PO,")

Sulfate (SO,)*

Borate (H,BO,"), Boric acid (H,BO,)

Zinc (Zn) Zinc ion (Zn%)
Copper (Cu) Cupric ion (Cu?)
Boron (B) -

Molybdenum (Mo) -

Chlorine (CI) -

Molybdate (MoO )
Chloride ion (CI)

Source: Marschner (1995); Rashna (1997).

However, recently, there has been a paradigm
shift from increasing production to improving
fruit quality. It is especially true in the case of
pomegranate, which is commonly cultivated as
a cash crop in many countries for export pur-
poses. Hence, the selection of suitable soil, as
well as the application of balanced nutrients, are
prerequisites to harness higher fruit yield with
required quality standards.

9.2 Suitable Soil

Soil is a major source of nutrients required for
crop production. Plant nutrient uptake capac-
ity is influenced by many factors including soil
physical and chemical properties, soil moisture,
root growth and development, rootstocks, culti-
vars, climatic conditions, and biotic and abiotic
stresses. Soil nutrient availability is critical for
efficient plant nutrient uptake. Generally, the
availability of nutrients in agricultural soils is
less than the optimum level for plant growth and
yield production. Although the total amount of
nutrients in the soil may be high, their chemi-
cal properties and chemical reaction with other
soil components can make them unavailable for
plant use (Osman, 201 3; Miransari, 201 3).
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Soils are classified based on their origin, min-
eral or organic content, the proportion of clay, silt
and sand particles, depth, colour, the soil reaction
(pH) (Truog, 1947), water-holding capacity and
cation exchange capacity (CEC). Surface soils are
generally more fertile than subsoils because of the
accumulation of organic residues. The decompo-
sition rates of plant and animal-derived organic
matter in cultivated lands depend on climatic con-
ditions. However, especially in arid climate zones,
its amount rarely reaches 5%. Such soils consist-
ing predominately of inorganic constituents are
termed mineral or inorganic soils (Mengel et al.,
2001; Osman, 2013).

Soil particles are classified as clay (less
than 0.002 mm), silt (0.002-0.02 mm) or
sand (0.02-2.0 mm) based on the diameter.
According to these soil particle proportions, the
soils are classified into different texture types by
using the soil texture triangle. Soil texture affects
many properties of the soils. Although particles
larger than 2 mm in diameter, such as gravel
and stones, may constitute part of the soil mass
and help trees with anchorage and rapid drain-
age of water, they do not play a role in plant nu-
trition (Dudley et al., 2008b). Soils containing
a high proportion of these large particles are
known as gravelly soils. Pomegranate has the
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potential to grow on a variety of soils. In India,
it is mostly grown on very shallow (10-25 cm),
light-textured and rocky soils with low mois-
ture and poor nutrient-holding capacity. The
best soil for trees is sandy loam soil because its
overall characteristics are optimum. Although
this soil has a smaller water-holding capacity,
it has more rapid water infiltration than loamy
clay soils. More clay particles in the soil can lead
to soil compaction, which inhibits root penetra-
tion and exploration. In heavily compacted soils,
roots are unable to extract water and nutrients
efficiently, even if they are present in adequate
quantities. Sandy soils have better drainage
than clay soils, but they are usually less fertile
because of low cation and anion exchange ca-
pacity (Mengel et al., 2001; Osman, 2013).

Sandy soils require more frequent irrigation
and fertilization than loamy soils. Smoke (2018)
stated that irrigation should be provided daily
for light-textured soils because of the low water-
retention capacity. El-Desouky and El-Hamied
(2014) suggested that amendment with organic
fertilizers improves the growth and development
of pomegranate trees under dune soil condi-
tions. Furthermore, they found improved plant
growth by subsurface irrigation compared with
surface irrigation. Performance of pomegranate
is equally good on heavy black soils when raised
beds are used to promote proper drainage. It is
reported that ‘Jyoti’, ‘Ganesh’ and ‘Raichur-1’
clones of pomegranate performed well under
the Vertisols of the Tungabhadra project area in
Karnataka, India.

9.3 Soil pH and Different Processes
of Buffer Action

Soils are categorized as acidic, neutral or alka-
line according to their hydrogen ion concen-
tration or their negative logarithm-pH (Mengel
et al., 2001; Taiz and Zeiger, 2002; Osman,
2013). The formation of limited-soluble com-
pounds plays an important role in controlling
the availability of some nutrients. Under alka-
line soil conditions, zinc and copper are not read-
ily available to plants. Under neutral to alkaline
soils, calcium phosphate precipitates, and its
solubility decreases with increasing alkalinity.
Excessively alkaline soils are usually the results
of accumulation of sodium carbonate in the soil

or Na replacement on a large percentage of the
ion exchange sites, or both. Under acidic to neu-
tral conditions, P is specifically adsorbed on to
the surface of iron oxide, aluminium oxide and
clay mineral particles, and is not displaced from
these surfaces to any appreciable extent by other
components of the soil solution. In addition to
specific adsorption of phosphate on the oxide
surface, iron phosphates and aluminium phos-
phates may precipitate. In highly acidic soils, al-
uminium oxide is dissolved to create toxic levels
of Al. Conversion of insoluble manganese diox-
ide to the soluble Mn?* also leads to toxic con-
centrations of Mn. Organic matter in the soil is
mineralized (decomposed) by microorganisms.
On the other hand, using organic materials with
low levels of these elements (straw and so on)
leads to incorporation of these elements from the
soil into organic matter. Under the condition of
lacking O, in the soil (waterlogging), soil micro-
organisms may make chemical transformations
that produce toxic levels of some substances.
Hydrogen sulfide, methane gas, Mn?** and other
organic materials are examples of toxins that
occur in these soils. Toxin production strongly
depends on temperature and they form much
more rapidly when the soil is warmer. Because of
adsorption, precipitation and cycling of organic
matter, the soil can buffer the soil solution. Soil
pH also affects the extent to which most nutri-
ents are bound by soil particles. However, the pH
of the soil near the root is not the same as the pH
of the bulk of the soil. Many substances such as
carbon dioxide, which forms carbonic acid in soil
solution and organic matter, are excreted from
the roots. Thus, the pH of soil adjacent to a root
alters and reduces and leads to an increase in the
availability of nutrients to the plants, except in
acid soil. Soil pH more than 7.5 greatly limits the
solubility of many elements including Zn, Cu,
Mn and Fe. Low pH (less than 5.5) may lead to
deficiencies in Ca, Mg, P and Mo, and results in
excessive amounts of Mn, Fe or Al (Fig. 9.1).
The solution to these problems lies in correc-
tion of the soil condition including the addition of
lime (for raising pH), the addition of sulfur or gyp-
sum (for lowering pH) and the addition of organic
matter (to improve soil structure and to maintain
optimal water) or adding fertilizers in some in-
stances (Mengel et al., 2001; Osman, 2013).
Cation exchange occurs primarily on the
surface of clay minerals and active sites of

Al use subject to https://ww. ebsco.conl terns-of - use



EBSCChost -

288

A. Maity et al.

40 pH 45 5.0 55 6.0 6.5

Very Very
Extreme | strong | Strong | Medium | Slight slight
acidity | acidity | acidity | acidity | acidity | acidity

7.0

7.5 8.0 8.5 9.0 95 pH 10
Very
Moderate strong
Slight alkalinity | alkalinity |  Strong alkalinity | alkalinity

Nitrogen

Phosphorus

Potasium

ACIDITY
H* ION CONCENTRATION

ALKALINITY
OH~ ION CONCENTRATION

Magnesium

- e —————————
—— N T ————————————

Manganese

Boron

Copper and Zinc

Fig. 9.1. Availability of nutrients as influenced by soil pH. (Source: https://www.pda.org.uk/pda_leaflets)

organic matter, because there are negative elec-
trical charges that must be equilibrated by posi-
tively charged cations. The amounts of Ca, Mg,
K and Na are affected by the amount of clay and
organic matter in the soil. Negatively charged
soil particles hold some cations more firmly
than others. Specific adsorption is a highly selec-
tive phenomenon (Mengel et al., 2001; Osman,
2013).

9.4 Mineral Nutrients

All nutritional elements are necessary for
healthy growth and development, flowering and
fruiting of plants. Macronutrients are required
for synthesis and activity of organic compounds
or used for osmoregulation and cellular pH
maintenance. Micronutrients are the constitu-
ents of enzyme molecules and are involved in
photosynthesis, cell membrane structure, and
disease resistance or susceptibility. For example,
sufficient amounts of Ca, B or Zn or an excess of
nitrogen are very important in these cases.
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9.4.1 Nutrient source and their

availability in soil

The distribution of plant mineral nutrients in
a natural soil is extremely heterogeneous. Soil
nutrient concentrations and availability in a
pomegranate orchard may thus vary both spa-
tially and temporally, which greatly affect the
acquisition of nutrients by plant roots. There are
several sources of nutrients for crop production
as follows (Mengel et al., 2001; Osman, 201 3):

®  soil organic matter (plant residues, micro-
organisms, etc.);
mineral fertilizers;
organic fertilizers;
release from parent rocks by weathering
and release from fixed sites in clay minerals
(e.g. K from illite);
atmospheric deposition;
N-fixation by specialized microorganisms.

The use of chemical fertilizers is the most
common and quick method to supply both
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macronutrients and micronutrients. Although
chemical fertilizers have largely contributed to
improved crop productivity, excessive use has led
to environmental and groundwater pollution.
Therefore, it is essential to optimize the appli-
cation of chemical fertilizers to minimize their
adverse environmental effects. Various methods
have been proposed and tested to increase nu-
trient availability in soils. The use of beneficial
soil microbes is one of the novel ways to increase
nutrient availability and reduce environmental
stresses. Soil contains various microorganisms
such as bacteria, fungi, algae and protozoa. In
general, bacteria and fungi play more important
roles in soil processes than other microorgan-
isms. It is estimated that there are about 9 x 107
bacteria and about 2 X 10°fungiin 1 gof atypical
soil. The population of these microorganisms is
greater in the plant root zone (rhizosphere) than
in bulk soil (Glick, 2018). The useful interactions
between microorganisms and plants, as well as
the role of microorganisms in improving plant
growth have been reported (Cosme and Wurst,
2013; Bompadre et al., 2014). Moreover, micro-
organisms play an essential role in increasing
plant resistance to environmental stresses. The
plant growth-promoting rhizobacteria (PGPR)
and mycorrhizal fungi are the main soil microor-
ganisms with plant growth-promoting potential
under stressed conditions. The PGPR are able to
promote plant growth via various mechanisms
including production of beneficial chemical
compounds, such as phytohormones (indole-
3-acetic acid, gibberellins and cytokinins), si-
derophores (Fe-chelating agent), and hydrogen
cyanide (HCN), atmospheric nitrogen fixation
and increasing nutrient availability (such as K,
P, Fe, Zn) by production of organic acids, proton
and phosphatase enzymes. Arbuscular mycor-
rhizal fungi (AMF) increase the uptake of nu-
trients required for photosynthesis (Marschner
and Dell, 1994). Also, in the mycorrhizal sym-
biosis, AMF increase water transport more ef-
ficiently than the non-mycorrhizal plants. This
process improves plant growth under environ-
mental stress conditions such as water deficit
and salinity. Improvement of photosynthesis in
pomegranate inoculated with AMF under dif-
ferent water availability conditions has been
reported by Bompadre et al. (2015). Also, Maity
et al. (2014) reported that Penicillium pinophi-
lum isolated from the pomegranate rhizosphere

significantly increased the growth, photosyn-
thetic rate and nutrient (N, P and K) uptake in
pomegranate. However, the combined applica-
tion of P, pinophilum with insoluble K was more
effective. Inoculation of pomegranate plants
with AMF (Rhizophagus intraradices strains) in-
creased antioxidant defences, including reac-
tive oxygen species (ROS)-scavenging enzymes
superoxide dismutase (SOD), catalase (CAT) and
ascorbate peroxidase (APX) in shoots and roots
under water stress conditions. Aseri et al. (2008)
indicated that the use of Azotobacter chroococcum
and Glomus mosseae alone or in combination im-
proved the growth and biomass production of
pomegranate in both nursery and field experi-
ments. Mir and Sharma (2012) reported that
inoculation of pomegranate cuttings with bi-
ofertilizers (N -fixing bacteria, PSB and AM) in-
creased the growth and biomass production of
cuttings, the rhizosphere microbial activity, and
concentration of metabolites and nutrients.

9.4.2 Nitrogen

The nitrogen sources may occur as soluble in
water, and insoluble N mainly as proteinaceous
materials, or as conjugates with other com-
pounds that are not readily utilized by plants.
Insoluble nitrogenous sources are broken down
into simpler molecules by various fungi and bac-
teria. These simpler molecules are nothing but
ammonic compounds. Nitrosomonas bacteria ox-
idize ammonium salts to nitrite and Nitrobacter
oxidize the nitrite to nitrate. These processes are
collectively known as nitrification. As a result of
the activities of these soil microorganisms, the
complex N-containing substances become avail-
able for absorption by roots. Primary forms of
nitrogen in soil solution are nitrate (NO,~) and
ammonium (NH,") ions. Because nitrate, as a
negatively charged ion is not attracted by soil
particles, it is freely mobile in the soil and is sus-
ceptible to leaching. Nitrate can readily move to
plant roots by mass flow.

On the other hand, ammonium is held firm-
ly as an exchangeable cation on the surface of
negatively charged clay particles. Thus, its mo-
bility in a soil is relatively restricted. Gaseous ni-
trogen (N,) makes up to 78% of the atmosphere
by volume. The plant can use this atmospheric
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N, only after its reduction to ammonium. The
reduction of N, into ammonium is carried out
by certain microorganisms in the process of N
fixation in the soil. Pomegranate trees are un-
able to fix gaseous nitrogen because they do not
have symbiotic nitrogen-fixing bacteria on their
roots, but they have associative symbiosis with
Azospirillum sp., which fixes atmospheric N,
and supplies N to pomegranate plants (Ramos,
1997; Mengel et al., 2001; Taiz and Zeiger,
2002; Osman, 2013).

9.4.3 Phosphorus

Phosphorus (P) occurs in soils in various forms,
which have considerably different availability
to plants. The concentration of P ion in most
soils varies from 0.1 to 10 uM (Raghothama
and Karthikeyan, 2005). In soils, P is present
as inorganic (mineral) and organic forms, and
it is absorbed by roots as phosphate. Generally,
there is no reason to use P fertilizer in decidu-
ous orchard trees, except that planting of cover
crops are supplied. Phosphorus availability to
plant roots depends on soil pH and the amount
of P present. Approximately, 80% of inorganic
P added to soil in the form of chemical fertiliz-
ers is rapidly precipitated, becoming unavailable
for plant uptake. The optimal pH range for maxi-
mum phosphorus availability is 6.0-7.0. When
soils are too acidic, P is tied up on the surface
of iron oxide and aluminium oxide resulting in
precipitation by extremely low soluble iron phos-
phate and aluminium phosphate.

On the other hand, the increase in pH in
alkaline soils leads to the formation of low-
soluble calcium phosphate. Moreover, there is a
slow conversion of iron phosphate, aluminium
phosphate and calcium phosphate to a slightly
soluble form of phosphate, which may take
place over months or years. The relatively low
immobility of phosphate in soils and its presence
in very low concentrations in the soil solution
means that plants can very easily suffer from a
deficiency of this nutrient. The insoluble forms
of P in soil such as Ca,(PO,),, ALLPO, and Fe PO,
can be solubilized by a group of microorganisms.
Thus, the use of phosphate solubilizing bacteria
(PSB) can enhance P availability for plant nutri-
ent uptake. Several studies have indicated that
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inoculation with PSB improved the growth and
yield of various crops (Ramos, 1997; Mengel
etal., 2001; Babana and Antoun, 2007; Osman,
2013; Valetti et al., 2018).

9.4.4 Potassium

Potassium (K) can be present in abundance in
the soil, occurring in various forms: as a struc-
tural element in soil minerals, associated with
organic matter in exchangeable form, in a read-
ily exchangeable or slowly exchangeable form
in clay minerals and as a cation in the soil solu-
tion. By far the largest fraction of K that presents
as a structural component of the soil minerals
is virtually inaccessible to plants. On the other
hand, the clay minerals, which constitute only
a few percent of the total K in soils, usually pro-
vide the major source of K by buffering the soil
solution, which provides the plant roots with K.
During drought periods, K may become deficient
due to (i) the enhanced fixation within the lay-
ers of clay minerals (e.g. illite), which is favoured
by dry conditions, and (ii) by interruption of the
diffusion pathways by which K is usually trans-
ported to tree roots (Ramos, 1997; Mengel et al.,
2001; Osman, 2013).

9.4.5 Calcium and magnesium

Calcium and magnesium are closely related
and have similar chemistry in the soil. Their oc-
currence in the soil solution is in the greatest
abundance compared with all other essential
elements. The cation exchange process signifi-
cantly affects their availability, which amuses
80-90% of the negatively charged exchange
sites on soil particles of rich soils. Under the
acidic condition of soils, they are usually washed
out. Thus the application of lime (calcium car-
bonate) or dolomite lime (a mixture of calcium
carbonate and magnesium carbonate) is rec-
ommended to neutralize the acidity and refill
Ca and Mg. In sandy and neutral soils, Mg defi-
ciency occurs, which is corrected via Epsom salts
(magnesium sulfate) application (Ramos, 1997;
Mengel et al., 2001; Osman, 2013).
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9.4.6 Sulfur

The most abundant sulfur (S) component in
most agricultural soils is organic sulfur. In the
solution of soil, S occurs as sulfate ion (SO,)*".
Generally, it is quite mobile in soil, and there
is a small tendency for S to be adsorbed by soil
particles in certain acid soils. Different S sources
are atmospheric S that is delivered to the soil
through rainfall, and many common fertilizers
including ammonium sulfate, super phosphate
and mixed fertilizers are used as a source of N.
In an experiment in Washington State, it was
stated that water containing more than 1.2 ppm
S from sulfate (equivalent to 3.6 ppm sulfate)
provides sufficient S for crops. Even with insuf-
ficient annual S addition, deficiency may not de-
velop until the store of S in soil organic matter
is exhausted (Ramos, 1997; Mengel et al., 2001;
Osman, 2013).

9.4.7 Micronutrients

Micronutrient availability is affected greatly by
soil pH (Ramos, 1997; Taiz and Zeiger, 2002).
Most micronutrients are only poorly accessible
to plant roots at high pH, but availability in-
creases as soil pH decreases.

The solubility of iron oxide and manganese
oxide significantly control their availability.
Both of them are affected by oxidation and re-
duction processes. Via an oxidation reaction fer-
rous iron (Fe**) transforms to ferric iron (Fe’*);
the reverse is the reduction. In well-aerated
soils, the oxidized ferric form is dominant,
which in oxide form has low solubility. In the
Mn ion (Mn?*), oxidation occurs after it has pre-
cipitated, and the final product is called man-
ganese dioxide, in which Mn has a 4* charge.
The soil pH condition affects the solubility of
both ferric oxide and manganese dioxide: their
solubility decreases rapidly as soil pH increases,
and despite enough Fe and Mn content in most
soils for plant growth and development, defi-
ciency occurs because of their unavailability to
the plants. Lowering soil pH improves the avail-
ability of these elements, which can be achieved
by the soil incorporation of elemental sulfur.
Microorganisms convert sulfur to sulfuric acid.
It is recommended to apply the S in a band

rather than broadcasting because banding con-
centrates the acidification and only part of the
soil needs to be acidified to improve Fe and Mn
availability. Depletion of soil O, increases re-
duction reactions leading to the reduction of
ferric oxide and manganese dioxide to the high
concentrations of ferrous and manganous ions
that become toxic to plant roots (Ramos, 1997;
Mengel et al., 2001; Osman, 2013).

The concentration of zinc (Zn) and cop-
per (Cu) elements in soils is much less than Fe
and Mn. The pH-dependent adsorption process
probably dominates in controlling Zn and Cu
availability. A soil pH of 6.5 is something of a
dividing point: as pH increases above this level,
their availability is severely limited. Moreover,
the amounts of Zn and Cu present in the soil
and also the extent of surface adsorbtion are ad-
ditional factors, contributing to their availabil-
ity in the soil. These are immobile, so fertilizing
with Cu or Zn under deficiency conditions is not
useful. As with Fe and Mn, it is recommended to
amend the soil to make it less alkaline (Ramos,
1997; Mengel et al., 2001; Taiz and Zeiger,
2002; Osman, 2013).

Boron is held on soil particles to some ex-
tent and occurs in the soil solution as borate an-
ion (H,BO,)™ in alkaline soils or as neutral boric
acid (H,BO,). A narrow concentration range of
B in soil solution produces healthy growth and
development, and below or above this range, de-
ficiency and toxicity may arise. For correction of
the deficiency, application of borax or boric acid
is useful. Toxicity is often due to using irriga-
tion water high in B, usually from well sources
(Ramos, 1997; Mengel et al., 2001; Taiz and
Zeiger, 2002; Osman, 2013).

Molybdenum (Mo) occurs as the molybdate
ion (MoO,)*", which is required by plants only
in small amounts. In acid soils, and via specific
adsorption, Mo is removed from the soil solu-
tion similar to the way phosphate is removed
(Ramos, 1997; Mengel et al., 2001; Taiz and
Zeiger, 2002; Osman, 2013).

Chlorine (Cl) occurs in soils as the highly
mobile chloride ion (Cl7), which is only needed
by plants in small amounts. The wave action
of the ocean adds Cl to the atmosphere, sup-
plying the small plant requirement via annual
rainfall, and by importation with surface irriga-
tion (Ramos, 1997; Mengel et al., 2001; Osman,
2013).
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9.4.8 Orchard practices influencing
nutrient availability

Pomegranate trees are long-lived plants that can
remain productive for several years. With the ex-
ception of the establishment year, orchards soils
should not be disturbed by ploughing or tillage
as happens in arable land. In orchards, all soil-
related activities are focused on the control of
herbaceous flora growing between the tree rows.
In general, there are three options for managing
the orchard floor (Ramos, 1997; Kumar, 1997;
Bose et al., 2001):

® Keeping the soil bare without any grass/
herbaceous vegetation or other coverage.

®  Covering the soil with either living vegeta-
tion or with natural or artificial materials.

®  The mixed system of (i) spatial variation of
bare and covered areas or (ii) temporarily
covered areas.

In practice, the choice of the appropri-
ate system is more or less a question of water
availability in a particular region. In dry cli-
matic areas, the soil has to be kept free from
any vegetation other than pomegranate trees
in order to eliminate the competition for water
as well as nutrients. In more humid areas, only
young pomegranate trees have to be protected
from herbal vegetation. It is well accepted that
under undisturbed grass/herb vegetation, soils
develop good structure, optimum aeration and
organic matter content. On the other hand, the
competition of herbs with pomegranate trees
for water and nutrient resources is not negligi-
ble. Tree roots are very sensitive to the biological
status of the soil surface so fine root distribution
between different soil layers can vary. In con-
trast, under grass vegetation, the fine roots are
found at greater depth where there is less com-
petition with the grass roots. Annual plants are
much more effective than pomegranate trees in
absorbing nutrients including those that have
been applied as fertilizers. Many studies have
shown that the mineralized N content (N ) in
the 0-30 cm soil layer under grass or organic
mulches is higher than at lower levels (Sanchez
etal., 2007).

For pomegranate orchard management,
supplying of fertilizers, the release of biochem-
icals (e.g. from organic substances or humic
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matters) produced from their incorporation
into the soil and the fixation of mineral nu-
trients are the most important factors influ-
encing the nutrient balance in the soil. The
availability of nutrients to plant roots is a func-
tion of conditions in the soil and of its biologi-
cal activity. In general, plant roots only absorb
nutrients that are dissolved in the soil solution
and present as ions. In their acquisition by tree
roots, nutrients must be transported in the soil
solution to the root surface. Two main process-
es are involved in this movement: mass flow
and diffusion. The mass flow of nutrients to
roots is facilitated by transpiration. For most of
the nutrients that are present in relatively high
concentrations (NO,~, Ca**, Mg**), mass flow is
how they are transported to the root surface.
However, for K and particularly for P the ionic
concentrations in soil solution are compara-
tively low, so that the amounts transported
by mass flow are not high enough to meet the
plant nutrient requirements. These two nutri-
ents move to the roots by the physical process
of diffusion, that is, down the concentration
gradient induced by the removal of these nu-
trients at the plant root surface during uptake.
Factors that disturb this process, therefore, in-
duce deficiency.

9.4.9 Function of nutrients

There are numerous publications on the func-
tion of mineral nutrients in fruit trees, which
deal mainly with growth and physiological as-
pects (Ferree and Warrington, 2003; Gradziel,
2017). Today, mineral nutrition has to be con-
sidered more in relation to aspects of fruit qual-
ity rather than to yield. Fruits are regarded as
healthy food, and thus fertilization of pome-
granate trees is not only a means of increasing
productivity of the plant, but also of promoting
the formation of valuable components within
the fruit.

Nitrogen (N) is the driving force for veg-
etative and generative development of the trees.
Besides its promoting effects on shoot growth, N
is necessary for flower bud formation, fruit set
and fruit development. The influence of N on
fruit properties that are related to human health
is ambiguous. On the one hand N promotes the
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development of a growing fruit, but, on the
other hand, the formation of some vitamins,
colour pigments (carotenoids and anthocya-
nins) and aroma compounds can be suppressed
by an excess of N and the optimum sugar—acid
ratio can be impaired. Nitrate as an N source is
more effective than NH, or urea in maintaining
a physiologically adequate level of Ca in fruits.
Nitrogen is also effective in the distribution and
absorption of other nutrients in the plant (Zekri
and Obreza, 2003).

Phosphorus (P) is mostly related to flower-
ing and fruiting as well as to the energy metabo-
lism of the plant. Phosphorus promotes yield by
increasing the number of flowers, fruit set and
fruit size. Phosphorus level seems to be the regu-
lator of meristematic activity. It has a beneficial
effect on fruit quality parameters such as fruit
and skin firmness. Also, P is a vital nutrient for
several plant functions such as carbohydrate
metabolism and transport (Vance et al., 2003).

Potassium (K) is the second most impor-
tant nutrient for pomegranate trees in terms of
the requirement. Being very mobile within the
plant, K is not directly involved in the structural
components of the tree but it plays a major role
in a number of physiological processes. These in-
volve water relations of the tree, raising frost tol-
erance and lowering the susceptibility of plants
to attack by pests and diseases, as well as a wide
range of biochemical processes in the develop-
ing fruit. Potassium participates in numerous
enzymatic reactions and is an important factor
in the development of fruit colour, total soluble
solids (TSS) and vitamin C content (Khayyat
et al., 2012). K is the key nutrient in osmoregu-
lation and the maintenance of cell turgor and
therefore closely related to the firmness of the
fruit. Fruits rich in K are more resistant to sun-
scald (Ebert, 2009). However, too much K in re-
lation to Ca can induce fruit disorders.

Calcium (Ca) unlike K is the typical structural
nutrient element in the tree and the fruit. Calcium
forms bonds in the middle lamellae and the micro-
fibrils of the fruit tissue, and is therefore crucial for
fruit firmness. Ca also has an essential function in
the maintenance of cell membrane integrity: Ca
deficiency causes membrane leakage and favours
the onset of diseases (Orlov et al., 2005; Marathe
etal., 2016a).

Magnesium (Mg) functions as the central
atom of the chlorophyll molecule in the plants;

however, its role in the growth and development
of pomegranate trees is often underestimated.
More than 60% of Mg is located elsewhere in the
cell and is involved in numerous metabolic reac-
tions. In terms of fruit quality, Mg improves fruit
size and colour, increases sugar content, and
promotes the formation of aroma compounds
and acidity (Marschner, 1995; Marathe et al.,
2016a).

Sulfur (S) is essential for protein synthesis and
the formation of aromatic compounds in the fruit.
Sulfur containing substances can either enhance
the plant’s tolerance to diseases or act as repellents
to pests. The tripeptide glutathione plays a key role
in the formation of substances that are involved in
stress alleviation of both biotic and abiotic stresses
(i.e. heat and cold stress) (Marschner, 1995; El-
Rauof and Dawoud, 2015; Marathe et al., 2016a;
Cannon and Ho, 2018).

The significance of micronutrients in
fruit quality has not been evaluated in detail.
However, most of the physiological processes
depend on the action of iron (Fe), manganese
(Mn), copper (Cu), zinc (Zn) and boron (B),
which are involved in numerous enzymatic re-
actions. Micronutrient deficiencies in trees ap-
pear mainly on soils with a high pH, where their
availability is very low. Deficient trees develop
characteristic leaf symptoms (Bose et al., 2001;
Ramos, 1997; Ferree and Warrington, 2003;
Marathe et al., 2016a).

Iron (Fe) is an abundant element in soils,
mostly present in its oxidized form Fe3* but to be
available to the roots of most plant species in-
cluding pomegranate trees it has to be chemical-
ly reduced to Fe?*. The role of Fe in the formation
of fruit quality compounds is not clear. However,
the element is closely linked to CO, assimilation
in the leaf with 80% of total Fe in plants being
localized in the chloroplasts. In addition to that,
Fe is an activator of many biochemical process-
es such as regulation of oxidation/reduction
pathways. The mobility of Fe in the tree is very
low, as is also true of Zn, therefore young leaves
and shoots show typical deficiency symptoms
(Marathe et al., 2016a).

Manganese (Mn) is also involved in CO, as-
similation and respiratory pathways. The ele-
ment plays a crucial role in N assimilation and
Mg uptake. It activates enzymes and regulates
membrane permeability. Over a very narrow
concentration range, Mn favours the formation
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of green colour pigments in fruits. Manganese
improves fruit size and also fruit yield attributes
(Marschner, 1995).

Zinc (Zn) is one of the most deficient micro-
nutrients in soils worldwide, and Zn deficiency
is present in many calcareous or alkaline soils.
The element is essential for fruit set of trees. It
has a strong influence on elongation growth.
Zn-deficient trees have very short internodes
resulting in rosette-like, stunted shoots known
as ‘little leaf’. This appears to relate to the re-
quirement of Zn for the synthesis of the growth
hormone indole acetic acid (IAA) (Marschner,
1995; Arteca, 1996; Khorsandi et al., 2009;
Marathe et al., 2016a).

Copper (Cu) is of crucial importance for
growth-related processes such as in meris-
tematic tissues as well as in xylem development
(Marschner, 1995; Adrees et al., 2015).

Boron (B) imparts a beneficial effect on fruit
set and yield, which is demonstrated by the phys-
iological evidence of a high requirement of B
during the reproductive phase of growth. B can
suppress postharvest disorders and/or influence
the uptake and deficiency of Ca. Recent studies
have pointed out the role of B in alleviating wa-
ter deficiency stress in plants and in enhancing
frost resistance of trees (Cooling, 1967; Cooling
and Jones, 1970; Hanson and Breen, 1985). B
deficiency impairs Ca transport in trees and may
lead to Ca deficiency in fruits. This microele-
ment is most strongly connected to fruit quality
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(Marschner, 1995; Bose et al., 2001; Korkmaz
and Askin, 2013).

9.4.10 Nutrient uptake pattern and their
removal with harvest

Plant nutrient uptake is quite variable because
it is dependent on specific site conditions during
the growing season and plant developmental
stages (Fig. 9.2). As a result, uptake of nutrients
from the soil may vary considerably from year
to year and from orchard to orchard. The yield
and quality of fruit trees are influenced by the
nutrient dynamics of the plant. Although, in
the early stages of fruit development carbon and
nutrient demand of fruit and leaves may be met,
in part by redistribution from storage pools in
perennial tree organs, in the later stages, devel-
oping fruit may draw on labile nutrient pools in
pre-senescent leaves (Ramos, 1997; Ferree and
Warrington, 2003). Thus, it is necessary to un-
derstand the redistribution pattern of different
nutrients from foliar parts to fruit as the major
sink during its developmental stages, so that the
nutrient may be supplemented at the right time
and with the proper perspective. The concen-
tration of N, P, K, S, Fe, Zn and B in leaves were
shown to decrease while Ca, Mg, Mn, and Cu
concentrations increased during fruit growth
and development (Raghupathi and Bhargava,

Ca
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bitdod
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Fig. 9.2. Seasonal changes of macronutrients in pomegranate fruit. (Source: Maity et al., 2017.)
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1998). Mirdehghan and Rahemi (2007) stated
that the concentration of most elements in arils
and peel decreased during fruit growth and
development. Major nutrient (N, P and K) con-
centrations in fruit declined at two rates, very
sharply during 15-75 days after full bloom
(DAFB) and then gradually in the following days
until harvest (Fig. 9.2).

On the contrary, the concentration of Mg
in fruit continued to increase during the fruit
growth period, while Ca concentration increased
up to 90 DAFB and then sharply declined at 105
DAFB and remained almost stable during the
rest of the period. However, S concentration
decreased very fast during 75-135 DAFB and
stabilized before harvest. The relative order of
macronutrient concentrations in fruit at fruit set
(i.e. 15 DAFB) and the fruit enlargement stage
(15-60 DAFB) was N > K > Ca > P > S > Mg,
while at the fruit development stage (60-120
DAFB) the order of macronutrients was K > N >
Ca>P > Mg > S. Likewise, at harvest the relative
order of concentrations of macronutrients in
fruit was K > N > Ca > Mg > P > S. Considerable
accumulation of nutrients occurred during the
early fruit development stage and continued un-
til harvest for most of the primary nutrients. For

400

some elements, including Ca, N, P and K, there
was a good linear relationship (R? = 0.90-0.94)
between the growth period and nutrient ac-
cumulation (Al-Maiman and Ahmad, 2002;
Mirdehghan and Rahemi, 2007).

Concentrations of micronutrient cations
(Fe, Mn, Zn and Cu) in fruits also decreased from
a maximum just after fruit set to the minimum
at fruit harvest (Fig. 9.3). Manganese concen-
tration dropped very fast within 30 DAFB, while
the same happened with Fe and Zn through-
out 75 DAFB (Al-Maiman and Ahmad, 2002;
Mirdehghan and Rahemi, 2007).

In comparison, Cu concentration declined
gradually throughout 105 DAFB, and B con-
centration fell at a slower pace throughout the
fruit growth and development period to a mini-
mum at harvest. By harvest, the micronutrient
present at the highest concentration in fruit was
Fe (130.93 mg/kg), followed by Mn (32.87 mg/
kg), B (24.07 mg/kg), Zn (17.47 mg/kg) and Cu
(3.17 mg/kg), respectively. During fruit enlarge-
ment, demand for P, K, Fe, Mn and Zn were high,
while during fruit development the requirement
for N, Ca, Mg, S and Cu were high. Therefore, it
is necessary to supplement with a good balance
of macro and micronutrients according to their

—0— Fe
_A—
350 Mn
—e— Zn
= 300 —>=Cu
2
o —X— B
£ 250
:‘5
£ 200
c
2
£ 150
c
[0]
[$]
5 _
8 100
SO*A\A_/\ X N i .
XX —X— 7 AR v SR v AR, v AN
0 T T T \X\X\Y\X\Y\X\Y\X‘\

15 30 45 60 75 90

105 120 135 150 165 180

Days after full bloom

Fig. 9.3. Seasonal changes of micronutrients in pomegranate fruit. (Source: Maity et al., 2017).
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Table 9.2. Nutrient removal with harvest for producing 10-t pomegranate fruit yield per hectare.

Cultivar N P K Ca Mg S Fe Mn Zn Cu

kg 9
‘Ganesh’ 1120 2.00 1740 454 066 1.46 184.00 9.50 26.00 13.00
‘Bhagwa’ 1387 143 1554 287 185 040 14060 3530 18.76 3.40

Source: Raghupathi and Bhargava (1998).

demand before fruit set and growth in order to
achieve desirable fruit quality.

The removal of nutrients by fruits is usually
much lower than field crops (e.g. cereals, tuber
crops) because the nutrient element concentra-
tions in fruits are relatively low (Al-Maiman and
Ahmad, 2002; Mirdehghan and Rahemi, 2007).
Nitrogen recommendations for pomegranate
trees are higher than the amount present in
the fruit because N and other nutrients are also
incorporated into leaves, stems and roots. It
has also to be taken into account that minerals
stored in leaves, stems and roots are not export-
ed from the orchard but are stored in the plant to
be redistributed to the major sink of the tree dur-
ing the following years. Potassium is by far the
most abundant nutrient element in fruits and is
exported from the orchards with the harvested
fruits in substantial amounts, followed by nitro-
gen and calcium. The cultivar ‘Ganesh’ removes
more calcium from orchard soil than ‘Bhagwa’
(Table 9.2). Among the micronutrients, iron is
the most abundant in the fruit and is removed
from orchard soil in considerable amounts with
the harvested fruit. It should also be pointed out
that the K/Caratio is higher in ‘Bhagwa’ in com-
parison with ‘Ganesh’ as this cultivar removes
high amounts of K and relatively low amounts
of Ca, which may induce a K-Ca imbalance. It
also suggests that ‘Bhagwa’ is more susceptible
to Ca deficiency in the fruit and requires more
careful monitoring of Ca nutrition (Raghupathi
and Bhargava, 1998).

9.5 Nutrient Deficiency Symptoms

Both nutrient deficiency and toxicity are re-
flected by characteristic symptoms on leaves.
Although a bit late, the occurrence of visible
deficiency symptoms can be used as a simple
indication of nutrient imbalances in the plant.
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Different behaviours are seen among nutrient
elements. Most of the macronutrients, including
N, P, K and Mg, are supplied from soil or remo-
bilization from stores in the older leaves. Thus,
symptoms of deficiency appear first in these old-
er leaves. On the other hand, the main source of
Ca, B, Fe, Zn, Cu and Mo for the growing plants
is the soil, and they cannot be remobilized from
older leaves. Therefore, deficiency symptoms for
these elements are seen first in youngest leaves.
Roots are very a important organ in acquiring
nutrients for their growth and development and
also for nutrient transport to aerial parts. Many
factors including soil nutrient availability, the
size and the health of the root system, the soil
area that is occupied by roots, chemical and
physical characteristics of the soil, root diseases,
soil moisture and temperature, competition be-
tween roots and stress conditions around the
root zone affect nutrient acquisition by roots.
Certain nutrient deficiencies strongly affect root
growth and branching. Deficiencies in K, P and
N reduce branching of the root system and also
root length (except for N). The leaf deficiency
symptoms as described in Table 9.3 are indica-
tive of progressive and severe deficiency, which
should be rectified with proper fertilization prac-
tices (Marschner, 1995).

9.5.1 Management of nutrient supply

Like many other fruit trees, high yields and
fruit quality of pomegranate are achieved with
soils and irrigation water that are good qual-
ity, with desirable levels of salts and low salin-
ity. For example, salinity often creates some
field problems including decreased soil-water
availability, reduced rates of water infiltration
into the soil and plant tissue toxicity (Ashraf,
1994; Marschner, 1995; Ashraf and Harris,
2004; Silva-Ortega et al., 2008). To diagnose
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Table 9.3. Mineral nutrient deficiency symptoms in pomegranate.

Nitrogen (N)

Phosphorus (P)

Potassium (K)

Calcium (Ca)

Magnesium (Mg)

Sulfur (S)

Iron (Fe)

Manganese (Mn)

Zinc (Zn)

Copper (Cu)

Boron (B)

Molybdenum (Mo)

Uniform yellowing of whole leaves appears initially on lower and mature leaves.
These leaves become stiffer and break into pieces on folding. At the advanced
stage, leaves are light green to yellow (chlorosis). Early leaf drop, retarded
growth of the plant organs including shoots and roots. Massive number of
flower buds and hermaphrodite flowers per plants, but small fruit. Reduction in
the plant biomass (Fig. 9.4a)

Deficiency symptoms prominently appear on young leaves. Small, but dark
green leaves, sometimes with red margins. Leaf margins turned upward and
with tunnel-like shape. The growth of the plant is retarded. Delayed bud burst.
Poor flowering and fruiting. Reduction in the plant biomass (Fig. 9.4b)

Deficiency symptoms appear initially on older leaves. Older leaves with chlorotic
margins, later turning necrotic, beginning from the leaf tip. Many brown spots
appear on the dorsal side of leaves along the leaf margin starting from the

tip. Leaves sometimes curled. Weak branches, poor quality of fruits, shorter
postharvest life (Fig. 9.4c)

Chlorosis of young leaves initiates with the purplish colouration of the
interveinal area, midribs lighter in colour. Veins remain green during initial stages
and become yellow at later stages. The yellow portion of the leaf tip acquires
inverted ‘V’ shape. At an advanced stage, yellow portion of leaves turns dark
brown in colour, and half of the leaves from the tip dry up. Leaf drop, dieback of
branches. Twisted and deformed tissues at the growing tips. Reduction of root
dry weight (Fig. 9.4d)

Mature leaves become chlorotic, starting from areas in the region of the midrib
(interveinal chlorosis), then progressing later from the centre to the leaf margins.
Leaves are sometimes curled. Initially, grey patches appeared on side margin of
the leaves and subsequently spread on the whole leaf (Fig. 9.4e)

Similar to N deficiency, chlorotic, pale green leaves. In contrast to N deficiency,
young leaves are more affected. Yellowing starts in the middle of the leaf
around the midrib and interveinal areas turn yellow in colour, and the whole leaf
becomes pale yellow. The intensity of yellowing is very low as compared with
nitrogen deficiency (Fig. 9.4f)

Young leaves become yellow, but their veins remain green. Leaves may lose all
pigments and turn white, later necrotic (Fig. 9.4g)

Similar to Fe deficiency, but veins have a green seam, chlorotic interveinal areas
turn pale green to yellow, sometimes necrotic spots (Fig. 9.4h)

Similar to Fe deficiency, leaves are small, twigs are stunted and rosette-like. The
deficiency is first pronounced as interveinal chlorosis in young and mid-shoot
leaves. Poor flowering and fruiting (Fig. 9.4i)

Young leaves turn yellow or pale, necrotic leaf tips and margins. Dieback of
young shoots and necrosis of the apical meristems, small sized fruits. Leaves
on top of the plant show unusual puckering with veinal chlorosis

Leaf chlorosis or yellow spots, smaller leaves with a hard leaf texture. Stems
and leaves distorted. Malformed and cracked fruits. Reduction of root dry
weight (Fig. 9.4j)

It could reveal itself as interveinal yellow spotting and mottling of older leaves.
Reduction of root dry weight

Source: Marathe et al. (2016a).
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Fig. 9.4. Nutrient deficiency symptoms in pomegranate trees (a) nitrogen deficiency, (b) phosphorus
deficiency, (c) potassium deficiency, (d) calcium deficiency, (e) magnesium deficiency, (f) sulfur
deficiency, (g) iron deficiency, (h) manganese deficiency, (i) zinc deficiency and (j) boron deficiency.
(Photos: Ashis Maity.)

deficiencies or toxicities, soil and plant analy-
sis and also water analysis in some cases are
essential for the determination of the cause of
the deficiency or toxicity. For precise analysis,
good sampling should be conducted. Two types
of sampling can be done: annual or biannual
sampling for routine monitoring of soil and/
or water. Marginal soil/water quality is often
found in the area under development, and thus
sampling prior to planting an orchard is essen-
tial and should be continued annually or bian-
nually. Sampling is necessary when problems
appear in conditions where soil and water are
mostly uniform and of good quality, and previ-
ous crops have shown no toxicity symptoms.
However, annual sampling may be more use-
ful than biannual sampling, because it allows
salinity conditions to be checked and rectified
before and during the early stages of develop-
ment using the easiest and cheapest methods
with also fewer adverse effects on the orchard.

9.5.2 Soil test

Like other tree fruit crops, fertilization of pome-
granate trees should always be based on the soil
nutrient test for the orchard soil (Marathe et al.,
2016b; Gawada et al., 2018; Thanari and Suma,
2018). Information about the nutrient reserves
can prevent the producers from under- or over-
estimation of the trees’ demand; meanwhile,
other influencing factors such as climatic condi-
tion, physiological stage and the expected yield
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level should always be considered. To assess the
nutrient levels in the soil, representative samples
need to be analysed using laboratory equipment.
Thus, the grower himself often collects the sam-
ples, but chemical analysis is carried out in a
specialized laboratory. Soil analysis alone has
limitations, because regarding root growth and
development, the sample may not accurately
represent the soil that roots are feeding from.
It is possible to take a soil sample at any time
of the year, because the level of elements does
not change significantly throughout the year.
However, some elements, such as nitrogen, may
be lost because of the denitrification process,
and under prolonged wet soil, leaching of NO,,
Cl and Na, and to some extent B, may happen.
Thus, when looking at these elements, time of
soil sampling and also time and volume of prior
irrigation or rain should be taken into account.
The following factors must be considered while
sampling soil for chemical analysis:

e  Sampling from different spots around the
tree may lead to better representation,
because soil may not be homogeneous
throughout the orchard. In many cases,
nutrient deficiencies are associated with
localized soil differences such as those as-
sociated with old riverbeds, differences in
topography, sand deposits and so on. In
some situations, deep sampling should be
performed to determine the depth of a high
concentration of a toxic element. Generally,
soil samples should be collected from the ar-
eas in which the roots are active, although
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this is often difficult to determine. Salinity
may vary considerably throughout the
orchard; thus, achieving representative
soil samples is challenging (Pennock et al.,
2007).

®  Considering the rainfall patterns and ir-
rigation scheduling and water distribution
(drip-wetted area in drip irrigation), soil
samples should be prepared at the same
time each year or every couple of years.
Thus, the effect of water volume and evap-
otranspiration on salinity distribution and
accumulation is removed. The method of
irrigation and uniform watering must be
considered when sampling is done. A small
quantity of water (5-10 cm depth per ap-
plication) frequently used over several days
is more useful for moving the salinity below
the root zone than an equal depth of water
applied in one large flood irrigation. Drip
irrigation that leaves a minimum of wet-
ted soil on the orchard floor is more useful
for leaching during summer than flood ir-
rigation (Mahmoud and Sheren, 2014).
However, it is important to avoid long pe-
riods of saturation. In flood-irrigated or-
chards, sampling 1.5-3 m to the side of
the tree row will be indicative. In sprinkler-
irrigated trees, samples should be collected
across the sprinkler including soils from the
centre of the wetting pattern (these receive
the most applied water) and soils from the
edges of the wetting pattern where salinity
is accumulated.

It is recommended to sample after harvest
time, because irrigation is commonly delayed or
restricted during harvest and this leads to salin-
ity accumulation in the root zone. Moreover, au-
tumn sampling gives better results than winter
sampling if additional irrigation water is needed
for reducing salt contents during winter, be-
cause the trees are dormant in winter and least
sensitive to overirrigation.

The area sampled should be restricted to
a uniform soil type or condition within the or-
chard. Sample the same depth of soil in at least
nine locations within a section of land that is
considered to have a similar soil type. One large
sample is needed; thus mix the samples together.
For each soil depth and type, separate samples
are combined and drying is recommended. If

there are several distinctly different soil types,
soil textures, drainage conditions or depths to
impervious layer, or if different fertilizer or crop
histories exist in the orchard, they should be
sampled separately. In micro-irrigation systems,
after winter rainfall in spring check the soil sa-
linity. Uniform tree growth is a useful index of
uniform soil type. For large orchards, the area
included in any one soil sample collection gener-
ally should not exceed 10 acres (4 ha). In a 10-
acre orchard, a minimum of 10-20 subsamples
is suggested.

Sample topsoil and subsoil separately. Most
surface-applied fertilizers move slowly into the
soil or may be bound to soil particles near the
surface. As a result, surface soil samples often
more closely reflect the accumulation of nutri-
ents from recent fertilizer applications, while
subsoil samples may indicate either inherent soil
fertility or the effect of a long-term fertilization
programme. Separate soil samples of surface
and subsurface provide a means of evaluat-
ing both of these factors. For a topsoil sample,
scrape away the surface 2—3 cm of soil, then col-
lect samples from the 0-30 cm depth and a sepa-
rate sample from the 30-60 cm depth. A 0-8
cm depth crusting problem may be observed,
because high salinity and excess sodium/chlo-
ride levels in irrigation water lead to restricted
water penetration. Subsoils at 25 c¢cm to 150
cm depths will show the typical depth of water
penetration and salt accumulation. If infiltra-
tion is a problem or the irrigation period is too
short, salinity accumulation in the top 30-60
cm will often be higher than the 90-120 cm
depths. Although samples may be collected with
a spade, a soil auger is usually a more conveni-
ent tool. Sampling should be done thoroughly
throughout the area being tested (Ramos, 1997;
Ferree and Warrington, 2003). Thoroughly mix
the subsamples together to provide a sample for
the soil test. Take about 800 g of the sample to
the laboratory the same day; however, if you
have to wait a few days to submit the sample,
then air dry it by exposing the sample on a paper
under wind flow (Ramos, 1997; Gregorich and
Carter, 2007).

Standardized analytical procedures have
been developed for the assessment of macro- and
micronutrients. The results quantify the pool of
nutrients in the soil that is available for plant
roots. For both K and P, the available fraction is
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much lower than the respective total contents
of these nutrients in the soil. In addition to the
nutrient concentration in soil or water, the sa-
linity condition also may be seen. Three types of
salinity conditions are present in the field: excess
root zone salinity, poor water penetration rates
and accumulation of specific elements to toxic
levels, which are diagnosed by salinity analysis.
Excess root zone salinity leads to a reduction of
soil-water availability and decreases its absorp-
tion by roots. These soils have a greater potential
to retain water and the plant must exert more
energy to absorb its required water.

Moreover, if these soils contain sufficient
amounts of water, plants may show water stress
symptoms. Leaching of salts is very important to
cope with this problem. Poor water penetration
can reduce water uptake and root zone aeration,
which results from a high proportion of Na.
Under this status, and when irrigated, soil aggre-
gates and structures will be dispersed into parti-
cles. Both salinity (via EC, or EC,) and sodicity
(via SAR) should be measured. High amounts of
Mg and/or K cause the soil to become less stable
and more impermeable. Moreover, when the Mg
to Ca ratio exceeds 1:1, infiltration may occur
(Quirk and Schofield, 1955).

In terms of toxic accumulation, Na, Cl and
B are the primary ions of concern. Under their
toxicity, trees accumulate these elements in the
woody tissues and eventually in leaves. Leaf
burn on margins often results from excess Cl
or Na in leaf tissue. In B toxicity, the margins
of foliage develop leaf burn that develops into
interveinal necrosis with twisting and curling.
Toxicity of nitrate-nitrogen (NO,-N) becomes a
concern when too much N fertilizer is applied,
leading to large, curled or cup-shaped leaves and
temporary defoliation before a tremendous re-
growth. The concentrations of NO-N in irriga-
tion water and soil are very important Ramos,
1997; Erez, 2000; Wallender and Tanji, 2011).

9.5.3 N-min method

This method allows the mineralized fraction of
the soil to be assessed, thereby indicating the
current amount of nitrogen that is available
for the tree. Usually, shortly before flowering,
soil samples are taken from a depth of 0-30 cm
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and 30-60 cm within the tree rows. N-min val-
ues, which include extracted nitrate and some
ammonium N, can vary markedly due to spe-
cific site conditions and microclimatic factors.
However, this method provides valuable data in
estimating the appropriate N application. The
requirement of pomegranate trees for vegetative
growth and fruit yield has to be estimated taking
into account both the current status of available
N and the potentially available N from the soil re-
serves in order to obtain maximum quality fruit
and to avoid N losses by nitrate leaching into the
groundwater or by denitrification.

Available P, K, Ca, Mg and S are analysed
from mixed soil samples using different extrac-
tion methods, which simulate the activity of tree
roots in nutrient removal from soil. For mean-
ingful interpretation of soil test data, soil fertility
norms developed for pomegranate (Table 9.4)
are used. If the soil test value for any nutrient
is below the optimum range, the application
of that nutrient will result in yield response.
If it is within the optimum range, the amount
of nutrients removed by the harvested fruit of
the previous crop need to be supplemented, al-
though many studies show a poor relationship
between soil test results and leaf analysis in the
orchard. The major limitation in using soil test-
ing to evaluate the nutrient status of orchards
is associated with problems in obtaining samples
representative of conditions throughout the root
zone and throughout the orchard. In existing
orchards, soil testing provides the additional in-
formation necessary for interpreting the results
of leaf analysis and in formulating fertilization
programmes.

9.5.4 Plant analysis

Soil nutrient analysis does not always provide
sufficient information about the bioavailabil-
ity of nutrients to trees. Therefore, additional
plant analysis is recommended in order to as-
sess the uptake of nutrients from the soil. Leaf
analysis provides a complete picture of the
current nutritional status of the trees. Many
factors that influence leaf composition must be
considered when interpreting leaf analysis re-
sults. Leaf sampling technique forms the basis
for any leaf analysis programme for judicious
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fertilization. The levels of most elements vary
with leaf age, either during the season or
along the shoot. Different sampling methods
may be chosen. If the aim is to determine the
problem in an isolated tree or area, sampling
a few poor and some good trees should suf-
fice. If a determination of nutrient status in
a large orchard is required, a survey contain-
ing trees from many sites within the orchard
is needed. Looking for abnormal symptoms in
foliage or growth is useful to diagnose nutri-
tion problems. Often the location and shape of
the symptom can be used to identify a nutrient
deficiency. To compare leaf samples to stand-
ard, the leaves sampled must be comparable in
physiological age to those used in developing
the standards (Jones Jr, 2001).

Thus, sampling should be done in the
month of April or August for February or June
fruiting, respectively. In the northern hemi-
sphere, August sampling, and for the southern
hemisphere, April sampling should be consid-
ered. Leaf analysis standards are based on leaf
pair samples collected from the eighth node
from the growing tips (Maity et al., 2017) as it
was found that most of the nutrients are stabi-
lized in the eighth leaf pair from the growing
tips (Fig. 9.5). Samples should consist of 100
leaves collected from several trees (5 trees, 20
leaves from each) in the area being sampled.
Trees may be selected at random or by follow-
ing a predetermined pattern. No more than
two leaves should be taken from an individual
terminal shoot.

Fig. 9.5. Pomegranate leaves sampled for tissue
nutrient analysis. (Photo: Shinsuke Agehara.)
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9.5.5 Interpretation of leaf analysis

results

Foliar diagnosis is very difficult and requires
years of experience, because symptoms vary
with time and plant species, and they can be
affected by environmental conditions and the
occurrence of multiple deficiencies in the same
tree. Identifying the marginal deficiencies is also
very difficult, and conditions such as low tem-
peratures, waterlogging, the presence of toxic
elements, mechanical and spray damage may
be misinterpreted as nutrient deficiency (Ramos,
1997). The first step in evaluating the nutrition-
al status of orchards is to compare results of leaf
analysis (Gosavi et al., 2017) with a set of stand-
ard values (Table 9.5).

Nitrogen (N): The most desirable N manage-
ment programme provides a relatively high ni-
trogen status early in the season to encourage
rapid leaf development, flower bud formation
and fruit set and then allows nitrogen to decline
gradually as the season progresses to favour
fruit colour development. Optimum growth
of young trees is associated with leaf nitrogen
values of approximately 1.31 to 2.15% (Gosavi
etal., 2017). As the tree matures, less vegetative
growth is required and the satisfactory level of
nitrogen is generally reduced to improve colour
development and fruit firmness. It is clear that
optimum levels of copper improve the uptake of
N by the plants (Malvi, 2011).

Phosphorus (P): leaf P level above 0.13%
usually indicates an adequate supply of P within
the trees (Gosavi et al., 2017). Since the avail-
ability of phosphorus is strongly influenced by
soil pH, low leaf phosphorus values frequently
indicate a low soil pH condition that is limiting
the availability of soil P and thus plant P uptake.
On the other hand, high values frequently result
from the accumulation of phosphorus when
growth and leaf expansion is limited by deficien-
cies of other nutrients such as zinc (Marathe
etal.,, 2016a).

Potassium (K): Values in the range of 1.30-
2% are generally considered to be adequate for
pomegranate crop (Gosavi et al., 2017). Visual
symptoms of potassium deficiency are usually
evident with leaf potassium values of 0.20%
or less. Leaf potassium shows an inverse rela-
tionship with crop load. Thus a value of 0.61%
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Table 9.5. Leaf nutrient norms for pomegranate.

Diagnostic recommendation integrated system (DRIS) norms

Nutrient Very low Low Optimum High Very high
N (%) <0.89 0.89-1.31 1.32-2.15 2.16-2.57 >2.57
P (%) <0.13 0.13-0.17 0.18-0.24 0.25-0.28 >0.28
K (%) <0.92 0.92-1.28 1.29-1.99 2.00-2.35 >2.35
Ca (%) <0.34 0.34-0.63 0.64-1.20 1.21-1.48 >1.48
Mg (%) <0.10 0.10-0.22 0.23-0.45 0.46-0.57 >0.57
S (%) <0.09 0.09-0.15 0.16-0.26 0.27-0.31 >0.31
Fe (mg/kg) <79.99 79.99-103.03 103.04-149.12 149.13-172.16 >172.16
Mn(mg/kg) <22.96 22.96-39.59 39.60-72.85 72.86-89.47 >89.47
Zn (mg/kg) <9.92 9.92-15.98 15.99-26.10 26.11-31.16 >31.16
Cu (mg/kg) <4.57 4.57-6.15 6.16-9.32 9.33-9.90 >9.90
B (mg/kg) <15.11 15.11-23.37 23.38-39.88 39.89-48.14 >48.14

Source: Gosavi et al. (2017).

potassium may be adequate in a sample from
a heavily cropping orchard but might indi-
cate marginal supply in a lightly cropping or
non-bearing orchard. Leaf potassium levels of
2.0% or greater are not uncommon with young
non-bearing trees. Leaf K levels decline as trees
mature and the level of cropping increases
(Marathe et al., 2016a).

The nitrogen—potassium ratio often pro-
vides additional information in judging potas-
sium status, in terms of fruit quality. High N-K
ratios (e.g. more than 1.5% in apple) usually
indicate that potassium supply is inadequate,
while low ratios (less than 1.5%) might indicate
either that the nitrogen supply is too low or that
potassium supply is too high (Spectrum Analytic
Inc., 2006). In other fruit, Hammami et al.
(209) stated that a N-K ratio more than 0.9%
is required for production of qualified mandarin
fruits.

In addition to tree age and level of cropping,
soil moisture and soil management practices
also affect leaf potassium status. Even if the soil
potassium supply is adequate, water-deficit con-
ditions may limit the availability of potassium in
the soil and thus results in a low leaf potassium
level. Soil management practices such as the use
of clean cultivated or herbicide strips along the
tree rows or mulching, which reduces moisture
stress, generally result in a higher leaf potassium
level. It is reported that orchards with low potas-
sium levels are more prone to diseases especially

bacterial blight disease, which is the major fac-
tor for the pomegranate decline in Maharashtra
state of India (Patil, 2014).

Calcium (Ca): Calcium content in leaf sam-
ples is considered to be adequate in the range
from 0.64 to 1.20% (Gosavi et al., 2017). Low
leaf calcium is often, but not always, associated
with low soil Ca supply and low pH, particularly
in the subsoil. When adequate soil Ca is avail-
able, low leaf Ca may be the result of boron or
zinc deficiency. Normal application of potassium
or magnesium has little effect on calcium unless
soil Ca supply is low. Leaf Ca and N levels gen-
erally have a positive correlation under normal
growing conditions. This relationship exists be-
cause both Ca and N uptake by roots are largely
regulated by transpiration-driven mass flow
(Marathe et al., 2016a).

Higher N, by increasing growth and
leaf surface, enhances total transpiration.
Excessively high nitrogen supply frequently
promotes the development of high leaf to fruit
ratios, which accentuates the problems associ-
ated with low Ca in the fruit. This is particularly
important when soil moisture is inadequate be-
cause Ca is removed from the fruit as water
moves from fruit to leaves under moisture stress
condition (Ramos, 1997; Marathe et al., 201 6a).

Magnesium (Mg): Magnesium concentra-
tion within the range of 0.23-0.45% is usu-
ally satisfactory (Gosavi et al., 2017), but should
be considered in relation to potassium. The
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requirement for magnesium increases as the
potassium status of the tree increases. For prac-
tical purposes, a ratio of the percentage of K to
Mg in the leaf sample of 4:1 or greater usually
indicates that magnesium supply is inadequate.

Boron (B): Boron shortages frequently oc-
cur in orchards, particularly on coarse textured
soils and during the dry season. Leaf concentra-
tions of 20—40 ppm are required for normal tree
performance (Gosavi et al., 2017). Low boron
levels are often associated with a calcium de-
ficiency problem. Interpretation of leaf boron
values must recognize past boron application
practices. If no foliar sprays of boron were used
before leaf sample collection, a level of 20-40
ppm B usually indicates an adequate boron sup-
ply. However, if post-petal fall boron sprays were
used, leaf levels in the 20—40 ppm range indi-
cate a need to continue boron applications as a
combination of soil and foliar applications.

Zinc (Zn): Interpretation of leaf Zn level is
complicated by Zn-containing materials in foliar
applications and by interaction with phospho-
rus. If no foliar sprays containing Zn have been
applied, 15.99-26.10 ppm indicates adequate
Zn; 9.92-15.98 ppm indicates low zinc status;
and less than 9.92 ppm indicates Zn deficiency
(Gosavi et al., 2017). Relying strictly on these
levels to assess zinc status may be misleading
for two reasons: (i) Growth is reduced as Zn
becomes limiting. This limited growth results
in accumulation of Zn to a higher concentra-
tion than would occur with healthy growth.
(ii) A high level of phosphorus tends to reduce
the availability of Zn within the tree, as a result
of the formation of insoluble zinc phosphate
precipitates. When zinc is limited, the reduced
growth also tends to result in a higher concen-
tration of phosphorus within the leaf tissue, fur-
ther aggravating the problem. An evaluation of
the ratio of phosphorus to zinc in the leaf tissue
provides a second means of assessing relative Zn
status. Examining the foliage for visual symp-
toms of zinc deficiency provides a third means
of verifying the adequacy of the zinc supply
(Marathe et al., 201 6a).

Manganese (Mn): Manganese deficien-
cy is found more frequently on high pH soils
and coarse-textured soils. A concentration
of 39.60-72.85 ppm of Mn indicates an ad-
equate amount of this element in the leaf
samples from the trees that have not been
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sprayed with manganese-containing materials.
Concentrations below 22 ppm are usually ac-
companied by Mn deficiency symptoms, which
include interveinal yellowing (chlorosis). Leaf
samples from trees that have been sprayed with
Mn-containing fungicides may show a high level
of Mn. In such cases, the leaf samples need to
be thoroughly washed with ethylenediamine-
tetraacetic acid (EDTA) solution before analysis.
This eliminates the contamination by physiolog-
ically inactive Mn (Gosavi et al., 2017).

Iron (Fe): Tron content of leaf samples
fluctuates over a considerable range, often in
response to variations in soil and weather con-
ditions and with contamination of samples by
dust (Gosavi et al., 2017).

Copper (Cu): Copper shortage can be a prob-
lem on coarse-textured soils and soils with a pH
of 6.3 or higher. Levels of 6.16-9.32 ppm in
leaf samples generally indicate a satisfactory
copper level (Gosavi et al., 2017). Symptoms of
Cu deficiency are associated with leaf content of
4.57 ppm or less and may appear as roughening
and enlargement of lenticels on shoots followed
by necrosis, shoot dieback during the season of
growth and limited fruit set despite heavy bloom
(Hippler et al., 2017).

9.5.6 Nutrient recommendations,
fertilizer application and manuring

Roots respond to localized nutrient enrichment
and rapidly proliferate to uptake nutrients from
that area. This response can be seen in band ferti-
lization, especially N banding, in which root con-
centrations are seen around the band, compared
with the bulk of the soil. Commercial cultivation
of pomegranate was started with the realization
of its nutraceutical value and market potentials,
while it was considered as a minor fruit until
1986. Thus, nutrient management aspects have
attained prime importance in enhancing pro-
ductivity and quality of fruits. Research done
in the late 1950s in Tulare County, California
showed that mature ‘Wonderful’ pomegranate
required only about 40-60 kg of N annually
while P and K were of no benefit for improv-
ing yield, size and quality of fruit. During those
days 1.2—4.0 kg ammonium sulfate along with
15-40 kg farmyard manure (FYM), 2.5-3.5 kg
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cake, sometimes 5.0 kg wood ash and 1.0 kg
lime were recommended to meet the nutrient re-
quirement of pomegranate per acre in India. But
with the commercialization of pomegranate cul-
tivation and more research results, it has been
found that availability of all three major nutri-
ents (N, P and K) is essential for satisfactory root
growth, higher photosynthesis rates and higher
yield with best fruit quality (Singh et al., 1988;
Padmavathamma and Hulamani, 1998). Based
on fertilizer response, several recommendations
have been worked out for various soil and crop
situations in India and abroad. The following
suggestions have been made: 250-625 g N +
125-250gP,0, + 125-250 g K, 0 per plant for
‘Ganesh’ grown on black soils; 120 kg N + 90 kg
P + 60 kg K/ha for ‘Kzyr Anar’; 240 kg N + 160
kg P + 60 kg K/ha for ‘Jodhpur Red’; and 375g
N+ 375 gP + 375 g K per plant for ‘Dholka’.
Dhillon et al. (2011) also recommended 180 g
N+ 60 g P + 120 g K per plant for ‘Kandhari’.
Prasad and Mali, 2000, 2003 also stated that
increase in N levels from 350 to 500 g per plant
improves fruit growth and size; however, incre-
ments of N levels up to 750 g per plant decreased
the fruit weight. Hasani et al. (2016) stated that
application of urea as a deep soil placement was
better than foliar applied urea for pomegranate
fruit yield and quality. Pomegranate responds
particularly well to sulfate of potash as com-
pared with muriate of potash. Foliar applica-
tion of potassium chloride or potassium sulfate,
both at 0.5, 1.0, 1.5 and 2.0%, from bud to har-
vesting stage at 15-day intervals increased leaf
K level and fruit quality. In another study on
pomegranate, Hasani et al. (2012) suggested the
foliar spray of 0.6% MnSO, and 0.3% ZnSO, to
achieve better quality in fruits.

Manures are organic materials originat-
ing as animal waste or vegetation that are

incorporated into soil to enrich it and improve
the structure and water-holding capacity. Under
a warm, arid climate the beneficial effects of
manures are not long lasting. Fully rotted ma-
nure should be used because microbial activity
in fresh manure generates enough heat to kill
roots and young seedlings. It is recommended to
apply manure lightly or compost it prior to use.
In some conditions, continuous application of
manure has disadvantages. Under poor drain-
age of water or where less irrigation water is ap-
plied, large applications of chicken manure lead
to sodium accumulation to toxic levels (Ryugo,
1988). Some organic constituents of manures
tend to bind or chelate certain essential ele-
ments, such as Zn, making them unavailable to
plants. There are many sources of manure in-
cluding products from dairy and beef cattle and
poultry industries, vermicompost, blood from
slaughterhouses, sediment from sewage treat-
ment facilities, the residues of seed oils after oil
has been extracted and green manure.
Chemical fertilizers have some advantages
over organic fertilizers, in that organic fertiliz-
ers come from unknown sources with varying
compositions, thus the exact amount of any es-
sential element supplied for maintaining trees
in a healthy state may not be clear (Table 9.6;
Van Slyke, 1950). In a study done by Kurer
et al. (2017), it was found that vermicompost
and poultry manure are the best sources of ni-
trogen for pomegranate trees. Mir et al. (2013)
found that the microbial biomass pool in terms
of Pseudomonas sp., soil fungi, Azotobacter chroo-
coccum, Actinomycetes and arbuscular mycorrhi-
zal fungi increased by 385.57, 60.26, 134.19,
168.02 and 39.87%, respectively, by manuring
compared with the control. Olyaie Torshiz et al.
(2017) also stated that manuring led to yield
and fruit quality improvement of pomegranate.

Table 9.6. Percentage of composition of fresh solid animal excrement.

Species Water Nitrogen Phosphorus Potassium
Horse 75 0.55 0.13 0.33
Cow 85 0.40 0.08 0.08
Sheep 60 0.75 0.22 0.37
Swine 80 0.55 0.22 0.33
Hen 55 1.00 0.35 0.33

Source: Van Slyke (1950).
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It was found that application of compost (25 kg/
tree) or humic acid (25 g/tree) accompanied by
recommended NPK doses improved fruit yield
and quality of pomegranate trees (Abd-Ella et
al., 2009). Sandor (2011) also reported that ap-
plication of humic acid for pomegranate nursery
improves sapling quality and balances nutrient
uptake. Humic acid improves root growth, soil
physical condition and microbial activity, and
thus could improve fertilizer use. Moreover, it
was observed that organic matter decomposition
and the mineralization processes in the soil in-
crease. Results of a large number of experiments
on manures and fertilizers conducted country-
wide confirmed that neither chemical fertiliz-
ers alone nor organic sources exclusively can
achieve production sustainability (Ryugo, 1988;
Baviskar et al., 2011; Khachi et al., 2015; Wani
et al., 2017). However, integrated application of
inorganic fertilizers along with organics (FYM
at 25 kg/tree) increased tree spread and yield
of pomegranate. It is reported that application
of 10 kg FYM per plant alone or in combination
with recommended NPK, or poultry manure 5
kg and bone meal 1 kg along with recommended
NPK were found to be effective to boost the all-
round growth of pomegranate plants. It was also
observed that 50% supplementation of inorgan-
ic fertilizer with cattle dung manure increased
fruit yield and improved fruit quality parameters
such as TSS, ascorbic acid and sugar contents
compared with application of organics alone
(Mir et al., 2013). Similarly, supplementation of
inorganic fertilizers with vermicomposting in a
50:50 ratio increased plant height, canopy vol-
ume and fruit yield in sandy soils of a hot arid
region (Meena, 2010). An integrated approach
consisting of 10 kg vermicomposting, 25% rec-
ommended dose of NPK, 5 kg neem cake and
20g phosphate solubilizing bacteria per plant
was found to produce large number of flowers
(15.35/shoot), higher fruit setting (45.64%)
and fruit retention (45.7%), and consequently
higher yield as compared with yield obtained
from recommended dose of NPK through inor-
ganic fertilizers (Meena, 2010). The integrated
supply approach not only increases fruit yield
but also improves fruit qualities such as TSS,
TSS:acid ratio, ascorbic acid content, reducing
and non-reducing and total sugars.

Fertilization programmes must be devel-
oped based on the requirements of the crop and
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the characteristics of the soil on which it is being
grown. Effects of soil management practices on
nutrient availability and of cultivation practices
such as pruning on tree vigour and nutrient re-
quirements are significant factors that must be
accounted for in adopting the programme to
the individual orchard. Physical soil conditions
throughout the root zone affect not only the
depth of rooting, but also the distribution and
type of root system that develops. Slowly drained
or imperfectly drained soils are subjected to low
oxygen conditions that may result in damage
to tree roots, impairment of root function and
alteration in the availability of various nutri-
ent elements. Likewise, coarse-textured soils are
more subject to moisture stress and may require
special attention in dealing with elements such
as nitrogen, boron and magnesium. Many nu-
tritional problems of orchards are often more
directly attributable to poor soil physical condi-
tions than to fertilization programmes (Ryugo,
1988).

9.5.7 Type of fertilizers and the method
of application

Various fertilizers are in use for the nutrition of
pomegranate trees (Table 9.7). According to the
crop management system and site conditions,
solid (granular or crystalline) or liquid fertilizers
are applied as straight (a single type of nutrient)
or as complex NPK products. Today the use of
micronutrient fertilizers is very common in fruit
production. Nanofertilizers aim to make nutri-
ents more available to leaves, consequently in-
creasing nutrient use efficiency (Suppan, 2013).
Some characteristics of nanoparticles, including
the large specific surface area, unique magnetic/
optical properties, electronic states and catalytic
behaviour, confer nanoparticles a better reactiv-
ity than the equivalent bulk materials (Agrawal
and Rathore, 2014). According to origin, nutri-
ent sources can be classified as:

®  Mineral fertilizers and organic manures
(composts, farmyard manure, residues from
the processing of organic materials).

®  Soil amendments and products with low
nutrient content (e.g. gypsum, lime, rock
flour).
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Table 9.7. Properties of mineral fertilizers used in fruit tree production.

Main Nutrient content
nutrients Fertilizer Chemical composition N-P,0.-K,0 (%) Properties
N Urea (NH,),CO 46-0-0 Acidic
Calcium nitrate Ca(NO,), 16-0-0 Basic
19% Ca
Calcium ammonium nitrate  NH,NO, + CaCO, (21-27)-0-0 Basic
(CAN) 10% Ca
Ammonium nitrate (AN) NH,NO, 34-0-0 Acidic
Quick acting
Ammonium sulfate (AS) (NH,),SO, 21-0-0 Acidifying
24% s
Urea ammonium nitrate (NH,),CO + NH,NO, (28-32)-0-0 Slightly
solution acidifying
effect in soil
P Monoammonium phosphate NH,H,PO, 11-50-0 Acidic
(MAP)
Diammonium phosphate (NH,),HPO, 18-46-0 Acidic
(DAP)
Phosphoric acid H,PO, 0-61-0 Acidic
Quick acting
Single super phosphate Ca(H,PO,), 0-(16-18)-0 Neutral
(SSP) 20% Ca Quick acting
Triple super phosphate Ca(H,PO,),.H,O 0-(44-52)-0 Neutral
(TSP) 14% Ca
K Muriate of potash (MOP) KCI 0-0-60 Neutral
Sulfate of potash (SOP) K,SO, 0-0-(50-52) Neutral
18% s
Nitrate of potash (NOP) KNO, 13-0-44 Basic
Quick reacting
Monopotassium phosphate KH,PO, 0-52-35 Acidic
(MKP)
Ca Gypsum CaSO,.2H,0 18% s, 23% Ca Not soluble
Lime CaCO, 50-65% Ca Hardly soluble
Ca(OH), Slow acting
Mg Epsom salt MgSO,.7H,0 16% MgO Water soluble
13% s
Kieserite MgSO,.H,0 25% MgO Water soluble
20% s
Dolomitic limestone MgCO, 5-20% MgO Slow acting
CaCO, 14-32% Ca
] Elemental sulfur S 100% s Strongly
acidifying
Sulfate types of other (NH,),SO, 24% s Acidifying
nutritional elements K,SO, 18% s
MgSO, 13-20% s

Source: Ramos, 1997.
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Nitrogen can be applied as NO, or NH, or
other forms like amides in urea. Nitrate (NO,-N)
is immediately available to plant roots; however,
due to its high mobility in the soil it is also sub-
ject to leaching after rainfall or irrigation. Under
anaerobic soil conditions, it can also be lost to
the atmosphere by denitrification in the form of
oxide of N. Ammonium-N (NH,-N) can be taken
up directly by tree roots but it is also converted in
the soil into nitrate by nitrification. The mobil-
ity of NH-N in the soil is low, so it is not readily
leached. However, N losses via gaseous NH, are
possible particularly in high pH soils. Urea-N ap-
plied to the soil has to be converted into NO, or
NH, before it becomes available to the tree. Thus,
NO, containing fertilizers are fast acting, while
NH,-containing or amide fertilizers are slower
(Singh and Singh, 2015). The choice of the form
or source of N for soil application is most fre-
quently made on the basis of cost per unit of ni-
trogen, as nitrogen application does increase soil
acidity and hence lime requirement. Nitrogen-
containing fertilizers are susceptible to leaching
and other losses. In order to reduce leaching:

® Do not use nitrate-N forms in sandy soils
(coarse-textured soils).

® Do manage irrigation level and remove ex-
cessive rainfall from the orchard.
Use ammonium-N fertilizer as broadcasting.
Incorporate fertilizers containing ammonia
(NH,) or ammonium some depth below the
soil surface shortly after application.

® Do adjust the soil pH to below 7.0 (to reduce
volatilization).

® Increase the cation exchange capacity of
the soil.

®  Apply ammonium-containing fertilizers in
coarse-textured soils in the winter.

Different methods for application of
nitrogen-containing fertilizers are broadcast-
ing, drilling, banding, application through the
irrigation system (fertigation) and foliar spray.
Banding in a 40-cm-wide strip allows less N
use by weeds on the orchard floor, compared
with broadcasting. Marathe et al. (2017) found
that root growth and density or root activity of
pomegranate plants is confined to a 0—60 cm
radial distance and 0—45 cm vertical distance.
Therefore, fertilizers and water may be applied
in this zone for better utilization of inputs by
the tree roots. Many growers do not want to
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disturb the soil surface and the orchard is not
tilled, so nitrogen is seldom drilled into the soil.
If the irrigation water and the applied nitrogen
are uniform, N fertigation through the irrigation
system saves money. Sprinkler and low-volume
(drip or mini-sprinkler) irrigation systems can
be used to supply nitrogen in the fertigation
method. Compared with conventional systems,
injection of N fertilizers through low-volume
irrigation systems results in higher N recovery,
because of the stimulation of a higher density
of fibrous roots in a restricted volume of soil,
which effectively intercepts the N fertilizer to
the area. Moreover, the use of a high-frequency
drip irrigation/fertigation method minimizes
soil water saturation, which causes soil anaero-
bic conditions and leaching losses of NO,-N.
There are many factors affecting relative need
for N-containing fertilizers. It is recommended
that under sandy and coarse-textured soils the
nitrogen application times are changed from
two large doses once or twice per year to small
doses six to eight times over the growing season.
Leaves also respond to fertilizers via resumption
of leaf expansion and meristematic growth,
which provides new sites for photosynthesis.
After expansion, more nutrients are needed to
supply proteins and membranes and also young-
er leaves. Under deficient conditions, these nu-
trients are remobilized from the old leaves and
transported through the phloem to the young
tissues such as fruits and seeds. Davarpanah
et al. (2017) evaluated two forms of nitrogen
fertilizers as spraying: nano- N and urea in two
different concentrations and at different times
of growth season. They found that nano-N fer-
tilizers are more efficient compared with urea
because of the low rate needed for application
and also better effects on pomegranate yield and
quality.

Ordinary superphosphate (0-16-0) and tri-
plesuperphosphate (0-48-0) are the sources most
frequently used in orchards. Monoammonium
phosphate (11-48-0), diammonium phosphate
(18-46-0), various other phosphate compounds
and animal manures are additional sources of
phosphorus used in pre-plant soil preparation or
in established orchards. The greatest attention
should be given to pre-plant incorporation of
phosphate throughout the rooting zone, at least
in the upper 40 cm depth of the soil. Application
of phosphates to the soil surface in established
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orchards is inefficient in meeting crop needs. A
high rate of phosphate application can enhance
Zn and Cu deficiencies. Incorporation of the ap-
propriate amount of phosphate during pre-plant
soil preparation should provide ample phospho-
rus for the life of the orchard, provided that
soil pH is maintained in the range of 6.0-6.5
throughout the root zone.

The form of potassium to be applied should
be determined by both the amount of potas-
sium required and the available soil magne-
sium. Muriate of potash is suitable material if
the magnesium supply is high. When both po-
tassium and magnesium supplies are low, both
elements should be applied using a material con-
taining both of them such as sulfate of potash-
magnesia (0-0-22-11). When the magnesium
supply is adequate, and only a small amount
of potassium and nitrogen is needed, nitrate of
potash (13-0-44) may be a suitable material.
As with nitrogen, placement influences the ef-
ficiency of potassium fertilizer use. Applying po-
tassium fertilizers in a narrow 15-20 cm band
on both sides of the row approximately one-half
the distance from the trunk to the outer spread
of the branches is effective. The foliar spray of
potassium chloride at 1.0% on ‘Yercaud-1’,
‘Ganesh’ and ‘Jyoti’ pomegranates improved the
fruit size significantly over the control. This also
led to increased fruit yield in all the cultivars
(Muthumanickam and Balakrishnamoorthy,
1999). Khayyat et al. (2012) also found that ap-
plication of the sulfate form of potassium when
fruits are 30 mm in diameter is very useful for
quality and growth improvement of pomegran-
ate fruit.

Limestone is the primary and most economi-
cal source of calcium in acidic soil. Consistent soil
testing and a liming programme are basic require-
ments in managing soil Ca supply in acidic soil.
Gypsum (24% Ca) has been used as a source of Ca
in alkaline soils after working out the gypsum re-
quirement of the soil. Other materials commonly
used as soil-applied fertilizers containing calcium
include ordinary superphosphate (20% Ca) and
triple superphosphate (14% Ca). Calcium nitrate
(24% Ca) has also been considered as an addi-
tional source for orchards (Ryugo, 1988; Osman,
2013). Kamal et al. (2017) stated that spraying
some nutrients including calcium chloride and
potassium oxide at the early stages of fruit growth
and development (approximately 8 weeks after full

bloom) has beneficial effects on improving fruit
characteristics.

Dolomitic limestone is the most used source,
but magnesium content of dolomitic limestone
from different sources varies considerably. Other
sources of magnesium for soil application in-
clude kieserite (a kind of magnesium sulfate
with 17.3% Mg), magnesium oxide (49-56%
Mg), sulfate of potash-magnesia (11% Mg) and
Epsom salt (a kind of magnesium sulfate, called
hepta-hydrate sulfate with 10% Mg). Soluble
forms such as sulfate of potash-magnesia or kie-
serite are preferred to magnesium oxide for sur-
face application, but if thoroughly incorporated
into the soil, as in pre-plant preparation, magne-
sium oxide can be used effectively.

Soil applications of boron are essential in
managing the supply of this element. Boron is
readily mobile within the soil and can be effec-
tively supplied through soil surface applications
in established orchards. When a new site is be-
ing prepared for planting, it is recommended
that an appropriate amount of boron be thor-
oughly mixed into the top soil. Rates of boron
to be applied are determined on the basis of soil
texture, boron already present as indicated by
the soil test and crop needs. Granular fertilizer
grade borate (14.3% B) can be used for soil ap-
plication blended with other fertilizer materials.
Solubor (20% B) applied as a foliar spray has also
been effective. A complete boron programme fre-
quently includes both a soil application to meet
the basic need of the crop, and one or more fo-
liar applications to supply additional boron at
critical stages of crop development. Nano-B che-
late fertilizer and nano-Zn chelate fertilizer also
tested and were effective on pomegranate trees
(Davarpanah et al., 2016). There are significant
differences between cultivars when their roots
are exposed to high levels of boron. Sarafi et al.
(2017) found that ‘Ermioni’ is more tolerant to
high boron level (10 mg/l) in nutrient solution
compared with ‘Wonderful’. They stated that
the highest B concentrations were observed in
roots followed by stems and apical and basal
leaves. Brown et al. (1998) reported that Punica
granatum ‘Nana’ plants were very tolerant of B
toxicity, and no clear B toxicity symptoms were
observed even when treated with a nutrient
solution containing 25 mg/l B for 5 months.
Nable et al. (1997) and Reid et al. (2004) stated
that high B concentrations may inhibit cell wall
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expansion and root growth and reduce leaf area,
photosynthetic rate and overall plant growth.
Mirzapour and Khoshgoftarmanesh (2013) in
evaluation between foliar and soil applications
of zinc and iron found that soil application of
Fe-EDDHA +Z7nSO0,.7H,0, particularly as local-
ized placement, was an effective approach to in-
crease fruit yield and quality of pomegranate in
calcareous soils.

9.5.8 The timing of fertilizer application

The timing of application of nutrients in mod-
ern orchard system is an important prerequisite
for high yield and quality of fruit. Pomegranate
trees undergo a rest period after harvesting of
the previous crop followed by rapid development
of new leaves, flowers and shoots. The tree’s
demand for water during the growing period is
a function of leaf area, fruit load and environ-
mental conditions, with vapour saturation defi-
cit as the dominant factor. At the start of new
season, flowers and leaves develop with virtually
no nutrient supply from the roots, this new flush
being more or less completely dependent on nu-
trients stored in buds and woods. Dependence
on this storage for early growth and develop-
ment in trees explains the importance of an
adequate supply of nutrients before the initia-
tion of the rest period. A high level of nitrogen
reserves in the tree favours the development of
flowers and shoots in the following year’s bud
break. Bearing in mind that N is a strong pro-
moter of vegetative growth, this nutrient should
be available for the tree throughout the entire
growing season. Thus small split applications
of N are more favourable to the trees than only
a single application per year. Davarpanah et al.
(2017) stated that split application of N fertiliz-
ers as spraying at full bloom and 1 month later
is very useful for increasing pomegranate yield.
Slow-release N-sources such as organic ma-
nures or coated mineral fertilizers are suitable
alternatives to fast-acting N fertilizers based
onNO,.

Abdel-Sattar and Mohamed (2017) found
that a combination of fast- and slow-release N
fertilizers and different levels of soil moisture led
to the improvement of vegetative growth traits,
that is, tree height, shoot length, dry weight of
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leaves and chlorophyll content. In comparison
with N and K, P is required by the tree in rela-
tively small amounts. Like Ca, but to a lesser
extent, P accumulates in the frame wood of the
tree mainly as phytate, showing its importance
for structural processes. Under normal soil con-
ditions, a single application per year (or over
even longer periods) is sufficient for pomegran-
ate trees.

The function of K is strongly related to the
water status of the tree. Besides that, K is the
dominant nutrient in the fruit. The relatively high
mobility of K in light-textured soils requires a con-
tinuous supply to the tree throughout the season
on these soils. In clay soils, a single application is
sufficient. However, split doses during the growing
period have been shown to be more effective. Singh
et al. (1988) and Bhujbal (1990) reported that
split application of NPK increased individual fruit
weight, soft seeds and good taste in pomegranate,
and four split applications were more useful. They
found better results when they fertilized the plants
four times including March, April, May and June,
at an interval of 1 month. The same is true for
Mg, being very mobile in light-textured soils and
easily leached from the root zone. Potassium is
antagonistic to Ca, competing for binding sites of
the clay minerals in the soil as well as in the apo-
plast of the tree root and in cellular membranes.
Towards the end of the season, the K/Ca ratio has
to be maintained at an optimum range concern-
ing fruit quality. Increase in leaf NPK and Mg con-
tents and decrease in Mn and Zn contents with the
increasing doses of NPK fertilizers was reported in
the case of ‘Arabi’ pomegranate (Haggag and El-
Shamy, 1987).

Micronutrients (e.g. B) have to be applied
early enough to the soil to reach the target or-
gans (flower buds) or applied with foliar sprays.
Micronutrient supply should be based on the ap-
pearance of deficiency symptoms and on foliar
analysis. In conclusion, the timing of nutrient
supply is dependent on the developmental stage
of the tree as well as on orchard factors such as
soil type, water availability and microclimate. In
this context, fertigation has an advantage over
spreading of solid fertilizers, because nutrients
can be applied in tiny amounts and precisely at
the time they are needed. Also, foliar sprays are
by far the fastest method of nutrient application
in order to correct deficiencies.
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9.5.9 Salinity management and its
effects on pomegranate trees

Accumulation of sodium chloride, sodium
carbonate or both, and B compounds lead to
development of salty soils. Excessive B, Na and
Cl are toxic to plants. Moreover, accumulated
Na tends to displace exchangeably Ca and Mg
from soil particles, and by destruction of the
soil structure leads to make the soil imperme-
able to water (Shabala, 2012).

Similar to other fruit trees, pomegranate
also suffers from salinity levels higher than it
can tolerate. There are many reports around
the world about pomegranate responses to this
stress (Wang et al., 1995Asrey and Shukla,
2003; Naeini et al., 2005; Kulkarni et al., 2007;
Bhantana and Lazarovitch, 2010; Okhovatian-
Ardakani et al., 2010; Bonyanpour and Khosh-
Khui, 2013; Khayyat et al., 2014; Sarafi et al.,
2014; Karimi and Hasanpour, 2014; Neori
et al., 2014; Sun et al., 2015; Hasanpour et al.,
2015; Tavousi et al., 2015; Khayyat et al., 2016;
Ibrahim, 2016; Bidabadi et al., 2017; Karimi
and Hassanpour, 2017).

Nowadays, we know that salinity stress
strongly affects the plant growth and devel-
opment via water stress (i.e. by lowering os-
motic potential of the soil solution and thus
reducing water uptake) or ionic stress (i.e.
by nutritional imbalance and/or toxicity) or
by a combination of them (Ashraf, 1994;
Marschner, 1995; Ashraf and Harris, 2004;
Silva-Ortega et al., 2008). It has been accepted
that pomegranate plants can tolerate salin-
ity under arid and semi-arid zones. However,
there are many differences among varieties
and cultivars of pomegranate, because differ-
ent aspects of growth, development and physi-
ology are affected by salt stress. Bhantana
and Lazarovitch (2010) suggested the pome-
granate should be categorized as a moder-
ately sensitive crop. On the other hand, some
researchers clustered this plant as moderately
tolerant to salinity; thus, it was recommended
that pomegranate should not grow in soils
with electrical conductivity (EC) of saturation
paste more than 10 dS/m (Maas et al., 1993;
Allen et al., 1998; Jain and Dass, 1988; Patil
and Waghmare, 1982; Holland et al., 2009;
Bhantana and Lazarovitch, 2010; Khayyat

et al., 2014). Based on previous studies, it was
also recommended that pomegranate plants
should not be grown with salinized waters
with approximate salinity level more than 4
dS/m (Holland et al., 2009; Khayyat et al.,
2014).

The tolerance of pomegranate to Cl ranges
from 1 to 2 milliequivalents per litre (meq/l) in
saturation extract, and for Na it ranges from
15-70 meq/l in saturation extract of 0—40 cm
depth of the soil around the roots (Khayyat et al.,
2014). Regarding irrigation water, the tolerable
concentration of bicarbonate, sodium and chlo-
rine for pomegranate trees is between 2.3-3.9,
13-14 and 8 —23.8 meq/l, respectively (Khayyat
etal., 2014). One of the main causes for increas-
ing salinity of root zone is irrigation water. The
best way is to use more tolerant cultivars/root-
stocks under salinity conditions. Khayyat et al.
(2014) stated that significant differences ex-
ist among the cultivars under salt stress. They
found that pomegranate root had a strong role
in preventing Na and Cl transportation to aerial
parts, although there was a positive correla-
tion between Cl and Na concentration in soil-
saturated paste and their concentrations within
the leaf. Moreover, they observed differential
behaviour between Cl and Na ions. Chloride
movement to aerial parts increases as salinity
level increases; however, Na entrance is inhib-
ited. There are differences between cultivars for
chlorine accumulation within the leaf. Khayyat
et al. (2014) suggested that ClI~- may be useful as
osmoticum in leaf tissues of some pomegran-
ate cultivars. Doering and Luedders (1987) and
Ludders (1987) also found that sodium strongly
accumulated in roots and was prevented from
moving aboveground. Doering and Luedders
(1986) also noted that root pressure significant-
ly decreased under salinity, which led to lower
transpiration flow and entrance of calcium into
the plant organs. All those changes might be
related to any change that occurred in cuticle
thickening of leaf, production of parenchymal
cells for water accumulation and salt accumula-
tion in those cells (Zarinkamar and Asfa, 2005).
Accumulation of potassium in leaf tissue is sig-
nificantly affected by salinity. The K/Na ratio is
a strong characteristic for screening under salt
stress. Khayyat et al. (2014) found a significant
difference between pomegranate cultivars with
regard to this trait under salinity. Munns (1985)
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stated that this ratio should not be reduced to
lower than 1.1 and, if reduced, it may lead to
disturbance in metabolic activities of leaf. A re-
ducing trend was also observed in the accumu-
lation of nitrogen, calcium and iron in leaves.
Karimi and Hassanpour (2017) used a grafting
technique to study the influence of rootstock
under salinity conditions. They found that the
mentioned rootstock (‘Tab-O-Larz’ cultivar,
from Iran) significantly decreased transporta-
tion of sodium and chlorine from root to shoot.
Another way of reducing this problem is trans-
porting salts out of the root zone with deep per-
meation, leading to a leaching process. In other
words, it means to supply more water than crops
need. Incorporation of saline water in irriga-
tion causes a reduction in transpiration (Dudley
et al., 2008a), which subsequently results in
reduced evapotranspiration (Bhantana and
Lazarovitch, 2010). An increase in crop evapo-
transpiration and increment in concentration of
salts in the water lead to more salinity transport-
ed into the orchard. There is a good correlation
between relative yield and relative evapotranspi-
ration. Thus, more leaching is required to trans-
port salts beyond the root zone. Effective salinity
management is easier to achieve in soils with
deep, well-drained profiles. This condition pro-
vides a place to accumulate unwanted salts, far
from the root zone. On the other hand, salinity
management is difficult in poorly drained soils,
because the only place where salts can accumu-
late is near the root systems. The depth of the
water table is also very important. It is closest
to the soil surface in the spring and farthest in
the autumn. As a result, salinity that is leached
in the autumn can be transported back into the
root zone in the spring, when the water table

rises. It is recommended to increase the soil-
water content more than field capacity through-
out the root zone before leaching can occur.
Moreover, it is known that small amounts of
water applied frequently via sprinkler or winter
rainfall more effectively transport salinity below
the root zone compared with an equal volume
of water applied in one large flood application.
Applications of large quantities of water lead to
more water movement through the large pores
and are not able to wash out the salinity from
the small pores. Finally, soil sampling provides
a view about the level of salinity or the specific
ion concentration that exceeds the critical level
for the plant. Based on these data, the required
leaching frequency is decided.

Soil reclamation is needed when production
of orchards is limited by salinity (Ramos, 1997).
For this goal, up to three times leaching is needed.
The depth of leaching required for reclamation is
an estimate of the depth in which water reduces
salinity to a level that does not reduce the plant
yield. This parameter is shown as the volume of
water used in the root zone. Table 9.8 shows the
depth of leaching water for reclamation of salin-
ized soils.

Regarding the table, it is assumed that
leaching should be done in several small
amounts of irrigation or rain with 2 or more
days in between for drainage. Care must be
taken to avoid complete saturation of the root
zone, because after saturation it is easier for
salts from the lower depths to rise back up into
the root zone via capillary action, thus win-
ter reclamation is preferred. Evaporation also
should be considered, and any water lost this
way must be added to the amounts presented
in this table. Approximately as much as five

Table 9.8. The depth of leaching water required per 30 cm depth of root zone to be reclaimed given the

initial average salinity and final desired salinity.

Desired root

zone salinity
(dS/m) Initial salinity (dS/m)
6 8 10 12
Water required for leaching (cm of water per 30 cm of root zone)
3.5 5.0 7.0 9.0
0.5 1.8 8.9 4.3
7 0.0 1.3 1.3 23

Source: Hoffman (1986).
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times as much water is needed to leach the oth-
er salts, depending on soil type and the residual
of precipitated B in the profile.

Soils with poor permeability rates are can-
didates for treatment with amendments. This
process supplies exchangeable Ca that displaces
Na, Mg and K in some instances. Sodium (and
Mg and K to a lesser degree) causes swelling and
dispersion of soil particles when it is irrigated,
and Ca improves soil aggregation and poros-
ity. Soils with high SAR and low EC value need
amendment. After the amendment, sufficient
leaching is needed to remove salinity from the
root zone. Soil amendment is done in two ways.
In one way, Ca is added to the soil directly using
Ca salts including gypsum, lime, dolomite, cal-
cium chloride and calcium nitrate. The highest
solubility rate is for Ca(NO,), and CaCl,. Gypsum
is moderately soluble and dolomite and lime are
very slowly soluble, when pH is greater than 7.2
(Ramos, 1997; Osman, 2013).

Data presented here are applicable for all
irrigation waters with less than 1.0 dS/m. It is
adapted from a report by Hoffman (1986).

Addition of gypsum to irrigation water is
simple, convenient and may be less expensive
than CaCl, and Ca(NO,),. Application of lime
and dolomite to acidic waters with pH less than
7.0 is useful. Addition of CaCl, or Ca(NO,),
does not affect much soil pH, but lime and do-
lomite increase this characteristic, especially
when applied to acidic soil. In another method
of soil amendment, known as acid-forming,
amendments, namely sulfur (S), sulfuric acid
(H,S80,), urea-sulfuric acid, ammonium poly-
sulfide and lime sulfur are used. These cause
dissolution of lime that is native to the soil, so
they supply exchangeable Ca indirectly. The S
compounds contribute to microbiological re-
actions, but the acid dissolves soil-lime to form
gypsum, which then dissolves in the irrigation
water to provide exchangeable Ca. Moreover,
the acid-forming amendment can also increase
the availability of Ca in irrigation water by
neutralizing HCO,™ and CO,* that react with
Ca to form lime precipitates.

Selection of soil amendment method is
largely dependent on the presence or absence

of lime and the type and relative cost of ma-
terials. Lime is abundant in the soil surface, so
consider either the Ca salt or an acid-forming
method. The amendment materials added to
the root zone are very important. For example,
some materials add SO,, and others may add
chloride or nitrate. The two latter materials
should be used with care, because CIand NO,~
may be harmful for plant growth, when in the
active growing stage. When very low amounts
of lime exist in the soil, application of acidic
materials is not recommended. These soils are
neutral or acidic in pH. Thus, application of Ca
salts is appropriate. The acid-forming amend-
ments may be more useful on very alkaline
soils with a pH above 8.4 for reducing the pH.
There are various ways of amendment includ-
ing applying the materials in the water, apply-
ing to the soil surface and irrigating the soil,
broadcasting the materials and tilling it into
the soil and applying the materials in a band
in the soil. In soils with penetration problems,
caused by surface crusting, amendment ma-
terials can be directly added to the water. This
crust is on the soil surface and is often thinner
than 2 cm. It is created because of the water
quality used for irrigation. The small amount
of amendment is needed as a frequent appli-
cation. If trying acid-forming amendment, be
sure that soil-lime is present in the soil surface
or that water contains high Ca and HCO,~ lev-
els. It is possible to broadcast amendments
such as gypsum on to the soil surface and in-
troduce it into the soil by irrigation, which is
an alternative to water treatments. With this
method, the amount of gypsum used is lesser
than that used for water amendment. However,
the time of application is very important. It is
suggested to use amendment before the soil
infiltration problem arises. Applying the treat-
ments too early will also lead to poor results.
Calcareous soils often have more than 2% lime
content and acid-forming amendments in irri-
gation water can be effective as long as water
is applied with drip or microjet irrigation. This
type of watering limits the volume of soil that
is irrigated and concentrates the amendment
(Ramos, 1997; Osman, 2013).
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