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Handbook of Plum Fruit

In the last ten years there has been an exponential increase in the adoption of
high-density farming, which leads to better yield and higher-quality fruits, thus
improving the economic return. Handbook of Plum Fruit: Production, Postharvest
Science, and Processing Technology covers all the recent advances in plum produc-
tion, harvesting, handling and processing.

Divided into two main parts, the first eight chapters provide insight about prehar-
vest processing of plums, whereas the later chapters discuss the postharvest process-
ing of plums. This book also includes vital chapters on varietal improvement and
rootstock breeding, high-density planting, and pollination. After harvesting, plum
quality quickly diminishes, mainly due to weight loss, total acidity, loss of firmness,
and decay.

Key Features:

e In-depth information on the pre- and postharvest processing of plums
* Coverage on plum harvesting, handling, and storage practices
e Plum by-product utilization and potential health benefits

Handbook of Plum Fruit provides comprehensive information on recent advances in
postharvesting technologies of plum. The health benefits of plum and its products are
also addressed. This book will assist horticulturists, agriculturists, pomologists, food
scientists and others working in various fruit-processing industries.
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Preface

Extensive growing technology, low yields and low-quality fruit, multitude cultivars
and plum pox virus (PPV)-induced problems are main distinctions in plum produc-
tion. In addition, the structure of the assortment of plums is unfavorable. About half
of the total number of trees are native cultivars having small fruits, followed by poor
quality. On the other hand, over 75% of the plum orchards are located in mountain
areas, where a main limiting factor for plum intensive production is acidic soils,
having deficiency of organic matter and inadequate availability of major nutrients.
The appearance of nutrient deficiencies and responses to added nutrients indicated
the prevalence of nutritional disorders of macronutrients and therefore, limited veg-
etative growth, low productivity and poor fruit quality.

The prunus genus (Rosaceae family) consists of more than 200 species, including
some of the most common fruit or ornamental species that are of great economic
importance. The plant is of medium height, has deciduous leaves and is ovate, den-
tate and glossy. White flowers with small green drupaceous fruits (3 cm), character-
ize the blossoming and ripening stages. It is commonly cultivated for its fruits, as a
rootstock and hedge shrub. A recent study showed the potential of kernels recovered
from fruit pits of this species as biodiesel feedstock. Plums are adapted to a broad
range of geographic conditions, having great potential for production and consump-
tion worldwide and therefore particularly suitable to use for selecting new cultivars.

Being rich in fibers and antioxidants, the fruits constitute an important nutritional
source in the human diet. The aroma is one of the most important parameters of
determining fruit quality and its perception and acceptability by consumers. The
knowledge of volatiles emitted by different plant organs during different ontogenetic
stages of growth evidence metabolites that are synthesized by the plant as possible
intrinsic mechanisms of defense and interaction with other plants and animals, some-
thing of importance for further agronomical studies.

Plum fruits are small and oval in shape, with different skin color and flesh, which
is consumed fresh, dried or used to prepare juice, jam or liquor. Plums are classified
as climacteric fruits with ethylene controlling changes during ripening. However,
some of them show a suppressed-climacteric pattern. Plums are appreciated by con-
sumers due to their high-quality properties, such as sweetness and firmness, and
their bioactive compound content, mainly phenolics, including anthocyanins, carot-
enoids, ascorbic acid and fiber. These bioactive compounds have been reported to
have antioxidant properties with health benefits such as reducing the risk of cardio-
vascular illness.

After harvesting, plum quality quickly diminishes, mainly due to weight loss,
total acidity, loss of firmness and decay. Thus, it is necessary to adopt proper post-
harvest technologies to maintain and extend the postharvest quality of plums for
longer periods. Therefore, it is important to understand and document the modern
production methods implemented in recent times for harvesting the maximum num-
ber of plums. This book will therefore bridge the gap for old and modern methods of
production and will help students and researchers understand the complete pre- and
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X Preface

postharvest handling of plum fruit. This book will also help fruit growers understand
the best possible practice for modern plum production to harvest maximum yield,
which in turn will increase their returns.

The book is divided into two main parts: the first provides insights about the pre-
harvest processing of plum, which is discussed in the first eight chapters. Chapter 1
deals with the history, distribution, production and taxonomic classification of plums.
Chapter 2 highlights the orchard planning, establishment and soil management of
plums, followed by Chapters 3 and 4, which discuss recent advances in rootstock
breeding and plum prorogation. Chapter 5 covers the flowering, fruit set and pollina-
tion of plum, while Chapter 6 deals with orchard manuring practices of plum trees.
Chapter 7 focuses on recent developments in plum harvesting and handling, and
Chapter 8 deals with diseases, pests and disorders in plum.

The second part gives insights about the postharvest processing of plum.
Chapter 9 discusses the emerging packaging and storage technologies of plum, while
Chapters 10 and 11 focus on recent plum-processing technologies and the utiliza-
tion of plum by-products. Chapter 12 deals with the health benefits of plum fruit its
products, and Chapters 13 and 14 deal with the effects of pre- and postharvest tech-
nologies/factors on the quality and bioactive compounds of plum. The last chapter
emphasizes the extraction of anthocyanins from plum fruit and its products.

Lastly, this book assists horticulturists, agriculturists, pomologists, researchers,
food scientists and other members working in various fruit-processing industries. It
could be used by university libraries and institutes all around the world as a hand-
book and/or ancillary reading for students pursuing bachelor’s and master’s degrees
in agriculture, horticulture or fruit and vegetable processing. We would like to thank
and acknowledge one by one all authors for their fruitful contribution and for their
dedication to editorial guidelines and timelines. We are fortunate to have had the
opportunity to collaborate with many international experts from the United States,
Australia, Romania, Spain, Colombia, México, South Korea, China and Pakistan.
We would like to thank colleagues from the production team at Taylor & Francis
for their constant help during the editing and production process. Finally, we as edi-
tors have a message to all readers that this book may contain minor errors or gaps.
Suggestions, criticism and comments are always welcome, so please do not hesitate
to contact us for any relevant issue.

Dr. Amir Gull,

Dr. Sajad Mohd Wani,
Dr. Gulzar Ahmad Nayik,
Dr. Vikas Nanda
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2 Handbook of Plum Fruit

1.1 INTRODUCTION OF PLUM

Plums rank third after apples and pears as far as their job in natural product creation
in the cooler and calmer portions of the world (Zohary et al. 2012). Plums are a
highly commercialized stone fruit and are consumed fresh, in jams or dried, known
as prunes. Despite its agricultural importance and long history of cultivation, there
are still many mysteries concerning the species’ origins and connections. One of
most cultivated is the European plum (Prunus domestica), a hexaploid (2 n = 6x =48
chromosomes) fruit tree that is grown all over the world (Zhebentyayeva et al. 2019;
Zohary et al. 2012).

Plums and prunes are among the fruits in the Rosaceae family, which also includes
cherries, apples, nectarines, peaches, pears, and various berry harvests. The genus
Prunus, which includes all real plums, is a prominent part of the Rosaceae family.
Approximately 200 Prunus species are thought to exist. Principally, they are located
in northern temperate areas. There are a variety of plums, the most significant of
which are European plums (Prunus domestica L.) and Japanese plums (Prunus sal-
icina Lindl). There are also American plums, damsons, Mirabelle plums, and more
varieties. Recently, a few ‘interspecific hybrids’ have been developed by crossing
plums with apricots or sweet cherries (Jayasankar et al. 2015). Figure 1.1 shows some
different varieties of most cultivated plums from Europe.

Luna-Véazquez et al. (2017) compile studies of principal phytochemicals in
stone fruits. Plums are low in calories, with simple sugars, vitamins, minerals,
proteins and lipids. Some phytochemicals are recognized as polyphenols, carot-
enoids, triterpenes and unstable mixtures. Phenolic compounds are incompletely
credited to their cancer prevention agent: polyphenols. Different health properties
have been revealed with the consumption of plums, such as increased antioxi-
dants, antiallergenic properties, better cognitive function and lower cardiovascu-
lar risk (Igwe and Charlton 2016). Particularly, prunes or dried plums have an
exclusive nutritional bioactive profile and are suggested to be beneficial for bone
health (Wallace 2017).

d) e)

=0

N

FIGURE 1.1 Types of plums Prunus domestica: a) prune monsieur native, b) damson,
c¢) prune royale tours, d) greengage and e) Mirabelle plum. Illustrated by Laura Natali
Afanador-Barajas.
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The European plum likely began in a district near the Caspian and Caucasus Seas
and is no less than 2,000 years old. The species of plum localized in the Old World,
beginning in Europe or Asia, is the damson plum (Prunus insititia); antiquated works
interface early development of those plums with the district around Damascus. The
Japanese plum was first tamed in China millennia prior, yet it was broadly evolved in
Japan; from that point, it was acquainted with the remainder of the world. Japanese
plums have a more extended time span of usability than most European assortments
and are in this way the most well-known plum sold economically. Plum production is
developed all through the world, and numerous assortments are adjusted to a scope
of soils and climatic conditions (MiloSevi¢ and Milosevi¢ 2018; Okie and Hancock
2008; Faust and Suranyi 1999; Siddiq 20006).

1.1.2 History ofF PLums

1.1.2.1 Origin of Plums

Different species of plums evolved in Europe, Asia, and North America and were
domesticated independently. Historical evidence proposes Prunus domestica origi-
nated in Europe as P. cerasifera and Prunus spinosa originated in western and central
Asia. P. salicina originated in China, and the Prunocerasus species, such as P. amer-
icana (Marshall plum), originated in North America (Topp et al. 2012; MiloSevi¢ and
Milosevi¢ 2018). The highest diversity of plums among different Prunus species and
have been tamed around three continents (Faust and Surdnyi 1999). Figure 1.2 shows
the places of origin, the expansion and the dispersion of plums around the world.
Plums are distributed throughout Europe, North America and Asia (Okie and
Hancock 2008). The origin of these fruit trees of the genus Prunus is located in
the central (the Caucasus area) and eastern (China) regions of Asia (Figure 1.2). Its

°Origin ° Diversification and dispersion

FIGURE 1.2 Places of origin, expansion and dispersion of plums around the world.
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expansion toward the Near East and the Mediterranean went in parallel with trade
routes and historical events that put the Persian Empire in contact with Europe in the
4th century BCE. This first arrival in Europe would occur through Armenia or Iran
to Greece and Italy. The species also arrived through the southern Mediterranean
to Spain through the Arabs in the second half of the 7th century cE. Finally, the
expansion of these fruit trees to North America, Mexico and South Africa would be
produced from Europe (mainly from Spain) in the 16th and 17th centuries. It was not
until the 18th century that they arrived in Australia (Martinez-Gémez 2017).

P. domestica L. was utilized by humans at least 6,000 years ago, according to
stone remains, and it was commonly grown in Roman times. Because of the lengthy
history of domestication, there is a wide range of morphology (Urrestarazu et al.
2018; Topp et al. 2012). Prunus salicina was initiated in the Yangtze River and spread
across eastern China. The cultivar known as ‘Zhui Li’ has a history of more than two
eras ago. The species labeled as P. consociiflora, P. gymnodonta, P. ussuriensis and
P. thibetica are all P. salicina plums with minor differences and are not currently
considered differentiated species (Faust and Suranyi 1999).

Watkins (1976) investigates the split of the Prunocerasus and Euprunus species.
He claims that if they had separated earlier, the parallels between them would not be
as strong. Most diploid species have a high degree of interspecific compatibility, and
they have been hybridized during the last two centuries to increase adaptability, fruit
quality, and yield. Prunus research has largely focused on crop species and their rela-
tives. The geographic origin of Prunus has unavoidably been assumed to be Eurasia,
given that the genus’s core of crop diversity is in that region. A complex interaction
of geologic tectonic processes and climatic oscillations from the early Eocene period
determined Prunus’s worldwide spread from its place of origin, which either favored
or impeded migration into both the Old and New Worlds at various episodic periods
of geologic time. Furthermore, we have given evidence to support the notion that the
primary evolved from a hybrid (Chin et al. 2014).

1.1.2.2  Polyploidy of Plums

Polyploidy is a common occurrence that plays an important role related to the expan-
sion of new species or forms. Polyploidy is also significant from a practical stand-
point because plants with this trait are frequently highly robust and may be more
resistant to cold and parasitic (OECD 2002). In Prunus, the indispensable number of
chromosomes in vegetative cells is eight. Polyploidy, because of interspecific hybrid-
ization, occurred during the phylogeny of the variety and is liable for self-sterility
and intersterility (OECD 2006).

The Prunus species of European plums are hexaploid, despite the fact that some
of them are genuine diploids. Specifically, Prunus domestica is a polymorphic allo-
polyploid (2n =6x= 48) (Faust and Surdnyi 1999). Two additional ancient wild plums,
the diploid cherry plum Prunus cerasifera and the tetraploid blackthorn Prunus spi-
nosa L., gave rise to the tetraploid species (Jayasankar et al. 2015). The European
plum may be an amphidiploid derived from Prunus cerasifera (2n=16) and Prunus
spinosa (2n=32) (Hartmann and Neumiiller 2009).

Table 1.1 shows many species of plum, the principal ones being P. domestica,
commonly called the European plum, 2n=48, hexaploid, from Europe; Prunus
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TABLE 1.1

Types of Plums and Different Origins and Genetic Compositions

Plums Native Chromosome number
P. domestica (European plum) Europe 2n=48 (hexaploid)
P. domestica ssp. P. insititia (damson plum) Europe 2n=48 (hexaploid)
P. cerasifera (cherry plum) Europe 2n=16 (diploid)

P. spinosa (sloe) 2n=32 (tetraploid)
P. simonii Asia 2n=16 (diploid)

P. salicina (Japanese plum) China 2n=16 (diploid)

P. nigra 2n=16 (diploid)

P. americana (American plum) North America 2n=16 (diploid)

P. hortulana

North America

2n=16 (diploid)

P. angustifolia North America 2n=16 (diploid)
P. mexicana North America 2n=16 (diploid)
P. munsoniaca North America 2n=16 (diploid)

domestica ssp. P. insititia, or damson plum, 2n=48, hexaploid, from Europe; Prunus
salicina with a 2n=16, diploid, from China; and Prunus americana, known as the
American plum, 2n=16, diploid, from North America. The present plum industry is
based on Prunus domestica and Prunus salicina. Neither of these species takes wild
ancestors, and both entered into human use highly developed. The garden plum and
the Japanese plum emerged as important fruit crops around 300 BCE (Zohary et al.
2012).

1.1.2.3 Archaeological Evidence

Stones of all European species of plum (P. domestica, P. cerasifera and P. spinosa)
have been uncovered dating back to 4000—6000 BCE in Ukraine and Germany. These
archeological discoveries of European plums matches more specifically in Neolithic
times (Faust and Suranyi 1999). Prunus domestica appears to have begun in south-
ern Europe or western Asia between the Caucasus Mountains and the Caspian Sea,
covering the beginning of P. cerasifera and moving into western Europe. The most
punctual archeological remaining parts of P. domestica in Europe are inferable
from the Roman period (Sarigu et al. 2017; Browicz and Zohary 1996; Okie and
Ramming 1999; Zohary et al. 2012). Plum stones had appeared in different locations
in Europe from the Neolithic and Bronze Ages, such as Italy, Germany, Austria, and
Switzerland. The stones are variable in shape, but they decrease within the morpho-
logical range compared to actual plums, such as cerasifera and insititia (Zohary
et al. 2012).

Based on archeological findings, confined stones of Prunus spinosa and Prunus
insititia. were found in resident disinterring near to lake at Switzerland. From the
Caspian Sea and the Caucasus Mountains, the plum was spread to antiquated Egypt,
Syria, Mesopotamia and Crete around 6000 BCE (Faust and Surdnyi 1999). A lot
later, because of wars, relocation and exchange developments, plums were known
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in Rome and Greece. The previous account of the history of plums comes from the
Greek verse writer Archilochus (680—645 BCE) and the versifying artist Hipponax
(541-487 BCE), whereas the old Greek thinker Theophrastus (370-287 BCE) depicted
three plum cultivars. The Romans brought homegrown plums from Syria after they
vanquished the region in 65 BCE (Zohari 1986).

1.2 DISTRIBUTION OF PLUMS

1.2.1 GENERALITIES ABOUT PLumM DISTRIBUTION

Diversity in plants is driven by many factors related to climate, geography, soil and
nutrient content (Lompo et al. 2021). Recently, improvement in predicting species
distribution attempts to contribute to understanding the ecological and evolutive
patterns of diversity that will be an important tool in making proper decisions in
reforestation plans, conservation and predicting the suitability of a habitat for many
species (Elith et al. 2006). Undoubtedly, climate change will cause fast alterations
in these patterns, causing problems for people who cultivate these important fruits
for their subsistence. Particularly, plums are native in temperate regions (Okie and
Ramming 1999), and many of the native plums have been improved with better fla-
vor, shape, color and nutritional content.

Ten countries lead plum production, China being the most important. The other
countries are Chile, Spain, India, Iran, Italy, Romania, Serbia, Turkey and the United
States (MiloSevi¢ and MiloSevi¢ 2018). According to FAOstat data, plums are widely
distributed around the world. but it is important to distinguish between botanically
recognized species and varieties, although this classification may vary in some articles.
For Faust and Suranyi (1999), Prunus spinose and Prunus cocomilia, Prunus spinose
L., were the two former species. Both were well distributed and originated in Europe,
North Africa and Northern Turkey; specifically, P. cocomilia is described in Italy.
Prunus spinossa macrocarpa can also be considered an early species, but its exact
origin and history are very controversial (MiloSevi¢ and MiloSevi¢ 2018), even today.

1.2.2 PrincipAL GROUPS

1.2.2.1  Cherry Plum (Prunus cerasifera)

The well-distributed Prunus cerasifera (cherry plum) originated in west Asia, is
native to southeast Europe, and is well known as a common plum; however, the
exact origin of this species is not clear. It is considered the diploid European plum’s
progenitor and is cross-fertile with American species and Asiatic species, which con-
stitutes it as a basic species because it can reproduce with many other species.

The cherry plum is also known as the Myrobalan plum (derived from the Greek
words Myron, which means juice of plant, and balanos, which means nut). In Europe, it
is possible to find it in the United Kingdom, and it is naturalized in the northeast and far
west United States as the Stanley prune. Some common varieties are: ‘“Thundercloud’,
‘Krauter Vesuvius’, and ‘Newport’. Some authors consider it a cultivated form of P. cera-
sifera macrocarpa and a wild form named P. divaricate, more common in the Caucasian
region but native from Macedonia to northern Persia (Faust and Suranyi 1999).
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Some species derived from P. cerasifera are spp ursine (Turkey and Syria); and
varieties and forms of P. cerasifera based on local adaptations have been described
as var.iranica in Iran, var nairica in Armenia and caspica in Caucasia. There are
many hybrids of cherry plums, including the Mariana plum, the Methley plum, and
P. ferganica, and ornamental forms, such as planteriensis Hort, pendula Hort, acuti-
folia Hort and pisardiii, distributed in France.

Garden plums, derived from cerasifera, may include common P. domestica and
P. insititia. The first one well cultivated may be a cross between cerasifera and spi-
nosa; found in Turkey, northwestern Xinjiang (China), Serbia, Hungary and Bulgaria,
with possible origin in Iran (Faust and Surdnyi 1999).

1.2.2.2  Prunus domestica—The Most Important Plum Industry

Prunus domestica is one of the two most important bases of the plum industry and com-
merce; the other is Prunus salicina (Faust and Suranyi 1999). This species was described by
Linnaeus in 1753, and his description was published in Species Plantarum 1:475 (Méndez
2015). Actually, Prunus salicina are the most important species in the plum industry and
are widely cultivated (Faust and Surdnyi 1999). This variety is known as the Italian or
European plum, but the first cultivars were in Syria and probably distributed in Rome and
then to the rest of Europe, especially in the west countries (Okie and Ramming 1999).

During the Crusades, the Romans introduced European plums to the western part
of Europe (Okie and Ramming 1999). It is still not clear for breeders where they can
find its wild form, but is possibly near the Caspian Sea (Milosevi¢ and MiloSevi¢
2018). It is the most economically important fruit tree, particularly in Europe and
southwest Asia, where it is vastly cultivated and is considered a younger species
resulting from the natural cross between Prunus cerasifera and Prunus spinose, but
it is necessary to use other types of analysis to determine this idea.

The trees are well adapted to cooler regions and may be eaten in a variety of
ways. In the United States, California is the main producer, but it can also be found
in Idaho, Washington, Oregon, Michigan and New York (Okie and Ramming 1999).
A subspecies, P. insititia, is cultivated in Connecticut, Maine, Massachusetts, New
Hampshire and Vermont.

1.2.2.3 Yellow Egg Plums—Prunus institia

This group comprises P. insititia L., with all its derived varieties. It originated in
Turkey and is derived from Prunus domestica (Prunus domestica subsp institia) and
has divisions as P. pomarium, P. insititia glaberrima, alpine-orientalis y var leopo-
diensis, Prunus insititia syriaca and var Juliana (Faust and Surdnyi 1999).

1.2.3 WoRLDWIDE DISTRIBUTION

The two major types of plum are the Asiatic and European species. The first ones
include two species, Prunus salicina (formerly P. triflora Roxb.) and Prunus simonii,
also known as the Simon or apricot plum found in China, Japan, and Central Asia;
Prunus simonii was used as a parental species in Californian cultivars. P. salicina,
the Japanese plum, has its origin in the Yangtze River in China, according to Yoshida
(1987), and then spread to the east lands. Small, sun-loving deciduous trees found in
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TABLE 1.2

Major Distribution of Principal Species Cultivated over the World

Country

Argentina

Bulgaria
Brazil

Chile
China
Colombia

Costa Rica
France

United Kingdom
Hungary

Iran

ITtaly

Japan

South Korea
Mexico

Syria

Uruguay

United States

Vietnam

World plum distribution

Prunus domestica (var Agen, President and
Reineclaudes)

Prunus salicina (Black Amber, Santa Rosa and
Red Beaut)

Prunus domestica

Prunus salicina (Carmesin, Rosa Paulista, Gran
Cuore, Gema de Ouro, Golden Talisma, Rosa
Mineira, Januaria and Kelsey-31)

Prunus domestica (var DAgen, President and
Imperial Epineuse)

Prunus domestica

Prunus salicina

Prunus salicina Lindl. Horvin

Prunus domestica

Prunus cerasifera

Prunus cerasifera (Myrobalan)

Prunus domestica

Prunus cerasifera

Prunus domestica

Prunus salicina

Prunus salicina

Prunus domestica

Prunus sativa

Prunus cerasifera

Prunus domestica (Stanley and Reineclaudes)
Prunus salicina (var Santa Rosa, Obil naja,
Leticia and Rosa Nativa)

Prunus angustifolia

Prunus nigra

Prunus hortulana Bailey

Prunus munsoniana

Prunus salicina

Source

(Colamarino 2010)

(Faust and Surdnyi 1999)
(MiloSevi¢ and MiloSevi¢ 2018)

(Colamarino 2010)

(Faust and Surdnyi 1999)

(Orjuela, Camacho, and Parra-
Coronado 2016)

(Calvo 2009)

(Faust and Surdnyi 1999)
(Faust and Surdnyi 1999)
(Faust and Surdnyi 1999)
(Faust and Surdnyi 1999)
(Okie and Ramming 1999)
(Yoshida 1987)

(Yoshida 1987)

(Méndez 2015)

(MiloSevi¢ and MiloSevic¢ 2018)
(Mercado 2016)

(Faust and Suranyi 1999)

Japan, Korea, Vietnam and Australia produce Japanese plums. However, these round
and smooth or wrinkled fruits are actually native to China. In the United States,
especially in California, the plum cultivars now include all the fresh-market plums
developed by intercrossing various diploid species with the original species. Japanese
plums are well distributed in Australia, Vietnam, Japan and Korea. In California,
this species is usually found at supermarkets. A wide variety of fruits resulted from
several genetic crosses between the original species and the diploid species (Okie and
Ramming 1999).
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1.2.3.1 Species and Varieties in the United States

The original five American species of plums are Prunus americana, or wild plum,
Prunus angustifolia, Prunus nigra, Prunus hortulana Bailey and Prunus munsoni-
ana. P. americana is well distributed in the United States, especially in the northern
and eastern regions; it is probably native to Missouri and is well cultivated in Utah
and at the Gulf of Mexico, as well as other states, such as Georgia and Massachusetts.
Prunus angustifolia is well distributed alongside the Missouri River. It comes from
a small deciduous tree and is also called a Chickasaw plum. It can be found in
Delaware, Florida and Texas because it grows well in sandy soils. Prunus nigra is
also known as the Canada plum, but its range includes New England, Michigan, New
York, northern Ohio and Wisconsin. Prunus hortulana Bailey has been cultivated
in many regions, including central Kentucky, Tennessee, lowa and Oklahoma. This
variety is a hybrid between P. americana and P. angustifolia. Finally, Prunus mun-
soniana, or the wild goose plum, is cultivated in Kentucky, Tennessee, Mississippi,
Texas, Minnesota and Kansas (Faust and Surdnyi 1999). Numerous American plum
species resulted from crosses of commercial varieties.

Prunus avium’s (wild cherry) origin is in Europe, northern Africa and southwest-
ern Asia, but it has been well distributed in the United States since colonial times.
It’s not as sweet as other species that have been derived from this type of plum. Their
seeds are dispersed by birds and small mammals, such as squirrels. Varieties include
Lapin Starkrimson and Stella, “Thomas’ Stark gold.

Prunus armeniaca (dwarf apricot) has two types. The ‘Homedale’ Stark
Sweetheart is native to northern China, and its name is derived from Armenia (west-
ern Asia). It was introduced by Stark Bro’s of Louisiana, Missouri, but it’s not as well
developed as other types of plums because of its low tolerance to freezing tempera-
tures and because it’s extremely susceptible to insects and other pests. The Wilson
is a small-dwarf apricot native to northern China and is considered a cultivar that
adapts well in small spaces.

Prunus carolinianus (cherry laurel) is widely distributed to North Carolina and
Florida at the southeast of the United States and to Louisiana, Texas and Arkansas in the
central part of the country. It is characterized as being well adapted to drought places.

Prunus cistena (purple-leaf sand cherry) resulted from controlled reproduction
between P. pumila and P. cerasifera, resulting in a hybrid. It has red leaves is a small
shrub, is tolerant to sun exposure and is more abundant in Canada but is also found
in the United States. Prunus glandulosa ‘Sinensis’, or commonly called the dwarf
flowering almond, has adapted to urban areas but requires well drained soils.

1.2.3.2 Species and Varieties in Latin America

Chile is one of the most important plum cultivators in Latin America; “Sweet
Pekeetah” was the first variety produced at Universidad de Chile for genetic improve-
ment and fruit quality (Bravo 2010). This plum’s culture comprises 32° to 36 south
latitude, at the central valley from the V to VII regions that comprise Maipo Valley,
Curicé and Maule Valley. The varieties used to pulp dehydration are D’Agen,
President and Imperial Epineuse, all derived from Prunus domestica; D’Agen con-
centrates 95% of the planted area, and due to its high sugar level it is particularly
suitable for dehydration, allowing for a high-quality product.
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Argentina is the leading producer of plums in the Southern Hemisphere and is
among one of the three largest exporters of the same group. Varieties of both Prunus
domestica and Prunus salicina can be found in Mendoza and Rio Negro. Japanese plum
varieties (P. salicina) include Black Amber, Red Beauty and Santa Rosa. The European
plum varieties (P. domestica) Agen, President and Reineclaudes are the most cultivated
(Colamarino 2010). Uruguay produces fresh fruit based in the two principal species
(Prunus domestica and Prunus salicina Lind.) and some varieties include Stanley and
Reineclaudes. Uruguay also produces Santa Rosa, Obil’naja, Methley, Leticia and Rosa
Nativa varieties with high juicy content and Golden Japan and Crystal, with particu-
larly yellow and white pulp (Mercado 2016). Colombia reports Prunus salicina Lindl.
Horvin in 16 small towns at Nuevo Colén, principally Aposentos, Potreros 5% 217 117
North, 73 ©27° 24 West in the Boyaca region, where 63% of the country’s plums are
produced (Orjuela et al. 2016). Brazil cultivates the improved Japanese plum varieties
Carmesin, Rosa Paulista, Gran Cuore, Gema de Ouro, Golden Talisma, Rosa Mineira,
Januaria and Kelsey-31 (MiloSevi¢ and MiloSevi¢ 2018).

Mexico cultivates many subspecies derived from Prunus domestica in Puebla,
Veracruz, Chiapas, Jalisco, Nayarit and Sinaloa, among others, and also Prunus
sativa (Méndez 2015). Costa Rica has plum cultivars in high zones at Los Santos,
in La Pastora in San Marcos de Tarrazy and Copey de Dota. In Copey de Dota,
some growers are replacing their apple plantations with plum, as the production is
less expensive. However, its production and commercialization is recent, in small
quantities within the national economy; in addition, it is a product little rooted in the
national economy (Calvo 2009).

The European-type plums (Prunus domestica) are elongated, have a dark skin
color and the stone is easily separable from the pulp. They are the most appropri-
ate for industrial processing. Within this group are the Stanley and Reineclaudes
varieties, both with skin tones ranging from purple to blue. Japanese plums (Prunus
salicina Lind.) are medium to large spherical fruits, with a sweet aroma that is accen-
tuated with ripening, as well as abundant juice, which is why they are preferred for
fresh consumption (Sottile et al. 2010).

1.3 PLUM PRODUCTION

1.3.1 BACKGROUND

The status of the plum production, market and trade around the world is reviewed.
China is the most important producer of plum and sloes, with seven million tons
and with revenue amounted to USD 10 billion (Wood 2019), followed by Romania,
Serbia, Chile and the United States (FAOSTAT 2021).

1.3.2 INTERNATIONAL PRODUCTION

Plums usually need a subtropical and temperate climate, such as those in Europe,
Asia and America. Of the nearly 40 existing species, the most important species
commercially around the world are Prunus domestica and Prunus salicina (Okie and
Ramming 1999; Topp et al. 2012).
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World plum production increased from 10.8 million tons in 2009 to 12.6 million
tons in 2019, as per the estimated data from the Food and Agriculture Organization of
the United Nations (FAOSTAT 2021). The world’s major plum producers are China
(11%), Romania (1%) and Serbia (1%) (Figure 1.3). The United States contributes
0.5% (FAOSTAT 2021). Most plums are produced in Asia (58%), followed by Europe
(29%), America (10%), Africa (2%) and Oceania (1%) (Figure 1.3).

China has established itself as one of the main plum producers and has been
increasing its harvest due to national economic reform (Liu et al. 2007). In the
1980s the production reached 1 million tons, during the 1990s it reached approxi-
mately 4 million tons and finally in the last decade it reached approximately 7 tons
(FAOSTAT 2021). GuangDong Food and Drug Vocational College is one of the
companies that preserved plum production lines in GuangDong Province, an area in
China that supplies more than 65% of preserved plums in the global market (Wang
et al. 2017).

In cooler areas European plums are produced and usually are more acclimatized
than Japanese plums that are produced in hotter areas (Topp et al. 2012; Wangchu
et al. 2021). One of the limitations Japanese plums present are frosts in the winter
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and early spring, and some physical and chemical characteristics of the soil (Okie
and Hancock 2008). The European market sells more European plums, about 90% of
plum production, while Asian markets sell more Japanese plums, about 82%. They
are sold as separate crops and marketed as distinct commodities (Topp et al. 2012).

Europe plum production in 2019 was 2,895,801 tons (FAOSTAT 2021). The princi-
pal countries in Europe with the highest production of Prunus domestica are Romania,
Bulgaria, Hungary and Germany (Dalla and Baric 2012). However, since 2010 the
plum yielding in countries such as Bulgaria and Romania has decreased due to early
fruit drop from sharka disease, a viral disease caused by the plum pox virus (PPV)
(Wangchu et al. 2021). In 1997 Bulgaria produced 112,589 tons of plum fruit, which
decreased by 50% in 2019. In Romania from 2018 to 2019 the production of plums
decreased by 17%. During the 1960s Germany produced approximately 1 million tons
and in 2019 only 52,140 tons (FAOSTAT 2021), making it sixth in plum production
within the European Union (Dalla and Baric 2012). Even so, cultivars often self-fertil-
ize with better resistance to PPV and with high yielding (Ménika Molnér et al. 2016).
Contrary to these countries and despite the fruit production in Serbia showing signs of
reduction, plum production has increased from 459,712 tons in the period 1981-2011
(Lukac Bulatovic et al. 2013) to 558,930 in 2019 (FAOSTAT 2021).

Plum production in the Americas in 2019 was 1,075,914 tons. South America
contributed 66% of production, and North America contributed 34%. Chile, with
465,000 tons, and Argentina, with 150,000 tons, are two of the most important
countries in Latin America when it comes to plum production. The production is
located in cold areas as the states of Rio Grande do Sul that produces about 50% of
the national harvest and the upper mountains of states such as Minas Gerais, Santa
Catarina and Sao Paulo (Eidam et al. 2012).

In the United States close to 53% of the plum yield are European plums, 38%
are Japanese plums and 9% are a mixture of Prunus americana and others species
(Suranyi and Erdds 2004). California during the 2000s was the principal US pro-
ducer, with close to 300,000 tons in annual yield (Jayasankar et al. 2015). However,
since 2011 production has decreased to close to 67%. The last register for 2019 was
approximately 100,000 tons (USDA 2006).

1.3.3 MARKETING AND TRADE

The world market revenue for plums and sloes came to USD 15.7 billion in 2018, a
12% increase from 2017. In the last decade the market value of plums has increased by
about 5%, with some years seeing a decreases in value. By the end of the past decade
market value totaled USD 16.3 billion. China, with USD 10 billion, is the principal
marketer, followed by the United States, with USD 757 million (Wood 2019).

California is the major marketer of plums used for drying. The value of plum
production in California State in 2020 was USD 122,233,000 (Ross et al. 2020).
The United States is the most important plum seller internationally, with 30% of the
worldwide average. Canada and Taiwan were the main importers of US plums in
2020, followed by Mexico and Hong Kong (Boriss et al. 2006). In 2019 the leading
importers were Canada (37%), Mexico (22%), Hong Kong (20%) and, finally, Taiwan
(11%) (FAOSTAT 2021).
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Following the United States, Chile increased its sales from USD 35 million to
USD 100 million between 2001 and 2008 in the exportation of plums (Bravo 2010).
The main Chilean market for plums is the United States. For the years 2016 and 2017,
the United States imported about USD 54 million in fresh plums and USD 40 million
in dried plums (USDA 2017). In 2019 Chile exported 76,305 tons of plum and sloes
to China and 23,860 to the United States, with transactions of USD 121 million and
USD 35 million, respectively. The United States imported USD 52 million in plum
and sloes from Chile (FAOSTAT 2021).

In Germany about 50,000 tons of European plums are sold by producer markets
annually. In total about 300,000 tons of plums are harvested, including fruits pro-
duced for direct marketing, liquor production and for homegrown trees. In Germany
half of the plum production is used in bakeries, 30% for fresh consumption, and the
rest for alcohol production as brandy (Wangchu et al. 2021).

1.4 TAXONOMY

1.4.1 BortaNicAL CHARACTERISTICS OF PLums

The study of taxonomy involves studying an organism’s morphological characters
in detail and classifying; plums are part of the genus Prunus. The botany defines
plums, especially P. domestica, as trees characterized to be deciduous, small and
branched (Figure 1.4). The plums are approximately 4—15 m in height, the branches
are rosy or brown and glabrous, with a few spines that change from reddish brown to
grayish green. P. domestica’s leaves have a deep green color and are alternated; the
form can be obovate or elliptic, the margins are serrulate, and it has parallel veins.
The flowers are solitary or in fascicles of three, with spreading white or pink petals
and approximately 15-30 stamens, diverse with filiform strings. The flower stigma is

FIGURE 1.4 Illustration of Prunus domestica, characteristics of leaves, fruit, seed and
flower. [llustrated by Laura Natali Afanador-Barajas.
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usually truncated. The fruit mostly has a fleshy exterior and is edible. The mesocarp
is fleshy, the endocarp is generally ellipsoid and horizontally compacted, containing
a hard seed known as a stone with a bony pit. Drupes can be purple, purpleblack, red,
green, yellow or golden yellow, are usually globose to oblong and are rarely subglo-
bose (see Figure 1.4) (Lim 2012; Waugh 1901).

1.4.2 PriNcIPAL TAXONOMY OF PRUNUS CLASSIFICATION

Prunus is the principal genus in most significant species of plum (Table 1.3), in the
family Rosaceae and subfamily Amygdaloideac. The European plum is Prunus
domestica, which is hexaploidy. Japanese plum (Prunus salicina) and sloe (Prunus
spinosa) have diploidy, and Prunus simonii shows tetraploidy (Hussain et al. 2021).
Waugh (1901) pronounced the genus Prunus as trees. Flowers have spreading white
or pink petals, with approximately 15-30 stamens, are diverse with filiform strings.
The flower stigma is usually truncated. The fruit is mostly with carnosus with a fleshy
exterior and edible. Also, fruit contains hard seeds known as stones with a bony pit.
An example of these characteristics in Prunus domestica is shown in Figure 1.4.
The NCBI database (Schoch et al. 2020) includes two subspecies for Prunus
domestica (P. domestica subsp. insititia and P. domestica subsp. syriaca), and only
one variety (P. domestica var. Juliana). For Prunus salicina only one variety is
included in the database (Prunus salicina var. cordata). Similarly, P. japonica has
the variety P. japonica var. nakaii. Different varieties of Prunus cerasifera (cherry
plum) include var. cerasifera, f. atropurpurea, var. divaricate and var. Pissardii.
There are also different hybrids with other species of Prunus genus, such as Prunus

TABLE 1.3
Taxonomic Classification in the Different Species of Plums. According to the
Taxonomy of the NCBI Database (Schoch et al. 2020)

Classification European plum Asian plum American plum

Kingdom Viridioplantae Viridioplantae Viridioplantae

Phylum Streptophyta Streptophyta Streptophyta

Class Magnoliopsida Magnoliopsida Magnoliopsida

Superorder Rosanae Rosanae Rosanae

Order Rosales Rosales Rosales

Family Rosaceae Rosaceae Rosaceae

Genus Prunus Prunus Prunus

Species Prunus domestica Prunus salicina Prunus americana
(damsons and domestica Prunus simonii (Simon  Prunus nigra
plums) plums) Prunus angustifolia
Prunus spinosa Prunus triflora (Japanese Prunus hortulana
Prunus cerasifera plums) Prunus munsoniana
(Myrobalan or cherry Prunus subcordata
plum) Prunus maritima

Prunus pumila
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cerasifera X Prunus dulcis; Prunus cerasifera X Prunus munsoniana; Prunus cer-
asifera x Prunus persica; Prunus cerasifera x (Prunus persica X Prunus dulcis);
Prunus cerasifera x Prunus salicina; and (Prunus cerasifera X Prunus salicina) X
(Prunus cerasifera x Prunus persica).

Waugh (1901) found some contradictions in the taxonomy of some members of the
Prunus genus. Consequently, Bortiri et al. (2001) made a summary of the principal
inconsistencies. First, the classification of Prunus into four different genera (Prunus,
Padus, Cerasus and Amygdalus), and later changed to two genera (Prunus and
Amygdalus). Second, a division of five genera formed by Prunus, Armeniaca, Persica,
Amygdalus and Cerasus (with Padus and Laurocerasus). Third, Prunus as a single
genus divided into seven units (Amygdalopsis, Amygdalus, Armeniaca, Cerasus,
Ceraseidos, Laurocerasus and Prunus). Fourth, Prunus with the previous seven parts
as subgenera; and fifth, Prunus were classified into five subgenera as Amygdalus,
Cerasus, Laurocerasus, Prunophora and Padus and Prunus distributed in Euprunus,
Prunocerasus and Armeniaca. Finally, sixth, Prunus was separated into three genera
conformed by Prunus, Laurocerasus and Padus (Chavez and Chaparro 2020).

1.4.3 Prunus PHYLOGENETIC CLASSIFICATION

Plant classification has been difficult due to intergenic hybridization, which has
changed the configuration of taxa. As a result, the definition of species is broadened to
include apomixis and hybridization. Mowrey and Werner (1990) reported a phylogeny
and systematics in Prunus using isozymes to focus on the phylogenetic connections
in Prunus. Prunocerasus was observed to be polyphyletic, with a clade formed by
Prunus americana, Prunus angustifolia, Prunus hortulana, Prunus munsoniana and
Prunus subcordata. Other clade were formed by Prunus maritima and Prunus umbel-
lata. Also, Bortiri et al. (2006) demonstrated the utility of morphological characters
in phylogenetic analysis of Prunus. While Bortiri et al. (2001) used a combination
of ITS sequences, cpDNA, and morphological features to support several nodes that
had previously been discovered in Prunus. Large groups were supported by several
synapomorphies, which provided extra resolution for several clades.

Hodel et al. (2021) studied nuclear and chloroplast phylogenies of Prunus species
using nuclear markers of DNA. They found that various species of Prunus had his-
tories consistent with hybridization and allopolyploidy. Also, they observed that the
Prunus group is monophyletic, but there is some conflict in the gene tree with a sub-
stantial disharmony at several nodes, including the node of the racemose group. They
suggest that a different form of tree topologies that conflicted with the species tree
were consistent with a paraphyletic racemose group. In the case of European plums,
they found a monophyletic clade between Prunus salicina and Prunus domestica.

Chin et al. (2014) found the importance of studying phylogenetic analysis in Prunus
to understand the geographic beginning and ancestral genes of cladogenesis using
the Bayes-DIVA method. Their outcomes showed that contemporary genus appeared
almost ~61 Myr in eastern Asia and enhancement of all significant heredities might
have been set off by a worldwide temperature boost of the early Eocene epoch.

We constructed a phylogeny using the 18S marker with some of the most rep-
resentative species of plum. Figure 1.5 shows three principal clades of species
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plums more related with the geographical distribution. The first clade is formed by
Asian plums (P. salicina and P. simonii), the second clade are formed by American
plums (P. subcordata, P. americana and P. hortulana) and third clade is formed by
European plums (P. domestica, P. spinosa and P. cerasifera).

1.5 CONCLUSION

Plums are an edible plant with diverse origins, dissemination and geographical
distribution (mainly in Europe, the Americas and Asia) that constitutes important
resources of the diversity of fruits. These species of Prunus have great potential to
increase the world production and commercialization of other types of plums in the
future. The classification of plums using taxonomy and phylogenetic analysis offers
a geat form to appreciate the species of plant relationships. In summary, the study of
the history, distribution and production of plums can help maintain the germplasm
of plum species.

1.6 REFERENCES

Boriss, H., Specialist, J., Brunke, H., Specialist, A., and Kreith, M. 2006. Commodity Profile:
Plums, Fresh Market. Agricultural Marketing Resource Center.

Bortiri, E., Heuvel, B., and Potter, D. 2006. Phylogenetic Analysis of Morphology in Prunus
Reveals Extensive Homoplasy. Plant Systematics and Evolution 259 (1): 53-71.

Bortiri, E., Sang-Hun, O., Jiang, J., Baggett, S., Granger, A., Weeks, C., Buckingham, M.P.,
and Parfitt, D.E. 2001. Phylogeny and Systematics of Prunus (Rosaceae) as Determined
by Sequence Analysis of ITS and the Chloroplast TrnL-TrnF Spacer DNA on JSTOR.
Systematic Botany 26 (4): 797-807.

Bravo, J. 2010. Chile y El Mercado Mundial de La Fruta Industrializada. In Oficina de Estu-
dios y Politicas Agrarias—Odepa, 1-14. www.odepa.gob.cl/odepaweb/publicaciones/
doc/2311.pdf.

Browicz, K., and Zohary, D. 1996. The Genus Amygdalus L. (Rosaceae): Species Relation-
ships, Distribution and Evolution Under Domestication. Genetic Resources and Crop
Evolution 43 (1): 229-247.

Calvo, 1. 2009. El Cultivo Del Ciruelo (Prunus Domestica). Boletin Técnico No. 9. Proyecto
Microcuenca Plantén—Pacayas 9: 8. www.scribd.com/document/139519568/CIRUELO-
Cultivo.

Chavez, D.J., and Chaparro, J.X. 2020. The North American Plums (Prunus Spp.): A Review of
the Taxonomic and Phylogenetic Relationships, Prunus. IntechOpen.

Chin, S.W., Shaw, J., Haberle, R., Wen, J., and Potter, D. 2014. Diversification of Almonds,
Peaches, Plums and Cherries—Molecular Systematics and Biogeographic History of
Prunus (Rosaceae). Molecular Phylogenetics and Evolution 76 (1): 34—48.

Colamarino, 1. 2010. Ciruelas Frescas: Informe Sectorial de Las Cadenas de Origen Agricola
y Forestal, October. www.alimentosargentinos.gob.ar.

Dalla, J., and Baric, S. 2012. Tree Fruit Growing—Research and Production in Germany:
A Statistical and Bibliometric Analysis of the Period 1950-2010. Erwerbs-Obstbau 54
(1): 11-30.

Eidam, T., Pavanello, A., and Ayub, R., antonio. 2012. The Plum Culture. Revista Brasileira
de Fruticultura 34 (1): 1-2.

Elith, J. et al. 2006. Novel Methods Improve Prediction of Species’ Distributions from Occur-
rence Data. Ecography 29 (2): 129-151.


http://www.odepa.gob.cl
http://www.odepa.gob.cl
http://www.scribd.com
http://www.scribd.com
http://www.alimentosargentinos.gob.ar

18 Handbook of Plum Fruit

FAOSTAT. 2021. Food and Agriculture Organization of the United National. www.fao.org/
faostat/en/#search/plum.

Faust, M., and Surdnyi, D. 1999. Origin and Dissemination of Plums. In Horticultural Reviews,
edited by Jules Janick, 179-231. John Wiley & Sons, Ltd.

Hartmann, W., and Neumiiller, M. 2009. Plum Breeding. Breeding Plantation Tree Crops:
Temperate Species 161-231.

Hodel, R.G.J., Zimmer, E., and Wen, J. 2021. A Phylogenomic Approach Resolves the Back-
bone of Prunus (Rosaceae) and Identifies Signals of Hybridization and Allopolyploidy.
Molecular Phylogenetics and Evolution 160: 1055-7903.

Hussain, S.Z., Naseer, B., Qadri, T., Fatima, T., and Bhat, T.A. 2021. Plum (Prunus Domes-
tica): Morphology, Taxonomy, Composition and Health Benefits. In Fruits Grown in
Highland Regions of the Himalayas, 169—179. Springer International Publishing.

Igwe, E.O., and Charlton, K.E. 2016. A Systematic Review on the Health Effects of Plums
(Prunus Domestica and Prunus Salicina). Phytotherapy Research 30 (5): 701-731.
Jayasankar, S., Dowling, C., and Selvaraj, D.K. 2015. Plums and Related Fruits. In Encyclope-

dia of Food and Health, 401-405. Elsevier Inc.

Lim, T.K. 2012. Edible Medicinal and Non-Medicinal Plants. Fruits 4.

Liu, W,, Liu, D., Zhang, A., Feng, C., Yang, J., Yoon, J., and Li, S. 2007. Genetic Diversity and
Phylogenetic Relationships Among Plum Germplasm Resources in China Assessed with
Inter-Simple Sequence Repeat Markers. Journal of the American Society for Horticul-
tural Science 132 (5): 619-628.

Lompo, O., Dimobe, K., Mbayngone, E., Savadogo, S., Sambaré, O., Thiombiano, A., and
Ouédraogo, A. 2021. Climate Influence on the Distribution of the Yellow Plum (Ximenia
Americana L.) in Burkina Faso. Trees, Forests and People 4: 100072.

Lukac Bulatovic, M., Rajic, Z., and Dokovic, J. 2013. Development of Fruit Production and
Processing in the Republic of Serbia. Economics and Agriculture 60 (1): 141-151. www.
ea.bg.ac.rs/index.php/EA/article/view/515.

Luna-Véazquez, FJ., Ibarra-Alvarado, C., Rojas-Molina, A., Rojas-Molina, J.I., and Bah, M.
2017. Prunus. Fruit and Vegetable Phytochemicals: Chemistry and Human Health 2:
1215-1226, September.

Martinez-Gémez, P. 2017. Prediccién Cientifica y Prescripcion En Mejora Genética Vegetal
En Cuanto Ciencia Aplicada de Disefio: El Caso de La Mejora de Frutales Del Género
Prunus. Acta Agronomica 66 (1): 115-127.

Méndez, J.C. 2015. Evaluacion de Un Complejo Hormonal y Micronutrientes En El Cultivo de
Ciruelo (Prunus Domestica) y Sus Efectos En La Calidad Del Fruto. Uaaan, Buenavista
Saltillo Coah. http://repositorio.uaaan.mx:8080/xmlui/handle/123456789/6594.

Mercado, M. 2016. Ciruela. Montevideo. www.mercadomodelo.net/c/document_library/
get_file?uuid=3f82441f-a168-4e04-b173-cd9c2ac75056& groupld=42766.

Milosevi¢, T., and Milosevi¢, N. 2018. Plum (Prunus spp.) Breeding. In Advances in Plant
Breeding Strategies: Fruits, edited by J. Al-Khayri, S. Jain, and D. Johnson, 165-215.
Springer.

Moénika Molnar, A., Ladanyi, M., and Kovics, S. 2016. Evaluation of the Production Traits and
Fruit Quality of German Plum Cultivars. Acta Universitatis Agriculturae Silviculturae
Mendelianae Brunensis 64 (1): 109-114.

Mowrey, B.D., and Werner, D.J. 1990. Phylogenetic Relationships Among Species of Prunus
as Inferred by Isozyme Markers. Theoretical and Applied Genetics 80 (1): 129—-133.

OECD. 2002. Consensus Document on the Biology of Prunus Sp. (Stone Fruits). www.oecd.
org/env/ehs/biotrack/46815738.pdf.

OECD. 2006. Section 6 — Stone Fruits (Prunus Spp.). In Safety Assessment of Transgenic
Organisms, vol. 2, 175-203. OECD Publishing.

Okie, W.R., and Hancock, J.F. 2008. Plums. Temperate Fruit Crop Breeding: Germplasm to
Genomics 1: 337-358.


http://www.fao.org
http://www.fao.org
http://www.ea.bg.ac.rs
http://www.ea.bg.ac.rs
http://repositorio.uaaan.mx:8080
http://www.mercadomodelo.net
http://www.mercadomodelo.net
http://www.oecd.org
http://www.oecd.org

History, Distribution, Production, Classification 19

Okie, W.R., and Ramming, D.W. 1999. Plum Breeding Worldwide. HortTechnology 9 (2):
163-176.

Orjuela, M., Camacho, J., and Parra-coronado, A. 2016. Evaluacién de Crecimiento En Cose-
cha de Ciruela (Prunus Domestica L.), Variedad Horvin. En El Municipio de Nuevo
Colon Boyacd, 601-605. XII Congreso Latinoamericano y Del Caribe de Ingenieria
Agricola (CLIA). www.researchgate.net/publication/309352790.

Pio, R., Farias, D. da H., Bianchini, FE.G., Peche, P.M., and Bisi, R.B. 2018. Selection of Plum
Cultivars for Subtropical Regions. Ciéncia Rural 48 (11).

Ross, J., Davis, V., Foster, C., and Ray, T. 2020. National Agricultural Statistics Service. Www.
nass.usda.gov/.

Sarigu, M., Grillo, O., Bianco, M. L., Ucchesu, M., d’Hallewin, G., Loi, M.C., Venora, G., and
Bacchetta, G. 2017. Phenotypic Identification of Plum Varieties (Prunus Domestica L.)
by Endocarps Morpho-Colorimetric and Textural Descriptors. Computers and Electron-
ics in Agriculture 136: 25-30, April.

Schoch, C.L., Ciufo, S., Domrachev, M., Hotton, C.L., Kannan, S., Khovanskaya, R., Leipe,
D., McVeigh, R., O’Neill, K., Robbertse, B., Sharma, S., Soussov, V., Sullivan, J.P., Sun,
L., Turner, S., and Karsch-Mizrachi, I. 2020. NCBI Taxonomy: A Comprehensive Update
on Curation. Resources and Tools Database.

Siddiq, M. 2006. Plums and Prunes. In Handbook of Fruits and Fruit Processing, edited by
Y.H. Hui, Isted., 553-564. John Wiley & Sons, Ltd.

Sottile, E., Peano, C., Mezzetti, B., Capocasa, F., Bellini, E., Nencetti, V., Palara, U., Pirazzini,
P., Mennone, C., and Catalano, L. 2010. Plum Production in Italy: State of the Art and
Perspectives. Acta Horticulturae 874 (2): 25-34.

Surdnyi, D., and Erdés, Z. 2004. Comparative Study of Plum Cultivars Belonging to Different
Taxons During 1980-1996. International Journal of Horticultural Science 10 (4): 13-19.

Topp, B.L., Russell, D.M., Neumiiller, M., Dalb6, M.A., and Liu, W. 2012. Plum. In Fruit
Breeding, edited by Marisa Luisa Badenes and David H. Byrne, 571-621. Springer.

Urrestarazu, J., Errea, P., Miranda, C., Santesteban, L.G., and Pina, A. 2018. Genetic Diver-
sity of Spanish Prunus Domestica L. Germplasm Reveals a Complex Genetic Structure
Underlying. Plos One 13 (4): 1-14.

USDA. 2006. List of Tables. USDA’s National Agricultural Statistics Service, California Field
Office Publication. www.nass.usda.gov/Statistics_by_State/California/Publications/
Annual_Statistical_Reviews/2006/2006cas-all.pdf.

USDA. 2017. Strategic Plan 2013-2018. www.ers.usda.gov/media/9361/strategic-plan-
2013-18.pdf.

Wallace, T.C. 2017. Dried Plums, Prunes and Bone Health: A Comprehensive Review. Nutri-
ents 9 (4): 1-401.

Wang, S., Zhou, A., Yang, X., Yang, J., Huang, K., and Chen, H. 2017. Study on the Heat Pump
Technology of Shuanghua-Plum Preserved. Science and Technology of Food Industry 38
(12): 227-232.

Wangchu, L., Angami, T., and Mandal, D. 2021. Plum. In Temperate Fruits, edited by D. Man-
dal, U. Wermund, L. Phavaphutanon, and R. Cronje, 1Ist ed., 297-331. Apple Academic
Press.

Watkins, R. 1976. Cherry, Plum, Peach, Apricot and Almond: Prunus Spp. (Rosaceae). In Evo-
lution Crop of Plants, edited by N.W. Simmonds, 242-247. Longman.

Waugh, F. 1901. Plums and Plum Culture: A Monograph of the Plums Cultivated and Indige-
nous in North America, with a Complete Account of Their Propagation, Cultivation and
Utilization. Orange Judd Co.

Wood, L. 2019. World Plums and Sloes Market Analysis, Forecast, Size, Trends and Insights.
www.businesswire.com/news/home/2019090400565 1/en/World-PlumsZZZ-and-Sloes-
Market-Analysis-Forecast-Size-Trends-and-Insights-Report-2019.


http://www.researchgate.net
http://www.nass.usda.gov
http://www.nass.usda.gov
http://www.nass.usda.gov
http://www.nass.usda.gov
http://www.ers.usda.gov
http://www.ers.usda.gov
http://www.businesswire.com
http://www.businesswire.com

20 Handbook of Plum Fruit

Yoshida, M. 1987. Plums. In The Origen of Fruits, vol. 42, 49-53. Fruit of Japan.

Zhebentyayeva, T., Shankar, V., Scorza, R., Callahan, A., Ravelonandro, M., Castro, S.,
DelJong, T., Saski, C.A., and Dardick, C. 2019. Genetic Characterization of Worldwide
Prunus Domestica (Plum) Germplasm Using Sequence-Based Genotyping. Horticulture
Research 6 (1): 1-13.

Zohari, D. 1986. The Origin and Early Spread of Agriculture in the Old World. In Develop-
ments in Agricultural and Managed Forest Ecology, vol. 16, 3-20. Elsevier.

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, Europe, and the Mediter-
ranean Basin, 4th ed. Oxford University Press.



