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Chapter 1

Introductory Chapter: Apple 
Cultivation – Recent Advances
Ali Kuden, Burhanettin Imrak, Songul Comlekcioglu  
and Ayzin Küden

1. Introduction

Apple (Malus x domestica Borkh.) originated in Northern Anatolia, the Southern 
Caucasus, the regions in the southwest of Russia, and around Central Asia. This very 
nutritious fruit has spread all over the world from Central Asia. Apple has a wide 
adaptability to be grown in many climatic zones of the world. Besides Central Asia, 
East Asia, West Asia-Europe, and North America Gene Centers, countries such as 
Australia and New Zealand, which do not have gene centers, have played a major role 
in the emergence of new varieties.

The changes in apple production in European countries between 2014 and 2019 
and the production estimates for 2020 are given in Table 1. While apple production 
decreased in Western European countries because of unfavorable weather conditions, 
Poland became the country with the highest increase in production (Table 1). When 
apple production in European countries between 2014 and 2019 was examined based 
on variety, there was a significant decrease in the production of Boskoop, Cox Orange, 
and Idared varieties grown with Golden Delicious and Red Delicious (Starking, 
Starkrimson, etc.) groups. Production increases that started with Jonagold and 

Countries 2014 2015 2016 2017 2018 2019 (1)2020 (2)%

İtaly 2.456 2.280 2.272 1.704 2.264 2.096 2.080 3

France 1.444 1.674 1.515 1.424 1.477 1.651 1.431 −6

Germany 1.116 973 1.033 597 1.093 991 951 6

Spain 505 482 495 480 476 555 467 −7

England 206 243 239 207 219 205 207 −2

Netherlands 353 336 317 228 267 272 234 −8

Poland 3.750 3.979 4.035 2.870 4.810 2.910 3.400 −4

Hungary 920 522 498 530 782 452 350 −40

Romania 382 336 327 230 425 327 343 5

Total 12.541 12.326 11.834 9.251 13.275 10.783 10.711 −4

(1) Product estimates. (2) Increases and decreases in production in 2019 and 2020.

Table 1. 
Changes in apple production in Europe countries between 2014 and 2018 and 2020 production estimates.
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Braeburn continued with Elstar, Gala, Fuji, and Pink Lady varieties. In recent years, 
the production of new varieties and club apples has started to increase, especially the 
Red Jona Prince (Table 2). Türkiye, Golden apple production in the previous years 
mostly depends on Golden Delicious, Starking Delicious, Granny Smith, and Amasya 
varieties and did not include many types and varieties in some statistics. With the 
popular use of new apple varieties and the establishment of a fully enclosed garden 
facility with them, statistics can be determined more easily. In Türkiye, the produc-
tion of the apple varieties of Gala, Braeburn, Jonagold, Fuji, and Modi is estimated 
to be about 300,000 tons in 2020. This production amount constitutes a significant 
part of the total apple production. Apple production in the world apart from China, 
the varieties that are expected to increase in production are Cripps Pink, Honeycrisp, 
Gala, Scifresh / Jazz®, and Sciros / Pacific Rose®. Other varieties are significantly 
reduced [1, 2].

2. Pollination of apple

In addition to the varieties and rootstocks in the apple orchard establishment, other 
important factors are pollination and fertilization of the varieties. In the pollination 
process, biological and physical factors, sexual incompatibility, simultaneous flower-
ing, pollinator vectors, and weather conditions at the time of pollination are impor-
tant. When one or some of these factors are blocked or do not occur, pollination and 
consequently fruit set and quality are negatively affected. All apple varieties require 
foreign pollination in commercial cultivation. Self-productivity level varies according 
to varieties. For example, the Delicious variety is completely unfertile to itself, while 
Golden Delicious is partially fertile to itself. In terms of foreign pollination requests, 
all red and red spur types are similar to their parental plants and show incompatibility. 
These varieties can easily fertilize each other in the gardens that will include Gala 
apples, Fuji, Scarlet Spur, Redchief, and Granny Smith, which are also included in the 
experiments and are other commercial varieties. In general, the flowering period in 

Varieties 2014 2015 2016 2017 2018 2019 2020 (1) (2)

Cripps Pink 249 244 261 260 275 289 277 1

Elstar 431 399 387 265 357 363 312 −5

Fuji 321 338 288 290 332 316 294 −6

Gala 1.318 1.382 1.312 1.271 1.467 1.439 1.490 7

Granny S. 383 405 384 363 393 372 369 −2

Jonagold 644 633 567 298 577 391 310 −27

Jonagored 491 519 539 335 563 246 231 −39

New Varieties 165 207 213 209 344 359 405 33

Pinova 79 119 104 85 155 140 154 22

Red Delici. 675 643 632 558 737 678 660 0

Red Prince 98 104 156 114 371 407 437 47

www.wapa-association.org & www.prognosfruit.eu

Table 2. 
Changes in the production of apple varieties in Europe countries between 2014 and 2019 and the year 2020.
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apples lasts 10–15 days. Early and medium, and medium and late flowering varieties 
can pollinate each other. On the other hand, in addition to sufficient pollen production 
for pollination, flowering times must also coincide with each other.

For sufficient pollination;

1. Pollinator variety and main variety should bloom at the same time,

2. Pollinator varieties are diploid, and the vitality of flower pollens should be high,

3. The pollinator variety should not be too far from the main variety, it should be 
kept in the garden at appropriate rates,

4. Honeybee or other insect activities should be organized in the garden at the time 
of flowering,

5. Weeds, which attract more attention of bees and bloom at the same time with 
apples, should not be kept in the garden,

6. In the selection of pollinator varieties, information such as the vitality of the 
pollen on the flowers of apple varieties and the flowering period of the main and 
pollinator variety are required.

Bee flight also becomes very weak in windy, rainy, and overcast weather. 
Therefore, wasps could be used for pollination in cold and rainy climates.

3. Apple rootstocks

3.1 Generative rootstocks

In many countries, seeds of Winesap, Rome Beauty, G. Delicious, Mclntosh, and 
Yellow Newton varieties are preferred to obtain rootstocks. In Türkiye, generative 
rootstocks of apples such as seeds of Golden Delicious and Ferik apple varieties can be 
advised to obtain rootstocks.

Although the high-density planting of apple orchards using dwarf and semidwarf 
rootstocks has gained importance in the world, apple orchards in Türkiye are still 
mostly established with apples grafted on seedlings.

Besides, deep-rooted and strong rootstocks are needed for the apple orchard plant 
in dry and insufficient irrigation areas.

3.2 Clonal apple rootstocks

Alnarp2 (A2): It was obtained in Sweden. It is a strong rootstock and suitable for 
cold regions.

AR Series: It was obtained at East Malling Horticultural Research Institute in 
England. The growing strength is between M9 and M27. It is better than M27 in terms 
of fruit size. The growing strength of the AR series range from M27 to MM106.

Budagovski Series: They are rootstocks obtained by crossing in Russia by 
Budagovski. The most important is B9. Other important Budagovski rootstocks are 
B146, B469, and B491.
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CG Series: Selected from free pollinated seedlings of M8 by H. Guengerich in Stark 
Bros young plants in the USA. It is slightly stronger than the M9.

Cornell Geneva Series: It was obtained at New York Geneva Test Station. Geneva® 
breeding program is the first program to reveal several dwarf apple rootstocks (G41, 
G969, G214, G210, G202) that are more efficient and have a different resistance than 
MM106, and MM111 types have been.

J9 Series (Jork9): It was obtained from free-pollinated M9 seedlings in Germany. 
Some of its characteristics are similar to the M9.

JM Series: It was obtained by crossing medium-strong rootstocks Marubakaido 
(M.prunufolia) and Mitsubakaido (M.sieboldii) with M9 in Japan. The rootstocks that 
gain importance are JM1, JM5, JM7, and JM8. All of them are stunted from M26, while 
JM1, JM5, and JM8 are stunted from EMLA9.

KSC Series: Robusta No.5 main variety obtained in Kentvil in Canada and 
Antonovka rootstock were used as pollinators. The KSC is numbered from 1 to 30.

MAC Series: It was obtained by R.F Carlson at Michigan State University in the 
USA. MAC 1, 4, 9, 16, 24, 39, and 46 gained importance.

MH Series: British M and MM series rootstocks in Israel did not yield good results 
due to high soil temperatures and insufficient rest. MH 14–5 and MH 15–6 were 
obtained from Hashabi, a local apple variety.

Ottawa Series: It was obtained in Canada. It is named from 0.1 to 0.17. They are 
cold-resistant rootstocks.

P Series: These rootstocks are more resistant to cold than English rootstocks 
obtained by crossing Antonovka and M.4 and M9 in Poland. P1, P2, P16, P14, and P22 
have gained importance.

V Series: It was obtained at Ontario Horticultural Research Station in Canada. 
Range from V.605–1 to V.605–7.

3.3 Series of East Malling very dwarf rootstocks

M27 was obtained by crossing M13 and M9 rootstocks in 1929. It is a very dwarf 
rootstock. It is not used to a great extent in practice. It is used as a transitional root-
stock in strong rootstock weak-cutting relationships.

3.4 Dwarf rootstocks

M26 was obtained by crossing M16 and M9 rootstocks in 1959, and it has found a 
very fast usage area due to its earliness and 40–50% shortening compared to seedlings 
and productivity. It does not like very moist soils. It needs to be attached to a stake 
toward the ground to keep it in the ground.

M8, M9: The common characteristics of these two rootstocks are that the root 
systems are outcrop and fringe rooted; their holding in the soil is very weak. Also, trees 
grafted on both rootstocks begin to yield 2–3 years after planting, they become small-
crowned and dwarfed. The dwarfing characteristics of M8 and M9 rootstocks are also 
used as transitional rootstocks. Besides, M9 rootstock dwarfs the apple trees by 65–75%.

3.5 Semidwarf rootstocks

Root depth on the soil of both M2 and M7 rootstocks is better than the previous 
rootstocks. They have medium-sized canopy and fructify early. These rootstocks are 
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resistant to soil moisture. M2 and M7 rootstock are dwarfed by 25% and 35–45%, 
respectively, in apple varieties grafting on these rootstocks.

Strong rootstocks M1 and M13, M25, very strong rootstocks M12, M16. There are 
also Malling Merton rootstock series except for East Malling rootstocks. These are 
MM104, MM106, MM109, and MM111.

Among these rootstocks, MM106 is commonly used. The rootstock is semidwarf-
ing and very fertile. It likes loamy soil, has a root system that can hold well in the soil, 
and tends to start very late in the spring development period, leaf fall, and winter rest 
period. MM 106 rootstocks induce 25–40% dwarfing in apple varieties grafting on the 
rootstock. The rootstock is not fertile in cropland with drainage problems or watery 
land.

The commonly used planting distances and the required seedlings for 10 decares 
considering the varieties and rootstocks are given in Table 3.

4. Club apples and varieties

Apple club varieties emerged in the late twentieth century and have been on the 
rise since the 2010s. In 2009, around 30 varieties of the apple club were distributed 
to stores around the world. The apple club continues mainly in Europe. Mostly, 
apple varieties play a role besides cherry and pear. In this system, the world market 
is managed by centralized hiring, and apples are produced in limited quantities 
under license and brand protection in high standard quality. Prospective produc-
ers negotiate with the licensee about production and marketing before joining the 
club.

Producers are required to ensure the fruit quality criteria determined in the 
fields of breeding and marketing. With quality control, fruits are sold at a high price 
or at least a standard price is provided. Production is controlled and prevented by 
nonmembers.

Major important club apple varieties: Civni-Rubens®, FavDiwa® (Junami®), 
Pink Lady®, Rosy Glow, Modi®, Kanzi, Ambrosia, Jazz™, Lady Alice, Pacific Rose™, 
Piñata®, Sonya, Sweetango™, Red Prince, Caudle (Cameo®), Cripps Pink (Pink 
Lady®), Delblush, (Tenta- tion®), Honeycrisp (Honeycrunch®, Brak (Kiku® 8. 
Nicogreen-(Greenstar®), Sciros, Pacific Rose®.

Varieties Rootstocks Planting distance (m) Numbers of trees (pcs/ha)

Golden D. M9 3,0 × 1,0 3333

Granny Smith M9 3,0 × 0,80 4166

Jonagold M9 3,0 × 1,0 3333

For Red Delicious

Standard types M9 3,5 × 1,5 1904

Standard types MM 106 5,0 × 4,0 500

Spur types M 26 3,0 × 1,0 3333

Spur types MM 106 4,0 × 1,5 1666

Table 3. 
Rootstocks suitable for some apple varieties, planting spacing, and number of trees in one hectare.
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5. Importance of apple for health

Apple is the most consumed fruit in the world and is important for health. Apple 
is a powerful source of antioxidants and it has been determined to increase resistance 
against some types of cancer, cardiovascular diseases, asthma, and diabetes. In stud-
ies, it has been determined that apples contain strong antioxidants, such as catechin, 
floridzin, and chlorogenic acid, various chemical compounds and quercetin, thus 
reducing lipid oxidation and reducing cholesterol and preventing the proliferation of 
cancer cells. It is stated that there are 1500 mg of vitamin C in 100gr fresh apples, and 
that polyphenols, quercetin, and glycosides are found in the apple peel. It has been 
determined that apples contain two times more antioxidants than citrus fruits, about 
five times more than bananas, and 10 times more than Goji berry juice [3].

6. Covering systems in apple orchards

Nets are mostly used for protection from rain, winter frosts, and sun. As in the 
rest of the world, increases in the value of sunlight receiving our country have been 
observed in the last 5 years. In some ecologies in the temperate climate zone where apple 
cultivation is carried out, it is known that apples are sensitive to high temperature and 
solar radiation (light intensity), which is seen especially in summer and causes sunburn 
in fruits; however, it varies according to apple types. In apple cultivation, sunburn dam-
age occurs on fruits at temperatures above 35–40°C and this damage negatively affect 
the quality and storage time of the fruit. While sunburn damage occurs in fruits with 
high light intensity and lux, fruits are not colored well with low light intensity [4].

7. Pruning of apple trees

Pruning in apple orchards are made in three groups:

a. Important points in shape pruning on young trees: Over-pruned seedlings bear 
fruit late, so the seedlings should be pruned according to the purpose. Branch 
angles should be considered while creating side branches. Therefore, the variety 
and characteristics of the rootstock should be well known. The shape of the apple 
trees could be created depending on the region [5].

b. The purpose of pruning on productive trees is to keep the crown of the tree at a 
certain size and to ensure trees’ yields every year.

c. Rejuvenation pruning is applied to trees after 30–35 years of age to ensure fruit 
size and economical production. Since rejuvenation pruning is very severe, prun-
ing should be completed in 2–3 years and technical works, such as fertilization, 
irrigation, and agricultural struggle, should be done carefully. Grafting paste 
should be used after the pruning processes. In the dwarf system, renewal prun-
ing should be applied to keep the trees young.

In fruit trees, there are three separate life cycles: the period between planting and 
the beginning of the tree to yield is called “Juvenil,” the period from yield to losing 
productivity is called “maturity,” and the following period is called “old age.”
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Farmers want the period of juvenility to last as short as possible. Therefore, they 
use some technical measures to get shorted this period, such as cutting roots, drown-
ing the stem, fertilizing fruit seedlings with nitrogen fertilizers in a balanced way, and 
using weak rootstocks. In addition, creating a regular, strong, and balanced canopy in 
fruit trees, leaving branches long or not cutting at all, widening the angles of strongly 
growing branches or narrowing the angles of poorly growing branches, cutting off 
some of the excess branches, and bending or twisting branches are some used meth-
ods to balance between root and crown in trees in a shorter time.

7.1 Pruning times

Winter pruning: The period after fruit trees enter winter dormancy is the best time 
for pruning in places where the winter is warm. In regions with cold winters, pruning 
is done after severe frosts to prevent the fruit trees from getting cold on the cutting 
surfaces, and the resistance of the tree against frost is increased. The most suitable 
period for pruning fruit trees is the period between the days following the defoliation 
and the beginning of the spring development period.

Summer pruning: All of the processes, such as reducing the shoots from brunches 
during the summer, taking the tip, bending, connecting the branches and widen-
ing, and narrowing the angles, are called summer pruning. When the branches of 
fruit trees begin to become woody, summer pruning should begin and continue 
this process in June, July, and August, and continue this process until the end of 
September in some cases. After that, winter pruning should not be done. Summer 
pruning is an important technical procedure that should be done especially during the 
shaping years of fruit trees. On the other hand, the branches that need to be removed 
by cutting can be used by bending, twisting and such branches, which are harmful to 
trees, can be used well. Therefore, early initiation of the flower bud of fruit trees can 
be achieved and their yields can be increased.

Yield pruning: Fruit trees enter physiological balance at the end of certain periods. 
The balance between shoot and fruit development should continue for a long time. 
This can only be achieved by yield pruning.

Branch break: In modern apple cultivation, when there is an imbalance of develop-
ment on side branches in trees, usually backward pruning is performed in Spur and 
Standard apple varieties. Recently, the branch-breaking method is performed when 
there is an unbalance of development in the side branches in standard varieties.

7.2 Tree shape pruning in apples trees

Classic orchards (Free Shapes): Goble, central leader, modified leader.
using modern dwarf rootstocks and compulsory shapes: Palmets, Cordons 

(Vertical and Inclined Cordon), Spindel, Super Spindel, Tall Spindel, Normal Spindel, 
Vertical Axixs, HYTEC, Solen, Solax, Mikado, and Bibaum.

Shape criteria in pruning, and relationship between row planting spaces and trunk 
diameter.

Canopy projection diameter less than 50 cm2 on Cords and row distances 
40–50 cm.

Canopy projection diameter 50–100 cm on Super Spindel, Fruit Wall, Bibaum, 
High Tree Shape, row distances 50–100 cm.

Canopy projection diameter greater than 100 cm Normal Spindel, Solax, Tall 
Spindel, Bibaum, row distances 100–120 cm.
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In classic dwarf orchards, tree heights were limited to 2.2–2.5 meters in spindle 
pruning. In these orchards, as the trees get older, the pruning labor cost increases 
with each passing year. The figure below shows trees that have not been pruned and 
pruned on classic dwarf apples. Too many cuts are applied here.

8. Thinning methods in apple

Thinning in apple trees is especially important in terms of fruit quality. The 
purpose of thinning is to increase the amount of marketable fruits.

Nowadays, fruit thinning is done by hand, hormones, and chemicals. Hand 
thinning in 15–20 cm per fruit or one fruit per 40 to 50 leaves, in the spindle system, 
pruning is done at 20–25 fruits per tree approximately 30 days after full bloom.

In the thinning studies carried out on apples, chemical substances, and hormones 
applications provide regular yields every year, while the hand thinning applications 
decrease the yield in the following year.

9. Soil properties and soil cultivation of apple trees

The best soil for apple growing is sufficient amount of loam, loamy-sandy, and 
sandy-loam permeable soils, including lime and humus. Apple trees are more sensi-
tive in terms of soil characteristics in an arid area than in a moist area.

Although apple roots generally grow upward, the groundwater is not desired to be 
above 1 meter. If there is less salt in the soil, the tree is able to grow in this situation. 
The apple tree is more sensitive to unfavorable soil conditions than the pear tree.

Trees in very calcareous soils turn yellow due to problems with iron absorption. 
The most favorable soil reaction is between pH 6 and 8 levels. Soil tillage methods to 
be applied in apple orchards able to be formed into two main parts.

Open soil tillage: The purpose is to keep clean the bottom of the trees and 
the orchards by using all kinds of tillage tools in summer and winter. Thus, it is 
possible to eliminate the competition of weeds with plant roots. The open tillage 
method should never be applied in a field that is widely exposed to water and wind 
erosion.

Conservation soil tillage: As the name suggests, this method is to keep the soil sur-
face covered with some cover plants. In this system, depending on whether the cover 
is permanent or not, it is divided into two temporary covered and permanent covered.

Autumn cover crops, such as wheat, rye, winter vetch, red truffle, sweet truffle, 
and clover, are planted in temporary coverings. In the spring, the cover plants are 
buried in the soil by using a disc harrow.

Mulching: It provides benefits in numerous fields, such as preserving moisture, 
weed control, temperature, reducing labor and cost, protects the soil structure, 
improving soil structure, reducing nutrient and water loss, high-quality fruit, pest 
and disease control, early harvesting, and high-quality yield.

10. Conclusion

Recently, modern apple-growing techniques are developed and spread all around 
the apple-growing areas. With the fast development in science and technology, 
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understanding the importance of apple on human health, increase and easiness of 
transportation and exportation, gained more importance to apple growing. Thus, in 
different countries in the world, apple’s marketing and growing techniques developed 
by the results of many research studies and publications.

Malus domestica Borkh. is one of the most important fruit species widely spread 
to various climatic and soil conditions with the use of different rootstocks. This wide 
adaptability of Malus species gives the opportunity to be grown in many different 
climatic areas. Despite high genetic variability, thousands of cultivars are distributed 
throughout the world. There are also many studies on growing apples in the subtrop-
ics and tropics with low-chilling apple cultivars.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Malus Wild Species of Kazakhstan
and Their Conservation In Situ
Svetlana Dolgikh, Sagi Soltanbekov and Balnur Kabylbekova

Abstract

Kazakhstan has concentrated unique genetic resources of plant agrobiodiversity
of world significance. It has received international recognition for fruit agro-
biodiversity and, above all, wild apple, which is highly resistant to many
diseases, high frost resistance, and wide ecological plasticity. Kazakhstan is the
original genetic center of biological variability of wild apples and, historically, has
formed their rich gene pool. Wild apple species in Kazakhstan are genetically kindred
to cultivated varieties of the world. Genetic diversity and polymorphism of Malus
Sieversii (Ledeb.) from Ile Alatau and Dzhungraian Alatau were studied with ISSR
markers.

Keywords: wild apple, Malus Sieversii, genetic diversity, in situ, conservation

1. Introduction

The wild apple tree of Kazakhstan is represented by M. Sieversii, M. Kirghisorum,
and M. Niedzwetzkyana. There are quite serious disagreements regarding the system-
atic position of these species. So F.D. Likhonos [1] believes that according to the
morphological characteristics of the Nedzvetsky apple tree—M. Niedzwetzkyana is
very close to the Sievers apple tree—M. Sieversii and is defined as a variety of M.
Sieversii subsp. Sieversii var. Niedzwetzkyana (Dieck) Likh. An undeniable fact is that
the Nedzvetsky apple tree is distributed within the area of the Sievers apple tree, but
according to V.T. Langenfeld [2], the presence of only red pigmentation of vegetative
parts, flowers, and fruits of the plant does not allow considering this apple tree as an
independent species. The apple tree of the Kyrgyz is M. Kirghisorum, which does not
have large morphological differences from the apple tree of Sievers V.T. Langenfeld,
proposes to consider as a subspecies M. Sieversii subsp. Kirghisorum (Theod.et.Fed.)
Likh. In modern conditions, these species, according to the peculiarities of addition
and distribution, by their valuable role and share of participation in the vegetation
cover, perform to various degrees. Thus, M. Sieversii occupies a wider and defined
range, while M. Kirghisorum’s role in the formation of the modern landscape looks
secondary and topographically limited. M. Niedzwetzkyana, discovered by B.A. Bykov
in 1957 in Karatau and Ile Alatau, is insignificant in number and range and does not
form large populations anywhere.
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So, the natural forests of wild apple of the Kazakhstan in terms of scale,
uniqueness, genetic potential, scientific, and practical significance can be classified as
one of the most valuable plant communities of the earth [3]. In this regard, their study
and preservation in situ and ex situ are important and relevant for the scientific
community.

2. Specific features of Malus wild species of Kazakhstan and implication
for their conservation

2.1 Specific features of Malus wild species of Kazakhstan

Sievers’ apple tree is 2–10 (14) m tall. The leaves are large from short-elliptic to
oblong with a wedge-shaped, less often rounded base, at the apex usually
suddenly turning into a short pointed tip, along the edge the leaf plate is
town-shaped. The flowers are 3.5–6 cm in diameter, on long felt pedicels. The
petals are pale pink. Fruits are 3–4 cm in diameter, spherical, or flattened-
spherical. Along mountainous slopes, gorge bottoms, river valleys in the belt of
woody-shrubby vegetation (from 900 to 2300–2600 m above sea level) form
apple forests.

M. Sieversii is a very polymorphic species. Experimental data from population
genetics show that in plants in the mountains, due to the small size of populations
and the variety of natural conditions, random combinations of features that are
little controlled by selection prevail. This leads to the emergence of new qualities
and the rapid pace of their evolution, which was the main reason for the emergence
in the mountainous regions of Central Asia of a huge variety of forms and poly-
morphism of apple trees. In mountain forests, wild individuals are distinguished
by an amazing variety of fruits. These apple trees are drought-tolerant, frost-
tolerant, and durable (about 150 years) [4].

Wild apple hybrids are characterized by a huge intraspecific polymorphism as a
consequence of genetic differences. Within one population, each apple tree is an
independent form with reliably distinctive features and properties from the
neighboring apple tree. The practical value of these forms and their hereditary
properties vary greatly; therefore, in order to preserve the most valuable and
well adapted to the specific environmental conditions of the forms, it is necessary
to be planted with planting material genetically corresponding to the selected
forms. Vegetative propagation meets this condition. Wild apple tree refers to a
culture that is easily propagated by root growth, but difficult to form subordinate
roots on the stem parts. Non-specialized parts and organs of the plant that serve
the purpose of vegetative propagation are not naturally separated from the
mother plant. On horizontally located lateral roots of apple trees, adventitious
(appendage) and dormant buds develop, from which, under favorable
conditions, root offspring form. M. Kirghisorum and M. Sieversii are distinguished
by great energy in the formation of root offspring and large natural stands, num-
bering up to several hundred trunks, turn out to be connected by a common root
system. And among them is a viable mother tree. The formation of root offspring
occurs throughout the horizontal roots at a depth of 30–40 cm. Numerous off-
spring arise at a distance of 15–20 m from the tree and grow in rows, sometimes up
to 500 pieces in one tree [5], forming apple groves, having a common root system,
and genetically being one vegetatively propagated specimen. It has been
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established that vegetative apple trees do not reduce growth processes and do not
show signs of aging trees.

Recently, the wild apple tree of Kazakhstan has been represented by depleted
populations in habitats, greatly destroyed by the established practice of nature
management. The area of these forests in 2000 was only 7% compared with 1930 [5].

Therefore, along with the problem of conservation, there is a global problem of
restoring wild apple in situ and creating ex situ collections. In situ, biodiversity
conservation is the conservation of ecosystems and natural habitats, as well as the
maintenance and restoration of viable species populations in their natural environ-
ment. The ex situ method of preservation and restoration includes methods such as
cryopreservation, field gene banks (uteri of root and seed material), propagation, and
preservation in vitro.

The general provisions of the theory of conservation of species through their
reintroduction have been repeatedly discussed in the literature [6]; however,
practical work with a specific species requires the development of a special
strategy due to the specific reasons that cause the “rarity” of the species. Most
researchers indicate that when reintroducing a species, it is necessary to follow a
number of rules to achieve genetic and ecological prosperity of populations
mainly in the former habitats of the species [7]. To do this, the mother material
must be represented by the most heterozygous plants from the populations
with the highest polymorphism indicators. An important step is the
identification of parent and daughter plants and their compliance with
reintroduction sites [8, 9].

Efficient conservation and use of plant genetic resources require a thorough
assessment of the genetic variation they possess.

Genetic variation can be measured at two levels:

• Phenotype—combinations of individual traits determined by the genotype and
its interaction with the environment.

• Genotype—specific genetic structure of the organism.

The reintroduction strategy for biodiversity recovery should involve recovery of
population-typical allele frequencies. Historically, all patterns of variability and
heredity have been studied by analyzing morphological characteristics, which until
now have remained the main criterion in plant taxonomy, in the study of the mutation
process, in studies of phylogenetic connections. However, morphological features do
not always provide complete informatively, since they are strongly influenced by
environmental conditions. In this regard, along with morphological features, physio-
logical and biochemical indicators are widely used, for example, polymorphism of
isoenzymes and spare proteins; however, isoenzymes and proteins are products of
gene expression, the degree of expression of which is influenced by various factors,
for example, plant age and tissue specificity [10]. If we consider that in higher
eukaryotes only about 1% of the genome are protein-coding sequences, then the main
part of the genome escapes the attention of researchers.

Currently, methods based on polymerase valuable reaction (PCR) using molecular
markers characterizing regions of variability in nuclear, chloroplast, and ribosomal
DNA are widely used worldwide in taxonomy and population genetics.

Various evolutionary events result in different variants in the DNA sequence that
describes the polymorphism. Polymorphism manifests itself in genotype differences
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and is visualized as different band profiles found when using molecular markers in
PCR and electrophoresis of PCR products.

The most simple and preferable in experiments where DNA of a large number of
representatives at several loci is studied are methods using DNA amplification by
single primers with an arbitrary sequence of SSR [11] and ISSR nucleotides [12].

ISSR uses known microsatellite sequences as primers and carries at one end a
sequence of two to four arbitrary nucleotides. Such primers allow amplification of
DNA fragments that are located between two sufficiently close microsatellite
sequences (usually unique DNA). The obtained PCR product patterns are species-
specific [13]. ISSR markers refer to markers of dominant inheritance type whose
polymorphism is tested by the presence/absence of a band. The method has good
reproducibility and, along with AFLP, is used to identify interspecies and intra-
specific genetic variation, identify species, populations, lines, and individual
genotyping [14].

2.2 Molecular genetic assessment of M. Sieversii in Kazakhstan1

With ISSR markers, polymorphism and genetic diversity of M. Sieversii in the
Ile Alatau and Dzungarian Alatau populations have been studied [15].

Plant material of M. Sieversii was selected from the populations of Ile Alatau and
Dzungar Alatau on expeditions in 2009–2011 organized by UN in Kazakhstan.
Samples of young leaves without signs of bacterial and fungal infections taken
closer to the point of growth of shoots were fixed in silica gel. Genomic DNA from
400 samples M. Sieversii (Ile Alatau and the Dzungarian Ile Alatau) was extracted
from dry leaves (20 mg of each sample) using whales of NucleoSpin Plant (-
Macherey-Negel, Germany) according to the protocol of the producer and was
stored at t -25°C.

M. Sieversii inter-simple sequence repeats (ISSRs) were amplified using primers
(Table 1) on a Mastercyeler ep gradient amplifier (Eppendorf). The primers used
were synthesized at the Russian company Synthol (Table 1). All polymerase chain
reactions (PCRs) took place in a total volume of 20 μl.

In the course of work on the selection of ISSR markers, polymorphic between the
studied genotypes for all markers, the same PCR conditions were used (primer
annealing was set individually), allowing to obtain the maximum amount of reaction
product.

№ primer Nucleotide sequence (50-30) № primer Nucleotide sequence (50-30)

М2 аса сас аса сас аса с(сt)g М8 gtg gtg gtg gtg gtg

М3 gag aga gag aga gag a(ct)c М9 gac acg aca cga cac gac ac

М4 aga gag aga gag aga g(ct)c М11 cac aca cac aca (ag)

М7 cag cag cag cag cag М12 cac aca cac aca (ag)(ct)

Table 1.
Primer nucleotide sequence.

1 Studies were carried out within the framework of the Project of the Government of the Republic of

Kazakhstan, GEF/UNDP “Conservation in situ of mountain agro-biodiversity in Kazakhstan.”
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PCR parameters used for analysis included: 3 minutes at 95°C—initial denatur-
ation, the following 35 cycles:

30 seconds denaturation at 94°C, annealing primers at the appropriate tempera-
ture—30 seconds,

40 seconds elongation at 72°C + addition of 2 seconds per cycle.
The reaction mixture (20 μl) contained 10–20 ng of DNA, 20 pmoles of primer

and a finished reaction mix (Biocom) containing Taq-inhibited DNA polymerase,
deoxynucleoside triphosphates, and magnesium chloride with final concentrations
of 1u, 200 μM, and 2.5 mM, respectively, as well as an optimized buffer system for
PCR.

Initially, the annealing temperature of primers was calculated using the formula:

Т ¼ 4°C х Cþ Gð Þ þ 2°C х Aþ Tð Þ � 3, (1)

where C, G, A, and T are the amount of cytosine, guanidine, adenine, and thymine
bases, respectively. Subsequently, the optimal annealing temperature of the primers
was empirically selected by decreasing or increasing it, depending on the quality of
the PCR product obtained. The primer annealing temperature was specifically for
primers M11 to 44.8°C, M12 to 49.5°C, M2 to 49.5°C, M9 to 50°C, M8 to 52.7°C, M3 to
52.7°C, M4 to 50.8°C, and M7 to 52.7°C.

For electrophoretic separation of PCR products, 1.7% agarose gel in 1x tris-
borate buffer (50 mM Tris, 50 nM boric acid, 1 mM EDTA, pH 8.0) with ethidium
bromide (0.5 μg/mL) was used when 100V for 45 minutes, followed by
photographing the obtained PCR products and photo-processing in adobe pro-
gram. Photographs of agarose gels were analyzed in Cross Checker 2.91 [13] with
the composition of binary arrays of the presence/absence of fragments of the same
length.

The level of heterozygosity of marker data is identified according to the average
similarity frequency of alternative alleles. At the same time, 50% of the main alleles
versus 50% of alternative alleles (0.5) correspond to a high level of heterozygosity,
while 0.9 by 0.1 (90% versus 10%) corresponds to a low level.

Figures 1–5 show electropherograms of amplification of DNA fragments of M.
Sieversii samples obtained with three primers M8, M3, and M2. ГД—Golden Delicious
cultivar, AP—Aport cultivar.

Figure 1.
Electropherogram of amplification products of apple tree DNA fragments obtained by M8 primer.
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Table 2 shows the genetic diversity of M. Sieversii from the Ile Alatau population,
and Table 3 shows the genetic diversity of M. Sieversii from the Dzungar Alatau
population, which was calculated as the percentage of alternative amplicon ISSR
profiles relative to the overall ISSR profiles of M. domestica amplicons.

Figure 2.
Electropherogram of amplification products of apple tree DNA fragments obtained by M3 primer.

Figure 3.
Electropherogram of apple tree DNA fragment amplification products obtained using primers M8 and M3.

Figure 4.
Electropherogram of apple tree DNA fragment amplification products obtained using primers M8 and M3.
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As can be seen from Tables 4–8, the Golden Delicious and Aport cultivars and wild
forms have the same ISSR profiles containing several amplicons, which characterizes
their relation to the genusMalus and various amplicons showing polymorphism of the
species. Overall, the polymorphism of M. Sieversii and in Ile Alatau and Dzungar

Figure 5.
Electropherogram of apple tree DNA fragment amplification products obtained using primers M2, M8 and M3.

Sample no. Common
amplicons with
cultural apple, %

Genetic
diversity, %

Sample no. Common
amplicons with
cultural apple, %

Genetic diversity,
%

1-1 40 60 23 40 60

1-2 50 50 29, 32, 33 50 50

1-3 50 50 37 67 33

1-4 33 67 41, 44 50 50

1-5 28,5 71,5 42 50 50

1-6, 1-15 50 50 43 43 57

1-7, 1-13 33 67 45 50 50

1-8, 1-9, 1-14 50 50 47 75 25

1-10 50 50 48, 49, 52 33 67

1-11 40 60 51 60 40

1-12 50 50 53 66 34

1 50 50 54, 55 50 50

4,7 67 33 56 40 60

12, 16, 27, 40 40 60 57 78 22

AP, GD, 13, 36 100 – 58 67 33

18,19 50 50 60 50 50

21 50 50

Table 2.
Genetic diversity of M. Sieversii (Ile Alatau).
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Alatau was 73%, with genetic diversity in the Ile Alatau population being higher at
82% and in Dzungar Alatau at 70%. At the same time, in Ile Alatau, 60% of samples
were grouped with M. domestica, and in Dzungar Alatau—25%.

Sample
no.

Common amplicons with
cultural apple, %

Genetic
diversity, %

Sample
no.

Common amplicons with
cultural apple, %

Genetic
diversity, %

1 93 7 18 50 50

2 78 22 19 30 70

3 45 55 20 50 50

4 30 70 21 50 50

5 74 26 22 60 40

6 70 30 23 50 50

7 85 15 24 33 67

8 80 20 25 60 40

9 56 44 26 90 10

10 43 57 27 36 64

11 47 53 28 43 57

12 43 57 29 46 54

13 50 50 30 45 55

14 45 55 31 42 58

15 43 57 32 44 56

16 26 74 33 46 54

17 80 20 34 42 58

Table 3.
Genetic diversity of M. Sieversii (Dzungar Alatau).

Sample no. Common
amplicons with
cultural apple,

%

Genetic
diversity,

%

Sample no. Common
amplicons with
cultural apple,

%

Genetic
diversity,

%

50, 56, 57, 58,
59, 61, 62, 63,
83, 89, 92: 97

100 79; 81; 82 40 60

52; 53 49 51 86; 87 35 65

79; 81; 82 30 70 98; 99; 100; 101; 103 50 50

64; 65 45 55 51; 55; 60; 68; 69; 70; 71;
73; 74; 76; 83; 84; 88; 90;

93; 94; 95; 102; 104

100

78; 80 43 57

Table 4.
Genetic diversity of M. Sieversii (Dzungar Alatau).
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Sample no. Common
amplicons

with cultural
apple, %

Genetic
diversity,

%

Sample no. Common
amplicons

with cultural
apple, %

Genetic
diversity,

%

ChR-17; ChR-21; ChR-22;
ChR-11; ChR-20

100 KR-1; KR-2 45 55

ChR-2; ChR-12 and ChR-23 48 52 KR-18; KR-4;
KR-22

40 60

ChR-16; ChR-24 49 51 SR-3-4 100

ChR-9; ChR-10 50 50 SR-3-6;
SR-3-11

49 51

ChR-25; ChR-3; ChR-8; ChR-18;
ChR-7; ChR-6; ChR-1; ChR-14;
ChR-15; ChR-5

100 SR-3-13;
SR-3-3

45 55

KR-19; KR-24;
KR-14; KR-23; KR-26

100 SR-2; SR-3-11;
SR-3-9; SR-3-7;

SR-3-8;
SR-3-10;
SR-3-5

100

KR-5; KR-3; KR-6; KR-21; KR-12;
KR-13; KR-10; KR-11; KR-25;
KR-27; KR-7; KR-15; KR-28; KR-8;
KR-20; KR-18

100

Table 5.
Genetic diversity of Malus Sieversii (Dzungar Alatau).

Sample no. Common
amplicons with
cultural apple, %

Genetic
diversity,

%

Sample no. Common
amplicons with
cultural apple, %

Genetic
diversity,

%

Ssh -2 №7 and
Ssh -2 №9

49 51 AP, PS-17; PS-7;
PS-12 and PS-18

100

Ssh -2 №4 кв9;
Ssh -1-2;
Ssh -1-3

100 105, 106 and 107
(Kuznetsova

Gorge)

45 55

DA KD –2 №17
and DA KD–2
№18;
DA KD–2 №16
and
DA KD–2 №19;
DA Ssh 1-5;
DA Ssh 1-2 and
DA Ssh 1-1;

40 60 PS-8; PS-9; PS-14;
PS-15; PS-11;

PS-10;
108 and 109
(Kuznetsova

Gorge);
DA KD–2 №14;
DA KD–2 №15;
DA Ssh 1-3 and
DA Ssh 1-4

100

Table 6.
Genetic diversity of M. Sieversii (Dzungar Alatau).
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Sample no. Common
amplicons

with cultural
apple, %

Genetic
diversity,

%

Sample no. Common
amplicons

with cultural
apple, %

Genetic
diversity,

%

KD 1-8; 1-13; 1-14; 1-15; 1-16 35 65 2-№19; 2-№20 35 65

KD 1-2;1-3; 1-4; 1-12; 1-16; 1-6;
1-11; 1-1;1-7;
1-9 and 1-10

100 2-№4; 2- №5;
2- №9

100

2-№11; 2-№12 40 60 AP, DA Ssh
1-6; Ssh 1-7;
Ssh 1-8;

Ssh 1-9; Ssh
1-10;

Ssh 1-15; Ssh
1-16;

Ssh 1-17

100

2-№1; 2-№6; 2-№7;
2-№8; 2-№10; 2-№13

33 67 Ssh 1-20; Ssh
1-21

50 50

2-№2; 2-№3 35 65 Ssh 1-12; Ssh
1-14; Ssh 1-18;

Ssh 1-19

100

2-№14; 2-№15; 2-№16 45 55

Table 7
Genetic diversity of M. Sieversii (Dzungar Alatau).

Sample no. Common
amplicons

with
cultural
apple, %

Genetic
diversity,

%

Sample no. Common
amplicons

with
cultural
apple, %

Genetic
diversity,

%

KZh-22; KZh-18;
KZh-38; KZh-40

100 KZh-43 and KZh-44 45 55

KZh-23; KZh-25 and
KZh-34

49 51 D-9; гз-14 and GZ-15 40 60

KZh-20 and KZh-21 45 65 USh-4 and USh -5 35 65

KZh-32; KZh-33 and
KZh-46

49 51 DA Ssh -2 №9 and
DA Ssh -2 №11

49 51

KZh-45; KZh-47;
KZh-48 and KZh-49

49 51 KZh-19; KZh-24; KZh-26;
KZh-27; KZh-28; KZh-29;
KZh-30; KZh-31; KZh-35;
KZh-36; KZh-37; KZh-39;
KZh-41; KZh-42; KZh-50;
D-7; D-8; D-10; D-11; D-12;

GZ-13; GZ-16; GZ-17;
KT-1; KT-2; KT-3; UB-6;

DA Ssh -2№2; DA Ssh -№5

100

51х, 52х and 54х 50 50 53х 100

Table 8.
Genetic diversity of M. Sieversii (Dzungar Alatau).
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3. Conclusion

Thus, through molecular genetic analysis of 400 wild apple samples from the Ile
Alatau and Dzungarian Alatau populations, ISSR markers have established the
presence of loci that can serve as markers for identifying species and populations and
identifying intraspecific genetic variation. To create living collections of ex situ and
reintroduction ofM. Sieversii. 22% ofM. Sieversii forms from Ile Alatau and 63% ofM.
Sieversii forms from Dzungar Alatau, which amounted to, in total, 170 samples of wild
apple. The theory of conservation of plant species of reintroduction provides for the
admissibility of introducing into a population only those genotypes that are
historically present in it. Otherwise, the genetic structure of the population is
disturbed, which can lead to irreversible consequences. Therefore, the restoration of
degraded plantations should be carried out with seedlings containing the genotypes of
these particular plantations, and at the same time free of cultivated fruit genes.
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Chapter 3

Long-Term Observation of  
In Vitro-Derived Malus Sylvestris 
(L.) Mill., the Path from the Bud to 
the Tree
Martina Komárková, Helena Cvrčková, Jaroslav Dostál, 
Václav Buriánek and Pavlína Máchová

Abstract

The European wild apple (Malus sylvestris L.), a wild contributor to the domesticated 
apple, belongs to the endangered species in the Czech Republic. Thus, an efficient pro-
tocol was developed for in vitro plantlet regeneration using the post-dormant buds. The 
highest shoot induction was obtained on MS medium supplemented with 0.5 mg.l−1 BAP, 
5 mg.l−1 GA and 0.1 mg.l−1 IBA. Shoot multiplication and elongation took place on the 
same medium with 0.2 mg.l−1 BAP and 0.1 mg.l−1 IBA. Indole-3-butyric acid at 0.5 mg.
l−1 was most effective for rooting. The micropropagated plantlets were successfully 
acclimatized in greenhouse conditions and were transplanted into soil in forest. Finally, 
qualitative and quantitative parameters of tissue culture-derived plants were evaluated. 
Monitoring of in vitro plantings on experimental trials suggests that micropropagated 
wild apple trees retain the growth characteristics of generative individuals.

Keywords: acclimatization, establishment of in vitro culture, long-term forest trial, 
Malus sylvestris L., rooting, shoot multiplication

1. Introduction

M. sylvestris L., the only native wild apple species in Europe, belongs to the family 
Rosaceae. It is mainly pollinated by bees and flies, and thanks to its small and hard 
fruits, the trees are often called crab apples. This species occurs across Western and 
Central Europe, from southern Scandinavia to the Iberian Peninsula and from the 
Volga to the British Isles [1]. With a high up to 10 m, it grows in low-density popula-
tions and the growth habit looks like shrubs, more than trees. Under good growth 
conditions (high light requirements), the crab apple can live up to 80–100 years [2]. 
Though many different varieties of apples were developed over time, it was shown that 
old varieties have higher nutritional quality when compared to commercial ones [3–5].

In the Czech Republic, the wild apple belongs to the endangered species [6] 
because of its shrinking habitat, fragmentation of populations [7–9] and likelihood 
of a genetic admixture with domesticated apple (Malus domestica Borkh.). Recent 



Apple Cultivation – Recent Advances

26

studies have underlined the significant contribution of wild apples to the cultivated 
apple genome, M. domestica Borkh., during the domestication history from the 
Central Asian progenitor Malus sieversii (Ldb.) M. Roem [10]. Because of hybridiza-
tion, it can be very difficult to reliably identify ‘true type’ wild apples from existing 
hybrids based on morphological characteristics, such as the fruit width or the hairi-
ness of leaves [2]. Easy hybridization of wild apple with the domesticated apple is 
due to the absence of prezygotic isolation mechanisms [11], which results in fitness 
reduction of the wild apple populations and can lead to their reduction or extinction. 
Moreover, due to human activities, such as forest clearing, industrialization, popula-
tion increase and intensive agriculture, natural and artificial forest stand regenera-
tion is almost impossible. To avoid loss of wild apple genetic resources, they must be 
conserved and the conservation strategy should be applied sustainably.

The solution to the problem of preservation and restoration of the gene pool of 
endangered wild apples could be the in vitro cultivation using the micropropagation 
method. Micropropagation is used to multiply a wide variety of plants by a number 
of tissues, cells or organ culture methods. It means the aseptic culture of small plant 
explant of tissue or organs, closed in vessel with defined culture media and under 
controlled conditions. It provides the large-scale production of disease-free seedlings 
within a short time and with limited space. In the Czech Republic, biotechnology 
approaches for in vitro conservation of different woody plant species are well estab-
lished and widely used (e.g., see [12–17]). During the past years, many studies have 
been carried out using in vitro cultures of apples (for review, see [18]). A key objec-
tive of apple in vitro cultures is to multiply disease-free clones, suitable for rooting, 
acclimatization and planting. However, as in many other plant species, the medium 
composition, plant growth regulators requirement or specific growth conditions are 
cultivar-dependent [19].

Additionally, micropropagation enables the protection of endangered species, 
thanks to providing the plant material in a larger amount for plant breeding programs 
at specific sites [20]. However, not many available papers and reviews dealing with 
studies on tissue cultures of forest trees include subsequent ex vitro evaluation of their 
quantitative and qualitative traits. The aim of our study was to find the optimal com-
position of explant culture media used for initiation of culture, as well as long-term 
multiplication and rooting of wild apples in vitro. In addition, the growth parameters 
of in vitro-derived wild apple trees were evaluated.

2. Material and methods

2.1 Plant material and in vitro culture establishment

M. sylvestris L. trees were carefully determined, not to be mistaken for domesti-
cated apples M. domestica Borkh.

Juvenile branches with dormant leaf buds of the crown of M. sylvestris trees from 
central Bohemia were collected and cut into 10−15 cm long twigs. Twigs were imme-
diately packed into the plastic bags and stored at 4°C before being cultured in vitro. To 
decrease microbial contamination, the twigs were cut into 5 cm long segments with 
buds, rinsed for 30 min in running water and surface disinfected with Tween®20 (2 
drops/10 ml) for 20 min, followed by soaking in KORSOLEX for 20 min, rinsed with 
sterile distilled water for 20 min, incubated in HgCl2 solution (1 mg.l−1) for 15 min 
and subsequently immersed in distilled water three times for 15 min.
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The surface disinfected bud explants (0.3−0.5 cm large) were placed in glass jars 
containing 100 ml of culture medium: MS medium [21] supplemented with 0.5 mg l−1 
BAP, 0.1 mg l−1 IBA, 10 mg l−1 glutamine, 2 mg l−1 glycine, 30 g l−1 sucrose and 6 g l−1 
agar. The pH value was adjusted to 5.8 before autoclaving at 121°C, 150 kPa for 20 min. 
The aseptic cultures were incubated in a growth chamber at 24 ± 1°C with a 16-h 
photoperiod (30 μE m−2 s−1).

2.2 Shoot multiplication

New shoots from explant cultures were separated into stems approximately 2.0 cm 
long and transferred into shoot induction media. The medium used was MS medium 
containing 0.2 mg l−1 BAP, 0.1 mg l−1 IBA, 200 mg l−1 glutamine, 2 mg l−1 glycine, 
200 mg l−1 casein, 30 g l−1 sucrose, 6 g l−1 agar and final pH adjusted to 5.8. Explants 
were cultured in the growth conditions as described above and repeatedly subcul-
tured at a constant 4-week subculture interval.

2.3 Root induction, ex vitro acclimatization and hardening

Healthy shoots (1.5−2 cm) were excised and cultured on ¼ MS medium supple-
mented with 0.5 mg l−1 IBA, 10 g l−1 sucrose, 6 g l−1 agar and final pH adjusted to 5.8. 
Explants were cultured in the growth conditions as described above.

After 2−3 weeks, the rooted shoots were carefully washed with distilled water to 
remove agar and the rooted shoots were hardened in a culture room in conical planter 
Quick Pot T 35 with perforated bottom, filled with perlite (Perlite Praha spol. s.r.o., 
Czech Republic) and placed into the transparent plastic box fully closed. Plants were 
regularly watered with 1/2 strength liquid MS medium devoid of sucrose and phyto-
hormones and diluted with distilled water in a ration 1:10. After 2−3 weeks, the plants 
were transferred into the planter Quick Pot T 60 containing soil (Zahradnický substrát 
a.s. Soběslav, Czech Republic): perlite (2:1) and kept in a bigger transparent plastic box. 
During 2 weeks, plantlets were adapted to lower moisture conditions by gradually tilt-
ing the upper part of the plastic box. Fully adapted plants were moved into greenhouse 
and subsequently transferred into the outdoor flower beds to obtain capable seedlings.

3. Results

3.1 Plant material

The wild apple trees are characterized by pressed buds, leaves and combs. Only in 
spring, the leaves can have inconspicuous hairs on the reverse side at the base of the 
thicker veins. The size of the leaves and fruits are also different, with clearly smaller 
size in the wild apple tree. M. sylvestris L. has leaves of up to 6.5 cm long, while the 
leaves of the domestic apple tree are 6−12 cm long. The fruits (pome) of the wild 
apple tree are 2−3.5 cm in diameter, while the apples of the domestic apple tree are at 
least 5 cm in size. The crown slices of flowers of the wild apple tree are also smaller 
and tend to be narrower [22].

Juvenile branches with axillary buds were collected during the early spring. In 
agreement with Ref. [23], buds collected during spring and summer seasons produced 
a significantly higher percentage of explant establishment and were less contaminated 
than buds collected during autumn or winter.
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3.2 Shoot propagation from the buds

As for surface sterilization of buds, different methods have been described. The 
disinfection procedures include washing in sodium hypochlorite (NaOCl) solution 
[24], mercuric chloride (HgCl2) solution [19], 75% alcohol followed by HgCl2 solution 
[25] or calcium hypochlorite [(Ca(OCl)2] solution [26]. In our experiment, we used 
an HgCl2 solution (1 mg.l−1), which is highly efficient for surface sterilization of buds 
from field-grown trees.

As in other plant species, the optimal basal medium is often cultivar-dependent in 
Malus species [27]. Additionally, Kabylbekova et al. [28] have used response surface 
methodology (RSM) and showed that each apple cultivar requires a different com-
position of mineral nutrition for its optimal growth. Similarly, the selection of the 
optimal plant growth regulators is also genotype-dependent, as has been shown in the 
study of different apple scions and rootstocks [29, 30]. Thus, different media types for 
bud induction and shoot development were tested. The MS medium with 0.5 mg l−1 
BAP, 0.1 mg l−1 IBA, 10 mg l−1 glutamine and 2 mg l−1 glycine was the most effective 
medium, based on monitoring following parameters: percentage of contamination, 
percentage of necrotic explants and percentage of explants with shoot initiation. In 
our experiment, plant growth regulators BAP and IBA were used for culture establish-
ment and also for shoot multiplication, consistently with the studies from Refs. [31] 
or [28]. However, application of meta-topolin [32] or TDZ [33] in the growth medium 
was also described in apples.

3.3 Shoot proliferation

Newly developed shoots from bud explants were transferred into shoot induc-
tion media (Figure 1). Based on determination of multiplication parameters, that 
is, multiplication index (the number of newly formed shoots per initial shoot tip) 
and length of lateral shoots, MS medium consisted of 0.2 mg l−1 BAP, 0.1 mg l−1 
IBA, 200 mg l−1 glutamine, 2 mg l−1 glycine and 200 mg l−1 casein was chosen. Same 
as in our experiment, Sota et al. [34] have used MS medium for shoot multiplica-
tion of wild apples. However, the BAP concentration was quite higher than in our 
experiment (1 mg.l−1 BAP), and instead of IBA, α-Naphthaleneacetic acid (NAA) 
was used. Additionally, the application of other growth nutrient media has also 
been reported [27, 35].

3.4 In vitro rooting, acclimatization and hardening

Well-multiplied shoots were subjected to MS medium lacking cytokinins but 
supplemented with auxins. All the treatments resulted in root production. The high-
est rooting percentage and roots per cultured shoot were obtained on ¼ MS supple-
mented with 0.5 mg l−1 IBA, 10 g l−1 sucrose and 6 g l−1 agar. Although some authors 
found that NAA [36] or IAA [37] is more effective for rooting, the application of IBA 
showed the best results in our experiment.

The rooted shoots obtained from the best treatment (Figure 2) were removed 
from the rooting medium and the plantlets were then transferred to planter with 
perlite and watered with liquid MS medium. After 2 weeks, plantlets were transferred 
into bigger planter containing a mixture of perlite and soil and gradually adapted to 
lower moisture conditions. Finally, fully adapted plants (Figure 3) were transferred 
into greenhouse.
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3.5 Qualitative and quantitative traits of wild apples at experimental trials

The study was conducted at the Oldřichov (425 m a.s.l., central Bohemian 
Highlands) in 2003 and at Polná II (550 m a.s.l., Czech-Moravian Highlands) in 2007 
in the Czech Republic. At both experimental sites, row planting with 2 × 2 m spacing 
was used and the plots were fenced off for the entire monitoring period. The subject 
of the evaluation of quantitative traits was survival rate, height and diameter at breast 
height (DBH). The DBH was measured using a millimetre calliper, and the height 
was determined using a measuring rod and a Vertex III ultrasonic altimeter (Haglöf 
Sweden AB, Langsele, Sweden). As for qualitative traits, trunk shape, forkness, 
branching angle, branch thickness and vitality were established. The qualitative traits 
were determined according to the manual in Table 1.

In Oldřichov, grafters of wild apples were planted together with in vitro-derived 
plantlets (Figure 4). For statistical evaluation, data from 2010 to 2018 were used 

Figure 1. 
In vitro shoot multiplication of M. sylvestris L.
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Figure 2. 
In vitro rooting of M. sylvestris L.

Figure 3. 
Fully adapted in vitro-derived M. sylvestris L. plantlets.
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(Table 2). The mortality of tissue culture plantlets was zero, while grafters’ mortality 
reached 24%, mostly due to withering of the trees. ANOVA did not show any signifi-
cant differences in height between in vitro-derived plantlets and grafters (α = 0.05). 
However, in 2018, grafters were significantly higher than tissue culture plantlets, 
according to ANOVA, which could be caused by the growth rate of rootstock. No dif-
ferences were observed between qualitative traits (Table 2). The trunk shape reached 

Trunk shape Forkness Branching angle Branch 
thickness

Vitality

1 Straight 1 Stem 
continuous 

to the crown

1 Horizontal 1 Thin (up 
to 10% 
DBH)

1 Highly vital

2 Slightly curved 
on one side

2 Fork in the 
upper third 
of the tree’s 

height

2 Ascending 2 Medium 
thick 

(10–25% 
DBH)

2 Vital

3 Strongly 
curved on one 

side

3 Fork in the 
second third 
of the tree’s 

height

3 Overhanging 3 Thick 
(over 25% 

DBH)

3 Less vital

4 Trunk at least 
2x Slightly 
ace-curved

4 Fork in the 
lower third 
of the tree

4 Declining 
tree

5 Significantly 
bent trunk

5 Repeated 
multiple 
forkness

Table 1. 
The list of qualitative traits and their descriptors.

Figure 4. 
M. sylvestris L. trees grown at Oldřichov research plot in 2010.
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the third degree (strongly curved on one side), same as forkness (forks in the second-
third of the tree’s height). The second degree was observed in the branching angle 
(ascending branches) and in the branch thickness (medium thickness with 10–25% 
DBH). The vitality reached the first degree (highly vital).

The growth characteristics of in vitro-derived wild apple plantlets recorded 
from years 2008 and 2017 grown at Polná II research plot are given in Table 3. The 
mortality was very low, only one individual in clone J5 died between the monitored 
years. ANOVA showed significant differences in height of wild apples in both years 
(α = 0.05), whereas no differences were observed in DBH. Among the qualita-
tive traits, only small variances were noted. The trunk shape is on the third degree 
(strongly curved on one side) with the exception of clone J2, where the trunk was 
at least 2x slightly ace-curved. Forkness reached mostly the third degree. Only for 
clones J1 and J26, the fourth degree of forkness (forks in the lower third of the tree) 
was noted, and for clones J8 and J9, an intermediate stage between the third and 
the fourth degree was noted. All the wild apple clones had ascending branches (the 
second degree of branch angle). For clone J12, medium branch thickness was recorded 
(10–25% DBH), whereas all other clones reached the third degree of branch thickness 
(strong thickness with over 25% DBH). All tested clones were highly vital (Figure 5).

The comparison of our results with domestic or foreign studies is very problem-
atic. There is a lack of evidence about the growth characteristics of wild apples, due 
to their low abundance in nature and difficult determination. Moreover, wild apples 
grown in our research plots are residual individuals selected in the Czech Republic, 
with different qualitative traits and growth potential.

4. Conclusions

The results of the presented study indicated that our methodology for the micro-
propagation of M. sylvestris L. from dormant bud could be efficiently used for in 

Figure 5. 
Malus sylvestris L. trees grown at Polná II research plot in 2011.
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vitro conservation of endangered wild apples. Moreover, according to long-term 
experimental trials, in vitro-derived plantlets show quality and balanced growth, 
comparable with grafters. The growth characteristics of wild apples and grafters on 
the research plots at Oldřichov and Polná II will be still evaluated in the future.

In this regard, implementation of in vitro conservation of endangered wild apple 
M. sylvestris L. in practice can speed up the process of protection and reproduction.
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Chapter 4

Deciphering the Plant Hormones
Cross-Talk during Fruit
Development: A Review
Siti Khadijah A. Karim

Abstract

Horticultural industries are increasingly crucial in providing livelihoods, food
quality, profits, and economic growth. In many horticultural plants, extensive studies
were conducted to study the roles of hormones, epigenetics, and genes in regulating
the development of cell number, cell size, fruit size, fruit weight, and endo-
reduplication primarily via a gene-mapping technique known as quantitative trait loci
(QTL). In general, these plants encompassed those with full-genomes sequenced, such
as the apple, tomato, strawberry, and bananas. However, apart from fully sequenced
apple genomes, the genome sequences of many other plants, particularly highly
profitable tropical fruits, such as mangoes, pineapples, durians, and coconuts are yet
available. This chapter will describe the interplay of plant hormones in determining
fruit cell number and cell size, which, in turn, affects the final fruit size in
horticultural plants.

Keywords: fruit development, plant hormones, cross-talk, fruit size, hormonal
control

1. Introduction

1.1 Origin of apple fruit cultivars

Apple (Malus x domestica Borkh.), also known as M. pumila [1, 2] belongs to the
Rosaceae family [2–5]. Under the Malus genus, between 55 to 79 species have been
identified. Each species can be further divided into different cultivars [6]. Based on
the heterozygous nature of the genes as well as self-incompatibility, more than 1000
apple cultivars have been developed through crossing [2, 4, 7].M. domestica is referred
to as Malus spp. that had undergone the domestication process, while M. sieversii is
referred to as the Central Asian ‘wild apple’, with the ‘wild apple’ term also referring
to all apple species other than the domesticated apple. For instance, the most common
‘wild apple’ in Europe is M. sylvestris Miller, while M. coronaria (L.) Miller is a
common species in North America [6].
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2. Fruit development

2.1 Stages of fruit development

Fruiting bodies of the Angiosperms range from a completely dry fruit, such as
Arabidopsis, a species of Brassicaceae, to a fleshy fruit such as the tomato (Solanum
lycopersicum). Angiosperm plants include small plants up to large trees, and are the
source of many major crops [8]. Dry fruits can either be indehiscent (split down one
side to release their seeds) or non-dehiscent. Fleshy fruits can be classified into two
categories: either true fruits (fruits derived from the carpel where the ovary wall
expands into flesh) or false fruits (fruits derived from carpel and accessory structures)
[8]. True fruits consist of a pericarp, which is obtained from the ovary wall, and seeds,
which are derived from the fertilised ovules [9, 10]. Arabidopsis produces true fruits
which develop from a gynoecium, consisting of two carpels that share a fused tissue
called a septum [11], while tomato produces fleshy true fruits. Apple is a fleshy
accessory fruit (false fruit). It is comprised of two distinct parts; an expanded ovary
that develops as the “core” of the fruit, and a cortex, the edible part of the fruit, which
develops from the fused base of the stamens, petals, and sepals called the hypanthium
[1]. In Arabidopsis, growth of the embryo, the ovules and gynoecium involve cell
differentiation and must be carefully coordinated during fruit development to gener-
ate the final product, being the fruit [11]. Most apple cultivars are not self-fruitful,
meaning that they cannot produce a consistent yield without being fertilised by pollen
from a different cv. [12]. After flowering and pollination, apple fruit development
takes place over 20–21 weeks involving stages of fruit setting, cell division, cell
expansion, maturation, and ripening which will lead to a crisp fruit with a waxy
cuticle [10]. Apple flowers are produced in clusters consisting of five to six flowers;
the primary flower, also known as “king flower”, will normally open first and is
capable of producing good quality fruit (Figure 1). However, the lateral flowers,
which open later, can also produce good quality fruits. Apple trees are considered to
reach full bloom after 50% of the king flowers on the tree are open [12].

Fruit development involves fruit set, cell division, cell expansion, and ripening. In
accessory fruits, like apples, fruit set is the initiation phase of fruit development,
encompassing development of the ovaries and its accessory organs into a rapidly
growing young fruit. This happens during and soon after fertilisation has been

Figure 1.
The positions of flowers in the cluster. King flower was positioned at the top of the cluster while at the lower
positions were the lateral flowers.

42

Apple Cultivation – Recent Advances



completed [13]. If fertilisation does not happen, the fruit will be abscised or be small,
resulting in very few or no seeds [12]. A successful fertilisation process is influenced
by several factors, including adequate pollination, nutrition, and optimum tempera-
ture [12]. Fruit produced without fertilisation could be an advantage for improvement
of many crops as seedless fruits are easy to consume. Therefore, tomato mutants that
exhibit parthenocarpic (seedless) fruit growth in the absence of fertilisation have been
extensively studied [14].

For fruit set to take place, pollination and fertilisation must be accomplished or the
flowers will be abscised [13, 15, 16]. Pollination is the crucial starting point in fruit
development as it is required for fertilisation. During fruit set, rapid cell division
occurs and then stops when the fruit reaches its mature size [16–18]. Levels of plant
hormones, such as auxins, CKs (CKs), and gibberellic acids (GAs), increase to pro-
mote fruit set [13, 16]. In tomato, after successful fertilisation, ovary development
into a fruit starts with cell division until roughly 10–14 days, and during the following
six to seven weeks, the fruit grows by cell expansion [14]. During cell division, which
starts during fruit setting and continues until three to four weeks after pollination, the
concentrations of auxin, CK and GA increase to stimulate and support the process
[14, 19, 20].

Cell division ceases to allow cell expansion to then take place. Auxin, gibberellin
(GA), brassinosteroid (BR) and abscisic acid (ABA) levels rise during cell expansion
[13], which continues until the end of ripening, reaches its peak at 40–60 days after
anthesis and becomes constant during ripening [1]. Fruit ripening is a developmental
process involving physiological and metabolic changes of colour, texture, aroma, and
nutritional status [21]. These changes are helpful in promoting seed dispersal by
making it attractive to birds and animals. With the onset of ripening, auxin stimulates
ethylene production until reaching its optimum concentration, but it can also delay
ripening [22, 23]. ABA and ethylene are produced during ripening to regulate
ripening [22].

2.2 Cell differentiation

At the cellular level, fruit cells undergo a differentiation process in order to change
into mature cells. The term differentiation is sometimes used in two different man-
ners: 1) it may be used to describe the development of different specialised types of
mature cells within an organ or tissue; 2) it can refer to the changes that occur during
the development of a meristematic cell into a mature cell, which usually involves cell
division and cell expansion [24]. For the purposes of this study, cell differentiation
was defined as changes of undifferentiated meristematic cells into differentiated cells
that divide, expand, and ripen. The early phase of apple fruit development involves
rapid cell division where the cell number is greatly amplified prior to exit from cell
division at approximately 24 days after full bloom (DAFB) [25]. Final fruit size is
determined by the extent of cell division and cell expansion during growth and
development. Therefore, understanding cell cycle regulation and cell expansion is
important to the study of fruit development in plants [26].

Once cell proliferation has ceased, cells generally undergo an expansion process
that results in water uptake into the central vacuole [24]. Plant cells are large,
pressurised, and have a large central vacuole that allows accumulation of water and
solutes, along with a strong cell wall [27]. The cell wall is made up of a mixture of
carbohydrates and a small amount of proteins, making it rigid yet extensible [28].
During cell division, cells are divided from one cell into two cells while cell expansion
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occurs because of the expanded vacuole, ensuing in volume growth beyond the size of
the mother cell before mitosis [29]. Water uptake and cell turgor are the main factors
behind the expansion process. Though the cell size increased, it was generally assumed
that little to no increase in cytoplasmic mass occur [30]. Rather, it is the vacuole that
grows considerably in volume and the cell wall become thinner as it is stretched and
new cell wall material is added to maintain wall thickness. To allow the cell wall to
grow, transcripts encoding wall-loosening enzymes, such as polygalacturonase (PG),
are up-regulated and newly deposited cell wall materials are hydrated resulting in
relaxation and extensive thinning of the wall [31]. Other classes of cell wall-modifying
enzymes/proteins are also involved in this process, such as pectin methylesterase
(PME), β-galactosidase (β-gal), endo-1,4-β-glucanase (EGAe), xyloglucan endotrans-
glucosylase/hydrolase (XTH), and expansins [32]. These enzymes also interact syner-
gistically by promoting ripening through disassembling the pectin of the cell wall that
results in fruit softening. The secondary wall is deposited after expansion has ceased,
becoming impermeable and providing strength to cells and tissues [33].

3. Hormonal control during early fruit development

After fruit set, fruit undergo cell division and subsequently cell expansion stage. It
is difficult to separate fruit set from subsequent stages of fruit development, though
auxin and GA are indeed key in the sustained growth of fruit. Plant hormones such as
CK and auxins are involved mostly in cell division and cell expansion during fruit
development [34]. These hormones have been well-documented in stimulating cell
cycle activity [13]. Auxin and GA co-regulate fruit set via auxin activation of GA
synthesis [35]. Therefore, auxin and GA have been widely used to increase fruit set by
inducing parthenocarpic growth in many crops [36]. For example, GA or auxin treat-
ments to tomatoes can lead to parthenocarpic fruit development [17, 37–41]. Silencing
of SlARF7, an auxin negative regulator, caused production of parthenocarpic fruits as
a result of the increasing of auxin and GA concentrations, indicating an interaction
between these hormones in regulating fruit set [35, 42]. Early studies showed that
auxin concentrations increase during seed development and then GA concentrations
increase in the ovaries during fruit set [13, 43, 44], and this is evidenced by the
application of GA inhibitors to tomato which resulted in a decreased fruit set. High
expression of GA-related genes in parthenocarpic fruit (pat) mutants (a recessive
mutation conferring parthenocarpy in tomato) also supports that GA controls or
influences tomato fruit set in parthenocarpic fruit [44].

In normal fruit development, successful pollination and fertilisation induces an
increase in both auxin and GA concentrations within the ovary [14, 45–47]. Japanese
pears produced larger fruits as a result of hand pollination, indicating that an
increased number of fertilised stigma leads to higher levels of GA being produced by
the pollen, therefore enhancing cell division and development of larger fruit [48]. This
suggests that GA is critical in pollination and fertilisation [43]. Treatment of tomato
ovaries with auxin causes the formation of fruits with a higher number of pericarp
cells from cell division stimulation by auxin compared to GA-induced fruits that
consist of fewer cell numbers but larger cells because of GA cell’s enlargement role
during fruit growth [13]. Normal-sized fruits undergo a balance cell division and cell
expansion processes as a result of stable concentrations of both auxin and GA [49]. In
addition, GA is also involved in the growth of certain fruits without the help of auxin
and the outcome are fruit sizes that are twice as large, as shown in a transgenic tomato
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(S. lycopersicum L.) with low levels of auxin response factor 7 (SlARF7) [17]. Com-
mercially, GA is used to enhance fruit size and fruit cluster in parthenocarpic fruits by
increasing carbohydrate import to the fruits, as parthenocarpic fruits are normally
smaller and in compact fruit clusters, such as grapes, citrus, and berries [50]. GA has
also been used to overcome fruit set problems of apple and pear trees particularly
during biennial bearing (a phenomenon where the high production of fruits one year
suppresses flower production of the coming year, hence lower yield production) to
promote flower production thereby increasing fruit set and yield [50].

Another important function of GA in fruit development is to stimulate organ
growth [51]. GA also features in germination, flowering, and fruit set in many plant
species [40, 52, 53]. GA concentrations during fruit development increase twice; once
during early fruit growth in order to trigger cell division and a second time during cell
expansion [18]. During early development, GA is produced by pollen to facilitate
pollen tube growth and germination [14]. As the pollen will transfer some GA into the
ovary to trigger fruit growth [14, 38], an elevated GA concentration in the ovaries
following pollination (which later cause auxin levels to increase [18]) suggests that
both are involved together in fruit set and growth of tomato [40]. Studies on GA
during cell division have been reported in hypocotyls of cucumber and tomato
[48, 54]. GA is also reported to induce and maintain cell expansion [18, 48, 55] when
auxin concentrations have decreased [18]. The function of GA in cell expansion is
supported by the findings of larger cells in GA3-induced fruit (parthenocarpic) com-
pared to seeded fruit even though the fruit size was smaller than the seeded [14].
Application of 2,4-D and GA3 together results in same size and shape of cells of
parthenocarpic fruit as seeded fruit [14]. GA maintains cell expansion when it is used
during the early stage of cell expansion in Japanese pears, resulting in larger fruits
compared with untreated fruits [48, 56–58]. Meanwhile, in tracheid element differ-
entiation, application of GA3 in conjunction with auxin results in substantial tracheid
expansion as GA causes the cell to expand while application of auxin only results in
short tracheid growth [59]. This shows that both auxin and GA play a coordinated role
in controlling cell division and cell expansion, probably based on a common response
pathway. Early hypotheses speculated that GA may cause an increase in auxin bio-
synthesis or transport [60].

Meanwhile, the function of auxin during fruit set is demonstrated by its presence
in pollen, its production in the stalk (style), and during fertilisation [14]. Its role in
tomato fruit set regulation has been described by De Jong et al. [42] through the loss-
of-function of IAA9 and ARF7, resulting in parthenocarpic fruit growth. This suggests
that auxin inhibits fruit growth until fertilisation takes place. IAA9 is a tomato Aux/
IAA transcriptional regulator that is linked to plant responses to auxin through the
expression of auxin responsive genes [61]. The reduction of IAA9 concentrations in
tomato plants elicits pleiotropic phenotypes, indicating that IAA9 acts as a transcrip-
tional repressor of auxin signalling [42, 61]. In addition, another negative regulator of
fruit set, ARF8, also had similar effects in Arabidopsis ARF8mutants [62], where ARF8
caused suppression in ovary growth through a repressive action of the Aux/IAA-ARF
complex on auxin responsive genes [63].

Besides fruit set, auxin is also known for promoting cell division and cell expansion
[24]. While CKs control cyclin activity during the transition phase between G1 to S
during the cell cycle (which will be discussed further later), auxin’s involvement in the
cell cycle occurs much earlier than that by acting as a permissive signal for cell
division to start [64]. However, this process is not yet fully understood [64–66]. Much
research has been carried out focusing on identifying auxins` role in regulating cell
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differentiation in plants. For example, an auxin gene, auxin response factor (ARF106),
is expressed during cell division and cell expansion with apple fruit development [19].
Since the gene was also co-localised with a fruit-size QTL, this suggests that auxin is
involved in fruit growth control through cell differentiation [67]. Another example
would be the auxin receptor, auxin binding protein (ABP1), which modulates ion
fluxes in response to the hormone, and is proposed to mediate auxin-dependent cell
expansion and is essential for cell division [19, 64]. Evidence has been made available
in the form of applying antisense suppression of the ABP1 gene in tobacco BY-2 cell
cultures, resulting in slow proliferation, discarding auxin-induced cell expansion and
reducing cell division [68]. Moreover, a mutation in the ABP1 gene in Arabidopsis
causes a lethal effect to cells [64]. Loss of function of ABP1 in Arabidopsis also resulted
in lethal embryo as the result of cell expansion arrest, indicating auxin role, through
the function of ABP1, in cell expansion stage during embryogenic development [68].

Along with auxin and GA, CK and ABA are also believed to be involved in fruit set.
However, the cross-talk between them during fruit development is only partly under-
stood. ABA is also involved in long-term developmental plant growth processes. While
auxins, CKs, and BR are involved in early development, ABA is mainly present in the
later stage of development where cell maturation transpires. During pollination of
tomato fruit, where auxin and GA are present, ABA concentrations decrease while
those of CK increase [69]. ABA concentrations continue to decrease shortly after
pollination [69], and validated by a decrease in the mRNA levels of ABA biosynthesis
genes after pollination [49] and the diminution of ABA concentrations in tomato pistils
after pollination [70]. However, higher concentrations of ABA were observed in polli-
nated fruits compared to that in parthenocarpic fruits [71]. Despite being suppressed
during and shortly after pollination in tomato fruit, ABA levels rose afterwards to
support fruit set where they were detected about 5 days after pollination, enhanced in
seed and pericarp until 30–50 days after pollination, with concentrations also increas-
ing during cell expansion [20]. In rice (Oryza sativa) grains, low concentrations of ABA
are seen in actively dividing endosperm cells [72], indicating its antagonistic effect in
cell division. This is supported by higher ABA concentrations in less-dividing of small
fruit Japanese pear ‘Shinkou’ compared to large Japanese pear cultivar ‘Atago’ during
early fruit development [48]. In tomato, ABA shows a broad peak during cell expan-
sion and cell maturation, showing ABA is involved in the cell expansion phase and
reaches peak levels during the cell maturation phase [18]. ABA association in cell
expansion has been determined by the reduction of fruit size in ABA-deficient mutants
[73]. However, ABA’s exact role in fruit development is not yet known.

Auxin role in regulating cell division by stimulating cell cycle progression has been
discussed earlier. As for CKs, reducing CKs concentrations by overexpression of an
inactivating enzyme [74, 75] and insensitivity to the hormone cause dwarfism because
of reduced cell numbers in Arabidopsis [76]. CK role in cell expansion was reported in
Arabidopsis leaf expansion which resulted from cell expansion [77]. A point to note,
CK function in cell division and cell expansion might require auxin. For example, in
Zinnia elegans cell cultures, combination of auxin and CK was required to induce cell
division and cell differentiation [33, 78]. Even though CKs are generally considered
vital in the stimulation of cell division during fruit development [71], very little
experimental data supports their involvement in the initial cell division phase of fruit
growth [20]. However, it is known that cyclin D activity in plants is influenced by
hormones and carbohydrate levels [79]. In tobacco, it has been shown that
overexpression of the cell cycle stimulator CyclinD2 accelerated plant growth [80].
Riou-Khamlichi et al. [81] concluded that cell division can be induced and maintained
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in the absence of exogenous CK in transgenic plants over-expressing CycD3 (CDK4 to
CDK6). Specifically, with overexpression of CycD3, calli may be cultured without the
presence of CK [24]. This is further underscored by the transcription of CycD3 in
Arabidopsis suspension culture after it is added with CK and sucrose while expression
of cyclin D2 and D4 were induced in the presence of sucrose only [79].
Overexpressing CycD3 also reduces endoreduplication [82, 83] while loss of CycD3
function induces endoreduplication in Arabidopsis [26, 84].

BRs play an important role in early fruit development by promoting cell division,
cell expansion in the stem, inhibiting root growth, promote xylem differentiation,
ripening, and abscission [85–88] such as in tomato [89, 90], grape berry [91], and
cucumber [36, 92]. In tomato fruit, treatment with BR restores the dry mass content,
sugar, and amino acid levels in dwarf tomato mutants, showing that BR is required for
tomato fruit development [89, 92]. In cucumber, the application of exogenous BR to a
cultivar without parthenocarpic capacity induces parthenocarpic growth and
increases cell division via cell cycle-related gene expression [36]. In contrast, applica-
tion of a BR biosynthesis inhibitor (brassinazole (Brz)) to a cucumber cultivar with
parthenocarpic growth blocks fruit set, whereas this inhibitory effect was subse-
quently reversed by applying exogenous BR [36].

4. Fruit ripening, ethylene biosynthesis, and other related hormones

In general, there are two types of fruits based on the rate of respiration. Non-
climacteric fruits do not increase ethylene production when they ripen [93]. Climac-
teric fruits require synthesis, perception, and signal transduction of the plant hormone
ethylene in order to fully ripen [94]. In climacteric fruits, when ethylene is detected,
they undergo autocatalytic ethylene biosynthesis and increased cell respiration,
denoted by increased CO2 production, which leads to fruit ripening [93]. Non-
climacteric fruit, such as strawberries, grapes and citrus, require ethylene for certain
ripening processes, such as skin de-greening, and do not undergo the autocatalytic
response observed in climacteric fruit [94].

The inability of transgenic tomato plants to ripen where ethylene biosynthesis has
been disrupted shows that the autocatalytic burst of ethylene biosynthesis is essential
for climacteric fruit ripening [95]. Nevertheless, the distinction between climacteric
and non-climacteric is not clearly delimited; closely related species of melon can be
either climacteric, such as the cantaloupes, or non-climacteric like the ‘honey dew’

melon [94]. Climacteric fruit spans an evolutionarily wide range of angiosperm taxa,
from eudicotyledons, such as tomato and apple, to monocotyledons like the banana
[96]. Climacteric fruits are advantageous from an economic perspective as they are
able to continue ripening even when removed from the plant [97]. This allows the
fruit to be harvested and transported before they are fully ripe, resulting in reduced
loss through fruit spoilage in transit [97]. Many non-climacteric fruit lack this ability
and must ripen on the plant [97].

In the ethylene biosynthetic pathway, L-methionine is the main precursor which is
then transformed into ethylene by the enzymes 1-aminocyclopropane-1-carboxylate
(ACC) synthase (ACS) and ACC oxidase (ACO). ACS and ACO are encoded by
multigene families in various plant species [98]. In addition, ethylene production can
be brought about by using propylene with climacteric fruit (but not in non-climacteric
type fruit). In apple fruit, the level of ACS and ACO transcripts increase at the onset
of ripening after treatment with ethylene [99]. However, these genes are not
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expressed in non-climacteric fruits as these fruits produce ethylene in very low con-
centrations [100]. Nevertheless, ethylene production is induced in non-climacteric
fruits by various external stimuli, such as physical wounding, auxin treatments, chill-
ing injury, drought, water logging, and pathogen infections [101]. These observations
show that non-climacteric fruits have the capability to produce ethylene but are not
able to produce ripening-associated ethylene [101–103].

A number of investigations have been carried out on the ripening process at both
the biochemical and genetic levels in many fruits, with tomato being the classical
model of choice for fleshy fruit ripening [94, 96]. As tomato ripens, it undergoes a
colour change from green to red through the transformation of chloroplasts to chro-
moplasts [104]. Then, the fruit softens and its texture changes as the fruit cell wall is
modified and partially disassembled by enzymes [104]. Alteration of specific volatiles
concentrations and the sugar-acid balance will lead to the development of flavours
associated with a ripened tomato [104]. Similar changes occur during ethylene-
induced ripening in apples and a number of other fruits [104]. When fruits ripen,
cellular turgor pressure is decreased, the cell wall is dissembled, and cell adhesion is
reduced, resulting in fruit softening; a process which is facilitated by many classes of
cell wall-modifying enzymes such as PG, PME, β-gal, XTH, and expansin [32, 99].

ABA concentrations are very low in unripe fruit but increase when the fruit ripens
[105]. This happens in both climacteric fruits, such as mango [93], pear, avocado, and
apple [106], and non-climacteric fruits like citrus [107], cherry [108], and grapes [109].
In climacteric fruits like apples, ABA concentrations increase from maturation to har-
vest, while in non-climacteric sweet cherries, ABA concentrations increase before mat-
uration and decrease until harvest [105, 110]. ABA appears to have a similar function to
ethylene in regulating the changes of fruit during ripening by supporting the colour
changes, cell wall metabolism, fruit softening, and sugar and acid metabolism [105].

In climacteric tomato fruit, BR has been reported to promote the ripening process
through increasing ethylene production and lowering chlorophyll levels [90, 92, 93].
However, in mango, low concentrations of castasterone and brassinolide are present
throughout the ripening period indicating that BR is unlikely to modulate ripening
[93]. Chai et al. [92] demonstrated that BRs are involved in strawberry fruit ripening
through downregulating the BR receptor gene (FaBRI1) transcript, producing plants
that lack the red colouring traditionally associated with ‘Akihime’ strawberry fruit. As
a result of these inconsistent findings, definitive evidence for action of this hormone
in fruit ripening is still inadequate.

5. Conclusions

The molecular mechanisms controlling fruit growth and fruit size in apples have
yet to be fully understood [26]. The recent publication of the genome sequence of
apple provides a powerful tool to reveal the underlying mechanisms during fruit
development [5].
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Abstract

Apple replant disease (ARD) is a major problem in all the apple-growing areas of 
the world. It is a complex problem. The exact cause of the problem is unknown, but 
soil biotic factors play a major role. The repeated cultivation of same crop on same 
land and exhaustion of nutrients of soil, persistence of soil-borne pathogens and 
changes in the pH of soil. Symptoms include stunting of tree growth with short inter-
nodes, small and light green rosette leaves, development of few lateral or feeder roots, 
underdeveloped root systems, decayed and discolored roots, poor establishment and 
severe disease results in the death of young trees and, sometimes, whole orchards. The 
endophytes provide direct benefits to host plants as they live in close proximity. Once 
they enter inside the host tissue they get easily established as they feel no competi-
tion with other microorganisms. Endophytes have the capacity to produce different 
secondary metabolites, which saves the host plants from biotic and abiotic stresses the 
host plants become resistant to both biotic and abiotic stresses. An interesting facet of 
the interaction between endophytes and their hosts is the capacity of many microor-
ganisms to improve the plant’s resistance by providing several bioactive metabolites. 
Therefore, the exploitation of soil microbial endophytes for the management of ARD 
is an important strategy.

Keywords: apple, replant disease, phytopathogens, endophytes, apple replant disease 
etiology

1. Introduction

The apple replant disease (ARD) is widespread throughout the world, and 
severity of this disease varies from region to region, fields, type of soil and pres-
ence of pathogenic microbial species in the rhizosphere. This problem may occur 
due to repeated cultivation of same crops on the same land and exhaustion of 
nutrients of soil, persistence of soil-borne pathogens and changes in the pH of soil. 
Replant disease is a debilitating soil problem affecting most orchards when they are 
replanted. This problem affects plants worldwide both in the nurseries, as well as in 
the orchards, in terms of plant growth, yield and quality of fruits [1, 2]. Different 
authors give different definitions of ARD. The main cause of apple replant disease 
is the imbalance in the soil microbial community [3], but the fungal pathogens vary 
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from region to region. According to Utkhede [4], replant problem is caused by both 
biotic and abiotic factors, which suppress the growth of plants, whereas the replant 
disease is only caused by the biotic community present in the rhizospheric soil. 
Savory [5] defines ARD as soil sickness whose causes are unknown and uncertain. 
This problem is seen in other commercial crops, such as peach, pear, cherry, straw-
berry and rose.

Apple replant disease (ARD) affects the plant nurseries, as well as apple produc-
tion worldwide by strongly reducing plant growth as well as fruit yield and quality 
[2, 3]. On ARD soils, over the lifetime of an apple orchard, a 50% reduced profit-
ability has been estimated due to later and less fruit-bearing of the affected trees 
[6, 7]. ARD becomes problematic nowadays as the tree nurseries and fruit orchards 
are concentrated in certain regions of Pinneberg in Germany or Pistoia in Italy. Also, 
due to high-density plantations in apple crops, farmers are using dwarf rootstocks 
to achieve more yield in a short life span, which results in frequent replantation of 
apple orchards [8, 9]. Replant problem is very much severe and its control is very 
difficult. Crop rotation is the only method to reduce the effect of replantation, but it 
is also difficult due to alternative usage for industry, energy plants or other purposes. 
Different authors gave different definitions of the term ‘replant disease’ or related 
phrases, such as ‘replant problem’, ‘soil sickness’ or ‘soil fatigue’ [4, 10, 11]. These 
biotic and abiotic factors of replant problem suppress plant growth [4]. The unknown 
and uncertain cause of reduced growth is known as ‘soil sickness’ [5], which excludes 
nematode damage [12]. ARD is specifically related to species Malus domestica, and 
its persistence for decades is noticed [5]. The impact of ARD is reversible when plants 
are transplanted into virgin or healthy soil. This disease has been reported in other 
crops, such as rose, cherry, peach, strawberry and rowan, whereas roses are prone to 
it. Here we want to summarize the causes of ARD and their mitigation strategies. The 
apple trees may grow poorly when planted in non-sterilized soil. The problem occurs 
when same crop is planted in the same land year after a year, which disturbed the root 
microflora of the plants due to disturbed physiological and morphological reactions 
of apple plants to soil [13].

There are two forms of replant diseases: specific and non-specific. Specific 
replant disease only affects apple crops when the site is again replanted with the 
same crop, whereas non-specific replant disease occurs when stone fruits are 
planted on the site where previously planted with apple crops. The root cause 
of non-specific replant disease is nematode activity and fungal pathogens on 
the replanted sites. It was confirmed by using a nematicide pot test that 40% of 
Tasmanian apple orchards have both specific and non-specific replant disease 
(HAL project AP97005). It is a complex problem caused by number of pathogenic 
organisms, such as actinomycetes (filamentous bacteria), nematodes and bacte-
ria, and fungi, such as Rhizoctonia, Pythium and Phytophthora. This has led to the 
conclusion that there is no specific treatment to control this disease with less impact 
on beneficial soil organisms. Soil sterilants, such as methyl bromide and chloro-
picrin, are used to kill the pathogenic microflora. Nowadays, there are eco-friendly 
approaches, such as organic matter, fertilizers, microorganisms, irrigation, cultiva-
tion and rootstocks, which have been used, but none of these are 100% effective to 
control the replant disease [14–16].

Apple replant disease is characterized by a severely reduced rate of root and shoot 
growth of second planting of same species or closely related species on same site, 
whereas non-specific causes of apple replant disease (ARD) mean incorrect use of 
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fertilizers, poor soil structure, poor drainage, pH imbalances and presence of toxic 
compounds, such as herbicides, heavy metals and biological products. The main cause 
of ARD in New York apple replant orchards were nematodes (Pratylenchus penetrans), 
parasitic fungi, bacteria and other soil-borne microorganisms. The possible abiotic 
factors reported in the replant sites were poor nutrient availability, change in the pH 
of the soil, deteriorated soil structure and loss of organic matter, herbicide residues 
and other site-specific problems [17]. In Washington state soils, the Pratylenchus 
penetrans number was below the damage threshold level in eight of the nine orchards 
surveyed and bacteria were not identified in the disease. The main fungal pathogens 
associated with the disease were Phytophthora cactorum, Pythium spp., Cylindrocarpan 
destructans and Rhizoctonia solani [6].

Himachal Pradesh is known as ‘apple state’ of India as its cultivation has revolu-
tionized the socio-economic status of the farmers and had played a pivotal role in the 
economy of growers. Apple orchards planted in late sixties have shown symptoms of 
declining productivity as these plants have completed their life span. Due to less land 
resources and choice of apple crop, old apple orchards are replanted with the same 
crop, which leads to drastic economic losses due to uprooting of old trees and poor 
establishment of new plantations on the replant site. The continuous cultivation of 
the same crop on the same field is the primary factor leading to replant problem. Due 
to this, a general decline in the growth and productivity of replanted apple orchards 
is commonly observed. The replant disease is one of the most important diseases in 
newly established orchards in old orchard sites of Himachal Pradesh [18]. This disease 
is very common in other stone fruit crops, such as cherry, strawberry, peach and pear, 
in Himachal Pradesh.

1.1 Symptoms

The disease symptoms of ARD are visible within 1 year of plantation. Disease 
symptoms affect the whole orchards, which include poor and uneven growth of trees 
and yield in future [10, 19]. It is very difficult to predict whether replant problem is 
present on a specific site or not. It is also difficult to assume that rootstock or nursery 
plants are the root cause for poor tree performance of apple trees. Replant disease 
affects most fruit crops including both pome and stone fruits.

Symptoms include stunting of tree growth with short internodes, small and light 
green rosette leaves, development of few lateral or feeder roots, underdeveloped root 
systems, decayed and discolored roots, poor establishment and severe disease results 
in the death of young trees and, sometimes, whole orchards. When a tree is uprooted, 
discolored roots, root tip necrosis and reduced root biomass can be seen. The cell 
wall degrading enzymes and cell-killing effector proteins, produced by pathogenic 
micro and macroflora, destroy the root tissues of host plants [20–24]. It impairs root 
function hampering plant responses to abiotic stresses, such as drought, flooding and 
nutrient deficiency.

1.2 Disease etiology

The apple replant disease is caused by number of pathogenic microflora and 
microfauna. The etiology of the disease varies from region to region and site to site. 
It depends on the dead tissues of the plant’s remains in the soil, which insist the soil 
to attract the pathogenic microflora towards them. The ARD in Washington State 
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is caused by different pathogenic fungi, such as Rhizoctonia, Ilyonectria; oomycetes: 
Phytophthora, Pythium and in some sites lesion nematode Pratylenchus penetrans [6]. 
The contaminated soil, irrigation water or planting stocks are different sources of 
inoculums to spread the ARD. The pathogenic fungi produce overwintering struc-
tures, such as sclerotia (Rhizoctonia), chlamydospores (Ilyonectria) and oospores 
(Phytophthora and Pythium), survive in dead or dormant roots. Lesion nematodes 
survive in the soil and plant residues as eggs and as multiple generations of juveniles 
and adults [25]. During the spring season, when new apple plants are planted on the 
same site, the active dormant roots secrete root exudates, which help the pathogen 
propagules to germinate and parasite nematode eggs to hatch. The propagules germi-
nate to produce the fungal and oomycete mycelia and then infect the new fine roots. 
While fungi such as Rhizoctonia cause extensive root rot, Pythium spp. cause damping 
off in the root tissue resulting in diminished capacity of the plant to take up water 
and nutrients. The different causal agents of ARD, such as Phytophthora cactorum, 
Pythium ultimum, Fusarium oxysporum and Dematophora necatrix, were isolated from 
the temperate zones of Himachal Pradesh [18]. The primary cause of the disease is the 
over-exploitation of the old apple orchards specialized in fruit production. The causes 
of replant problem are not exactly clear but it is a complex problem and occurs mainly 
due to disturbances in the healthy microflora of soil, variation in soil pH, organic 
matter, root exudates of old tree roots, water retention in the rhizosphere area and 
plant genotypes [13].

Fungi of the genera Cylindrocarpon, Rhizoctonia, Phytophthora and Pythium are 
found frequently in ARD-affected soils and have proved to be crucial in the etiology 
of ARD [3, 18, 26]. Different Fusarium spp., such as F. oxysporum, F. solani, F. equiseti 
and F. proliferatum, were isolated from 10 different apple nurseries in Tunisia, which 
causes considerable losses to apple plants. Root endophytic Cylindrocarpon-like fungi 
Thelonectria sp. and Ilyonectria spp. were also associated with ARD [23], after Pythium 
spp., to be correlated to the growth reduction in the rootstock M9 growing in ARD-
affected soil. Different species of Nectriaceae were also found in ARD-affected cortex 
cells applying laser microdissection [27]. Several fungal endophytes from ARD-
affected apple roots were isolated and re-inoculated in a soil-free biotest [28].

Several Streptomyces amplicon sequence variants (ASVs) were detected in green-
house ARD biotest, which were negatively correlated to shoot length and fresh mass, 
from both field sites. The Streptomyces ASVs in roots of apple plants in control soil 
increased their relative abundance over time. The 150 bacterial strains isolated by 
a culture-dependent approach revealed a high diversity of members of the genus 
Pseudomonas, confirming the data of the molecular barcoding approach. Therefore, 
it is important to combine these two approaches to better understand this complex 
disease and develop control measures. Finally, Streptomyces play a key role in the etiol-
ogy of ARD in the study sites [29].

2. Mechanism of plant prophylaxis by endophytic microorganisms

The plant-associated microorganisms are important in reference to safety and 
quality of fruits. There are two types of soil microorganisms, rhizospheric and 
endophytic soil microorganisms. Both types of microorganisms have the same 
functions. The main difference between these two is, once the endophytic microor-
ganisms enter the host tissue, they are protected from the changing environmental 
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vagaries [30]. They provide direct benefits to host plants as they live in close prox-
imity. Plant growth-promoting endophytic bacteria affect the plant growth through 
two mechanisms, such as direct and indirect ways [31]. The direct mechanisms 
include production of growth hormones (auxins, cytokinins and gibberellins), 
phosphate solubilization, siderophore production, competition and lytic enzymes 
secretions, whereas the indirect mechanisms of growth promotion include induc-
tion of plant resistance, predation and hyperparasite and production of antifungal 
metabolites, cell wall degrading enzymes, decreasing the amount of iron available 
to phytopathogens and synthesis of pathogen-inhibiting volatile compounds [32].

3. Exploitation of microbial endophytes as ARD management strategy

The word endophyte means ‘in the plants’. These are isolated from internal 
tissues of plants by following the proper sterilization procedures. Microbial asso-
ciations with host plants may be epiphytic, parasitic, mycorrhizal, endophytic, 
saprophytic etc. Only the epiphytic and endophytic microorganisms make their 
way to internal tissues of host plants. Endophytes include symbiotic associations 
of bacteria, fungi and yeast with the host plant [33]. Both partners are equally 
benefitted from each other. Many endophytes are members of common soil 
bacterial genera, such as Bacillus, Pseudomonas, Burkholderia and Bacillus [34]. 
Both the bacterial and fungal endophytes are present in the plant tissues without 
causing any ill effects. As the endophytes live inside the host tissue, they are 
beneficial to the host plants because they improve host plant tolerance to abiotic 
stresses, enhance growth, improve plant immune response and suppress pathogen 
 colonization [35].

In comparison to rhizospheric microorganisms, endophytic microorganisms 
are more beneficial because they live in close proximity to host plants and exert 
direct benefit to host plants. Also, they live in non-competitive environments [36]. 
Endophytes improve plant growth by secreting phytohormones and consequently 
help in nutrition improvement using bidirectional nutrient transfer and enhancement 
of the health of plants by protecting them against phytopathogens [37, 38].

Endophytic bacteria are diverse in nature, most commonly represented by the gen-
era Pseudomonas, Bacillus, Burkholderia, Stenotrophomonas, Micrococcus, Pantoea and 
Microbacterium [31]. The beneficial functions of well-known bacterial endophytic 
genera Chitinophaga and Flavobacterium in plant interactions in less known [39]. 
The most widely used genus, Bacillus has beneficial functions in its interactions with 
agriculturally-important plants. The endophytic bacteria indirectly promote plant 
growth by secreting antifungal metabolites or stimulating plant defense responses. 
The plant defense response, such as induced systemic responses (ISR), acts through 
specific plant response pathways, such as jasmonic acid (JA) pathway [40], but 
recently endophytic bacteria use the signalling pathways to stimulate these defense 
responses.

Endophytic fungi internally colonize plant tissues without causing any harm to 
the host plant [41]. The large group of endophytic fungi are commensals, some are 
mutualists [42, 43]. The most commonly exploited endophytic fungi belong to genera 
Aspergillus, Bipolaris, Chaetomium, Cladosporium, Diaporthe, Fusarium, Alternaria, 
Mucor, Nigrospora, Paecilomyces, Penicillium, Piriformospora, Porostereum, Phoma, 
Trichoderma, Ulocladium and Yarrowia [44, 45].
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Therefore, the exploitation of these resident soil microbial communities for 
the management of ARD is a better strategy as plant-beneficial microflora helps in 
the establishment of new plants planted in old orchards sites and simultaneously 
increases the innate immunity of host plants by secreting bioactive metabolites. As we 
know that the bacteria on roots and in the rhizosphere is benefitted from plant root 
exudates. But it is not clear which population is more advantageous for the plants in 
terms of establishment of plants, growth, survival and yield. Endophytic populations 
like rhizospheric populations are conditioned by both the biotic and abiotic factors, 
but endophytes could be better protected from both the stress factors.

Exploitation of endophyte–plant associations result in the promotion of plant 
health and can play a significant role in low-input sustainable agriculture practices for 
all crops. By using molecular approaches, the whole genome sequences of key endo-
phytic bacteria are available and the genes used in colonization and establishment of 
endophytic bacteria in plants can be identified.

Trichoderma asperellum strain 6S-2, an effective fungal endophyte isolated from 
roots of healthy apple trees growing in nine replanted orchards in Shandong Province, 
China, showed different lytic activities, such as protease, amylase, cellulase and lac-
case, which are important for the parasitic and antagonistic functions of pathogenic 
fungi. The inhibition rate of this fungal strain 6S-2 against phytopathogen Fusarium 
proliferatum f. sp. M. domestica MR5 was 52.41%. Strain 6S-2 also secreted different 
plant growth promoters, such as iron carriers, auxin and ammonia, and was able to 
solubilize phosphorus. The fermentation extract and volatile substances produced by 
endophyte Trichoderma asperellum inhibited the growth of Fusarium proliferatum f. 
sp. M. domestica MR5, by twisting, shrinking, swelling and rupturing the pathogen 
hyphae associated with apple replant disease [46].

Endophytic bacteria are able to lessen or prevent the deleterious effects of certain 
pathogenic organisms to host plants. The beneficial effects of bacterial endophytes 
on their host plant appear to occur through similar mechanisms as described for 
rhizosphere-associated bacteria. Bacterial endophytes may have an advantage over 
bacteria inhabiting the rhizosphere since living within a plant’s tissues represents an 
opportunity to always be in contact with the plant’s cells and therefore to more readily 
exert a direct beneficial effect. Of course, bacteria residing in the rhizosphere might 
also have the potential to enter and colonize the plant roots.

The maximum mycelial inhibition of 81.48% was obtained with the fungal 
endophyte Aspergillus aculeatus strain C2 under in vitro conditions. Microscopic 
studies on interaction between fungal endophytes with hyphal tips of apple root rot 
pathogen Dematophora necatrix revealed various morphological abnormalities in the 
hyphae like curling and bending of mycelium. Under glasshouse conditions, seed 
treatment pursued by soil application with fungal endophyte Crinipellis tabtim strain 
M8 isolate was highly effective and exhibited 93.55% disease control. Similarly, under 
field conditions, the overall maximum disease control was exhibited by Crinipellis 
tabtim strain M8 (84.95%). The most promising root endophytes were identified on 
morphological and ITS sequence analysis. Root colonization assay revealed maximum 
endosphere and rhizosphere colonization with Crinipellis tabtim strain M8. Also, con-
focal microscopic illustrations of transverse sections of root cells tenanted by fungal 
endophytes Crinipellis tabtim strain M8 as compared to untreated control suggested 
the persistence and establishment of endophytes in the endosphere of apple seedlings, 
shown in Figure 1 [47].
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3.1 Helps in the establishment and proper growth of new apple plantation

Endophytes have the capacity to secrete different secondary metabolites, such as 
phenolic acids, alkaloids, quinones, steroids, saponins, tannins and terpenoids, which 
help the host plants to resist both biotic and abiotic stresses. The important secretions 
by these endophytes helped them in anticancer, antimalarial, antituberculosis, anti-
viral, antidiabetic, anti-inflammatory, anti-arthritis and immunosuppressive roles. 
The interaction between endophytes and their hosts is the capacity of many microor-
ganisms to improve the plant’s resistance by providing several bioactive metabolites 
[48]. The secretion of volatile compounds by plant-associated bacteria in association 
with host plants is a promising sustainable strategy to prevent the soil-borne and 
foliar fungal pathogens [49–51]. Plant-associated mutualistic microorganisms such as 
endophytic microorganisms, commonly known as endophytes, which colonize plants’ 
internal tissues, frequently contribute to host metabolic function and protect plants 
against pests and diseases by producing biocontrol traits, such as bioactive secondary 
metabolites. The bacterial endophytes generally colonize the internal tissue of plants 
and are found nearly in every plant. The mechanism followed for plant growth pro-
motion by some of the bacterial endophytes is same as that followed by rhizosphere 
bacteria. Inoculation of part of a plant with an endophyte may benefit plants via the 
production or suppression of phytohormones; for example, genes encoding proteins 
for biosynthesis of indole acetic acid (IAA), cytokinins (CKs) and gibberellins (GAs) 
are often present in the metagenome of plant endophytic bacterial communities. The 
application of spore suspension of Trichoderma asperellum strain 6S-2 to replanted 
apple orchard soils reduced plant oxidative damage and promoted plant growth in a 
pot experiment and the strain 6S-2 demonstrated plant growth-promoting activities 
such as protease, amylase, cellulase and laccase activities, which are important for 
the parasitic and antagonistic functions of pathogenic fungi. The inhibition rate of 
6S-2 against Fusarium proliferatum f. sp. M. domestica MR5 was 52.41% and thus helps 
in the establishment of the young planatations to the replanted sites [13]. Compared 
to rhizosphere soil strains, endophytic microorganisms can effectively colonize host 
plants and better adapted to environmental changes, making them more effective 
in disease suppression and growth promotion [52]. The culture-independent and 
culture-dependent approach used in 3, 7 and 12 months planted apple plants in 

Figure 1. 
Microscopic elucidation of colonized fungal root endophytes. (a) Crinipellis tabtim strain M8. (b) Control by 
confocal laser scanning microscopy (CLSM by Pal et al. [47]).
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ARD-affected and ARD un-affected soil at two sites reported that a high diversity of 
Pseudomonas in all soils and by using molecular bar-coding approaches an increase in 
relative abundance of Actinobacteria in plants grown in ARD and control plots [29].

3.2 Helps in disease suppression

Microbial endophytes live in association with the host plants without causing any 
side effects but their presence is beneficial to the host plant, as they protect the plants 
from biotic and abiotic stresses simultaneously enhance the growth and modulate 
plant immune response and suppress the pathogen colonization [35]. Endophytes 
reduce the negative impact of pathogens on their host by secreting siderophores, 
antibiotics, cell wall degrading enzymes, volatile organic compounds (VOCs), 
alkaloids, steroids, quinines, terpenoids, phenols and flavonoids, which are inhibitory 
to the phytopathogens [53, 54], or by interrupting the cross-talk signal of pathogens 
[55]. Secretion of lytic enzymes (β-1,3-glucanase, chitinase, cellulase and protease) 
by endophytes helps in degrading the cell wall of pathogenic fungi. Chitin, a major 
cell wall component of fungi, is degraded by enzyme chitinase. Chitinase produced 
by endophytic Streptomyces hygroscopicus, inhibit the growth of pathogenic 
fungi Ralstonia solani, Fusarium oxysporum, Alternaria alternata, Aspergillus niger, 
Aspergillus flavus, Sclerotinia sclerotiorum, Hyaloperonospora parasitica and Botrytis 
cinerea [56]. Endophytes help in plant growth either by producing secondary metabo-
lite or nutrient assimilation or by preventing induction of plant disease symptoms by 
different pathogens. Endophytes produce a large number of bioactive compounds, 
which provide resistance to host plants and simultaneously protect the plants from 
biotic and abiotic stresses [57].

3.3 Increase the innate immunity of host plants

The bacterial endophytes enter the host system by following the same mechanisms 
as used by the bacterial pathogens, but the host plant allows the entry of specific 
genera to colonize the inner host tissues. Due to this, close interaction brings impor-
tant changes in the plant physiology. The bacterial symbiont living in association with 
host exerts direct and indirect defenses to control plant biotic stresses. These defenses 
may be due to the secretion of volatiles and antibiotic compounds by endophytes, 
therefore, boosting the innate immunity of host plants against various diseases [58]. 
The plants allow the microbial colonization through phenotypic genes and producing 
metabolic signals. Host plants by evolving their genotypes provide sugar and lipids to 
the endophytes. Therefore, a plant’s genotype can influence the microbiome composi-
tion and shape microbiome to enhance defense and mitigate the trade-off between 
growth and defense against pathogens by secreting chemoattractants [59].

4. Conclusions

Endophytes help in plant growth either by producing secondary metabolite or 
nutrient assimilation or by preventing induction of plant disease symptoms by differ-
ent pathogens. The application of these endophytes may increase the availability of 
nutrients and control the replant disease organisms and considerably will regenerate, 
maintain and sustain the soil fertility and hence the establishment of apple rootstocks 
and yield in future. Therefore there is an urgent need for isolation, identification and 
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characterization of indigenous plant growth promoting endophytes associated with 
apple plants as plant growth promoter in the fields as bioformulations. This will help 
to solve the replant problem of apple orchards and improve the economy of state.
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Abstract

The naturally occurring phenolic compounds have received major attention in 
recent years as huge amounts of phenolic compounds can be extracted from fruits, 
vegetables and beverages that have substantial health benefits. From a physiological 
and metabolic aspect, phenolic compounds are vital in defence responses, such as 
anti-ageing, anti-inflammatory, anti-oxidant and anti-proliferative, anti-bacterial, 
anti-hyperlipidemic, anti-cancer, anti-diabetic, neuroprotective, cardioprotective 
activities. Among the fruits having a higher content of phenolic compounds, the 
apple (Malus Domestica) is the most widely consumed fruit in the world. Apples have 
a high nutritional value as it is a rich source of ascorbic acid, polyphenols and pectin. 
Apple peel forms a small percentage (6–8%) of the total fruit weight and contains the 
highest content of phenolic compounds, particularly chlorogenic acid. There are five 
major groups of polyphenolic compounds found in apples namely flavanols (Catechin, 
Epicatechin and Pyrocyanidins), phenolic compounds, phenolic acids (mainly 
Chlorogenic acids), dihydrochalcones (Phloretin glycosides), flavonols (Quercetin 
glycosides) and anthocyanins (Cyanidin). This chapter reviews the chemical proper-
ties, mode of action, types, extraction of phenolics in apples and the contribution and 
role of major phenolics in apples to the total antioxidant capacity.

Keywords: phenolic compound, flavanols, flavonols, dihydrochalcones, antioxidant 
capacity, anti-hyperlipidemic, contribution

1. Introduction

Metabolic functions are one of the important characteristics of living organisms. 
From a simple prokaryotic cell to a highly specialised eukaryotic organism, proper 
functioning of metabolism is essential for the survival of the organism. These meta-
bolic processes are important for the survival, growth and dispersal of plants as well. 
In simple terms, metabolism refers to all the chemical processes in the body that 
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convert food into energy. This energy is made available to all other cellular processes 
essential to sustaining life. Metabolism is further of two types-primary metabolism 
and secondary metabolism. Primary metabolism is responsible for the proper func-
tioning of all major physiological processes of plants and animals while secondary 
metabolism includes all other metabolic pathways that are not essential for survival 
but plays various other important roles. Both types of metabolic processes result 
in the formation of certain chemical compounds known as metabolites. Primary 
metabolites are formed as a result of primary metabolic processes while secondary 
metabolism results in the formation of secondary metabolites.

Secondary plant metabolites are specialised chemical compounds produced by 
plants and do not possess any role in primary metabolic processes but are essential 
for the survival of plants in their environment. Earlier it was believed that secondary 
metabolites are formed as a by-product of primary metabolic reactions that are of no 
significance to plant growth. However, researchers have revealed various important 
functions of secondary plant metabolites. Though they are not directly involved in 
essential physiological processes, affect and regulate these processes by acting as 
intermediates in these processes. Secondary metabolic compounds in plants can be 
broadly grouped into 4 groups (Figure 1). Terpenes, Phenolics, nitrogen-containing 
compounds and sulphur-containing compounds. Each secondary metabolite has 
a specific role to perform (Figure 2). They act as structural components of plants 
in the form of lignins. They also act as a defence against pathogens and herbivores. 
Secondary metabolites provide better tolerance to stress conditions and protect against 
UV rays. Certain secondary metabolite act as an attracting agents for pollination and 
seed dispersal. They also inhibit the growth of microbes and check the competition by 
inhibiting the growth of nearby plants. Various research has established the fact that 
secondary metabolites act as bioactive compounds in fruits and vegetables.

Phenolics are one of the most significant phytochemicals which are naturally pro-
duced as a secondary metabolite in plants. Plant phenolics are bioactive compounds 
that have been reported to exhibit various biochemical properties such as anti-
oxidant, structural polymer (lignin), attractants (flavonoids and carotenoids), UV 

Figure 1. 
Types of metabolites.
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screens(flavonoids), signal compounds (salicylic acid and flavonoids) and defence 
response chemicals (tannins and phytoalexins) [1].

Chemically, phenolics are compounds that have an aromatic ring or a benzene ring 
with one or more hydroxide groups. They may be in the form of simple phenols or poly-
phenols based on the number of phenol or hydroxide groups present on them and also 
possess variation in the number of attached carbon atoms (Table 1). They may also possess 
functional derivatives such as esters, methyl esters, glycosides etc. attached to them.

In plants, they are found in conjugated form and may be joined to carboxylic 
acids, organic acids, amines, lipids and other phenolic compounds. Phenolics play 
important roles in plants as they protect plants from harmful ultraviolet radiation, 
pathogen and parasite infection as well as from predators. A phenolic compound such 
as Anthocyanin provides red, orange, blue or purple colour to fruits.

1.1 Mechanism of action of phenolic compounds

Phenolic compounds are bioactive in nature and act as anti-oxidant by reacting 
with a variety of free radicals. The mechanism of anti-oxidant actions involves either 
hydrogen atom transfer or transfer of a single electron or sequential proton loss 
electron transfer or by chelation of transition metals [2].

Figure 2. 
Functions of secondary metabolites.

No. of C atoms Basic structure Class

6 C6 Simple Phenols; Benzoquinones

7 C6-C1 Phenolic acids

8 C6-C2 Acetophenone; Phenylacetic acid

9 C6-C3 Hdroxycinnamic acid; Coumarin; Isocoumarin

10 C6-C4 Napthoquinone

15 C6-C3-C6 Flavonoids; Isoflavonoids

30 (C6-C3-C6)2 Biflavonoids

n (C6-C3)n (C6)n (C6-C3-C6)n Lignins; Catecholmelamine;

Table 1. 
Types of phenolics based on number of carbon atoms.
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1.2 Antioxidant

One of the most important properties of phenolics is their antioxidant property 
which has become a matter of interest for the scientific community in recent years. 
Antioxidants are substances that inhibit the process of oxidation and thus prevent 
or delay the damage to the cells caused due to free radicals [3] or unstable molecules 
that are produced in the body as a response to biological, metabolic, environmental 
or other factors. Free radicals are waste substances produced by cells as the body 
processes food and reacts to the environment. Antioxidants are supposed to be” 
free radical scavengers” as they help in neutralising free radicals in our bodies and 
in this way benefit our health. Several factors influence the activity or effectiveness 
of antioxidants. These factors include the chemical structure of the antioxidant, its 
concentration, temperature and its location in the system.

Fruits and vegetables are rich sources of antioxidants that enhance the nutritional 
quality of fruits and vegetables. The antioxidant property of phenols present in 
fruits and vegetables is beneficial to human health as researchers have suggested that 
antioxidants can lower the risk of various chronic diseases such as cancer, heart stroke 
and age-related macular degeneration [4].

2. Apple

Apple (Malus Domestica) is the fruit of a domesticated tree belonging to the genus 
Malus and the family Rosaceae. Apples are one of the most widely cultivated tree 
fruits. Apples originated in central Asia and have been grown for thousands of years 
in Asia and Europe and were brought to North America by Europeans. From sweet 
red varieties like Red Delicious, Fuji or Gala to tangy green ones like Granny Smith, 
over 7500 different cultivars of apples are available worldwide that makes apples also 
the most widely consumed fruit globally [5].

According to data from Food and Agriculture Organisation Corporate Statistical 
Database, total apple production in 2017 was 83,139,326 metric tonnes and in 2020, 
it was 87,236,221 metric tonnes. China tops the list of the highest apple-producing 
countries in the world followed by the United States and Turkey [6]. Based on a 
comparison of 161 countries in 2019, Hungary ranked first in apple consumption per 
capita with 33.3 kg followed by the Netherlands and Albania [7].

Apart from higher production, several other factors make apples the most widely 
consumed fruit. These factors include easy market availability, cost affordability, long 
shelf life, variety of processed apple products such as Jams, pies, canned apples, apple 
juice, smoothies etc.

There is nothing new to talk about the health benefits of eating apples as the whole 
world is familiar with a very popular saying “An apple a day keeps the doctor away.” 
Apples are incredibly nutritious fruits [8] (Table 2). Apples are low in sodium, fat 
and cholesterol. They are a very good source of Vitamin C, fibre and antioxidants.

2.1 Antioxidant capacity of apples

The antioxidant activity of apples is mainly attributed to the phenolic compounds 
present in apples. There is a correlation between the phenolic content of apples and 
antioxidant activity. The apple varieties with higher phenolics tend to have higher 
antioxidant activity. Various phenolic compounds are present in different parts of 
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apples such as peels, pulp, core, and seeds in different concentrations (Figure 3). 
Generally, apple peel is rich in the concentration of phenolic compounds as compared 
to flesh or pulp part. Apples had the highest portion of free phenolics when compared 
to other fruits which makes them easily absorbable into the bloodstream.

In the United States, 22 per cent of the phenolics consumed from fruits are from 
apples making them the largest source of phenolics [9]. When compared to many fruits 
in the United States, apples had the second highest level of antioxidant capacity [10].

Amount per 100 grams

Calories 52 cal.

Total Carbohydrate 14 g

Total Fat 0.2 g

Protein 0.3 g

Cholesterol 0 mg

Calcium 0%

Magnesium 1%

Sodium 1 mg

Potassium 107 mg

Dietary Fibre 2.4 g

Sugar 10 g

Vitamin C 7%

Vitamin B6 0%

Vitamin D 0%

Sources: United States Department of Agriculture (per cent daily values are based on a 2000 calorie diet) [6].

Table 2. 
Nutrition value of apple.

Figure 3. 
Enriched phenolic compounds in apples.
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According to available literature and research, antioxidant activities and total 
phenolic content of 62 fruits (Figure 4) were evaluated using ferric reducing anti-
oxidant power (FRAP) and Trolox equivalent antioxidant capacity (TEAC) assay 
and the Folin-Ciocalteu methods. The experiment revealed statistical data related to 
different varieties of apples which showed that apples belonging to the cultivars of 
Green-delicious, Red-delicious and Rose-red had intermediate values of 68.29, 73.96 
and 70.57 mg GAE/100 g of wet weight respectively [11].

2.2 Flesh vs. peel

Certain individual phenolic compounds may also be found in higher concentra-
tions in flesh as compared to peel. “Chlorogenic acid” is a type of phenolic compound 
found in apples that were found in peel in higher concentration as compared to flesh 
in apple varieties of Elstar, Fuji, McIntosh Pinova, Red Delicious, but Idared, Golden 
Delicious, Granny Smith, Reineta possessed higher concentration of chlorogenic acid 
in flesh than peel [12]. Another type of phenolic compound known as Anthocyanin 
which is responsible for the bright red skin colouration of apples is highly concen-
trated in the peel. The peel of Granny Smith, Golden Delicious, and McIntosh is richer 
in p-coumaroylquinic acid content while in Gala, the flesh has a higher content of the 
same phenolic compound [12].

2.3 Phenolic content in apple seeds

Apple seeds are also a good source of polyphenols particularly phloridzin. Apart from 
phloridzin, other phenolic compounds are also found in apple seeds such as dihydrochal-
cones, hydroxycinnamic acid, hyperin, chlorogenic acid, quercetin, caffeic acid, protocat-
echuic acid, and flavan-3-ols which are found in monomeric and oligomeric forms as well 
as polymeric forms. Monomeric forms include Catechin and Epicatechin while oligomeric 
forms such as proanthocyanin are present. Flavonols are also found in apple seeds.

HPLC analysis has proved phloridzin as the chief phenolic compound found in seeds 
as phloridzin content was found to be 240.45–864.42 mg/100gDW which was measured 

Figure 4. 
Chart depicting the antioxidant activity of different fruits.
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by the Folin-Ciocalieu assay of apple seeds of seven cultivars. The seven apple cultivars 
included varieties of Gale Gala, Starking, Honeycrisp, Fuji, Qinguan, Golden Delicious, 
and Qinyang. Among the seven cultivars, Honeycrisp showed the highest phenolic 
content while Qinyang showed the lowest value of phenolic compounds [13].

3. Factors affecting phenolic content of apples

The difference in the content of individual phenolic compounds in apples of 
different varieties can be attributed to different biosynthesis pathways of phenolic 
compounds. Other factors affecting the phenolic concentration in apples include 
cultivar, maturity of the fruit, conditions of cultivation, growing season, harvest, 
storage, and environmental factors. Comparative study of antioxidant activity and 
phenolic content of apples is difficult to evaluate due to different extraction methods, 
different cultivars of apples, geographical region, soil type, and light hours. It is also 
supposed that organically grown apples have higher phenolic content as compared 
to the apples grown by integrated farming. The genetic constitution of the different 
cultivars of apples majorly affects the phenolic content in apples. One important fac-
tor that affects the phenolic content of apples is the ripening or maturation condition 
of apples. Researchers have found that the amount of dihydrochalcones in very young 
apples is very high but after 14 weeks the number of dihydrochalcones, flavonols, 
and chlorogenic acid decreased in both the peel as well as the flesh. Various studies 
regarding the apple varieties and factors affecting the phenolic content have revealed 
a general trend in the phenolic content and its concentration in different parts of 
apples. The antioxidant properties of different parts of apples follow the order: 
peel>core>flesh. This has also been revealed that the apple peel contains two to six 
times more phenolic compounds as compared to the flesh of the apple [12].

4. Biosynthesis pathway of phenolics in apples

Biosynthesis of phenolic compounds may occur via various pathways (Figure 5.) 
i.e., the Shikimate pathway, Phenylpropanoid pathway, and Flavonoid pathways. The 

Figure 5. 
Biosynthesis pathway of phenolics in apple.
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first step in the synthesis of phenolic compounds is the involvement of glucose in the 
Pentose Phosphate Pathway (PPP) and the transformation of glucose-6-phosphate 
into ribulose-5-phosphate. The first step in conversion to ribulose-5-phosphate is 
catalysed by the enzyme glucose-6-dehydrogenase. The conversion to ribulose-
5-phosphate produces an equivalent amount of nicotinamide adenine dinucleotide 
phosphate (NADPH) which acts as a reducing agent for cellular anabolic reactions.

PPP also produces erythrose-4-phosphate along with phosphoenolpyruvate from 
glycolysis. This phosphoenolpyruvate is used in the Phenylpropanoid pathway to 
produce phenolic compounds after going through the Shikimic pathway in which 
phenylalanine is produced.

5. Extraction of phenolic compounds from apples

The extraction of phenolic compounds from apples is a very crucial step in the study 
and characterisation of chemical and nutraceutical properties of phenolic compounds 
as only after proper extraction the phenolic compound could be studied and used as a 
dietary supplement, cosmetic product or pharmaceutical. Earlier Conventional meth-
ods such as maceration, decoction, and soxhlet were used for the extraction of phenolic 
compounds from apples. These days, non-conventional methods have overtaken 
conventional methods and are being extensively used for the extraction of phenolics. 
The non-conventional methods include UAE or ultrasound-assisted extraction, MAE or 
microwave-assisted extraction, SFE or supercritical fluid extraction, PLE or pressurised 
liquid extraction, and ASE or accelerated solvent extraction. The non-conventional 
techniques are better than conventional methods concerning yield, time, cost, solvent 
saving and other factors. Generally, before extraction, the samples have to go through 
various procedures such as milling, grinding, homogenisation etc. other procedures 
include air drying or freeze drying. Freeze drying is prefered over air drying because it 
retains the phenolic content of the sample to the maximum extent. The most commonly 
used method is extracting phenolic compounds using a suitable solvent. The gener-
ally used solvents for extraction procedures are methanol, ethanol, acetone, and ethyl 
acetate. The yield of the phenolic compound using the chemical method varies with the 
type of solvent used. Usually, phenolic compounds having low molecular weight give 
better yield in methanol while the polyphenols having higher molecular weight such as 
flavanols give better yield with acetone.

5.1 Introduction to different non-conventional methods of extraction

Ultrasound-assisted extraction or UAE is a non-conventional extraction technique 
where the extraction procedure is assisted by ultrasound waves. The efficiency of this 
technique greatly depends on cell disruption and effective mass transfer.

In Microwave assisted extraction or MAE, solvents in contact with the samples are 
heated using microwave energy. This feature of fastly heating the sample solvent is 
the main advantage of using this technique. MAE technique takes about 15 to 30 min-
utes but uses a very small amount of sample volume as compared to conventional 
methods of techniques.

In the Supercritical fluid extraction or SFE technique, the extractant that is the 
phenolic compound is separated from the matrix using supercritical fluids as extracting 
solvents. The main advantages of using this technique are its selectivity and high speed 
as the extraction process is based on the diffusion of the solvent into the matrix. The 
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matrix used for extraction is generally solid but also may be in liquid form. One disad-
vantage of the SFE technique is the requirement of high pressure for extraction which 
makes this technique costlier as compared to other conventional methods of extraction.

Accelerated Solvent extraction and Pressurised liquid extraction or PLE techniques 
are quite similar to the supercritical fluid extraction technique in the respect that it 
also uses a solid or semi-solid matrix for extraction and also require a high degree of 
temperature and pressure.

5.2 Antioxidant activity measurement assay

Nowadays sophisticated methods are available for the antioxidant activity mea-
surement assay. Chemical methods with sensitive and automated detection features 
are being used for the assay of antioxidant activity. The experiment for assay of the 
antioxidant activity was performed on two cultivars of apple namely the Idared and 
the Sampion. The antioxidant activity was estimated using ABTS and DPPH assays. 
The polyphenol profile was determined by the HPLC method. Seeds of the sample 
apple cultivars showed higher antioxidant capacity and also a higher content of 
phenolic compounds found as compared to their peel and flesh. The two phenolic 
compounds found in abundance in seed and peel respectively were Phloridzin and 
Quercetin glycoside. The result of the assay may be seen in Table 3 [14].

5.3 Antioxidant activity assay techniques

Radical scavenging method (ROS) requires no lipids and uses a chemical system 
containing an oxidant, an oxidizable probe and antioxidants under assay. The mecha-
nism followed may be either hydrogen atom transfer or electron transfer.

Oxygen radical absorbance capacity (ORAC) assay works by monitoring inhibi-
tion of peroxyl radical-induced oxidation.ORAC can detect both lipophilic as well as 
hydrophilic antioxidants.

Chemiluminiescence method of antioxidant assay requires a chemiluminescence 
species, an oxidant generally used is hydrogen peroxide and the extract to be detected. 
It is a very sensitive and low-cost tool used for the antioxidant assay.

DPPH radical scavenging is a commonly used antioxidant assay tool frequently 
used for the antioxidant assay of apples. Chemically, DPPH is 2,2-Diphenyl-1-
picrylhydrazyl and a stable chromogen and deep purple in colour. DPPH method of 
assay is based on an electron transfer mechanism also hydrogen atom transfer being 
an intermediate reaction pathway.

Trolox equivalent antioxidant capacity (TEAC) assay measures the total antioxidant 
capacity by the ability of antioxidants to scavenge ABTS which is a stable radical. 
Chemically ABTS is (2,2′-azinobis(3-ethylbenzothiazoline-6-sulphonic acid)). TEAC 

Cultivar Part Phenolic compound Percentage of compound

Idared Seed Phloridzin 84

Sampion Seed Phloridzin 72

Idared Peel Quercetin glycoside 54

Sampion Peel Quercetin glycoside 38

Table 3. 
Phenolic content: part vs. variety.



Apple Cultivation – Recent Advances

80

also employs electron transfer and hydrogen atom transfer mechanisms. When com-
bined with HPLC, it provides an efficient rapid and accurate method for the detection 
of individual compounds.

Ferric reducing antioxidant power (FRAP) is an electron transfer-based method 
which uses ferric trivalent cation as an oxidant. It is a very simple and low-cost 
method of antioxidant assay.

Total phenolic content (TPC) is an important tool for measuring total antioxidant 
activity, particularly in the case of apples. The Folin-Ciocalteu assay is generally 
used for the estimation of Total phenolic content. The assay uses the Folin-Ciocalteu 
reagent which is reduced by phenolic compounds under alkaline conditions. It is a 
very simple and reliable method for the assay of total antioxidant capacity but has a 
few drawbacks also. Folin-Ciocalteu assay is sensitive to ph, and temperature changes, 
therefore proper care must be taken for the accurate assay of antioxidant capacity 
while using this technique.

5.4 Estimation protocol of phenolic compounds

The commonly used methods for the estimation of different phenolic compounds 
are HPLC combined with Folin-Ciocalteu assay and chromatography analysis. 
Samples extracted from different varieties of fruits are collected with a mixture of 
acetone/water to achieve a good yield of polyphenol content. The polyphenols are 
analysed by normal phase HPLC and LC-MS. The total phenolic content of the sample 
is measured using the Folin-Ciocalteu assay. The different phenolic compounds pres-
ent in the sample are detected by chromatographic analysis.

6. Phytochemical profile of apples and their bioavailability

The apple is a very nutritious food and has a very rich phytochemical profile, 
particularly that of phenolic compounds. Various types of phenolic compounds 
are found in all parts of the apple including the seeds and core. The phytochemical 
profile of different varieties of apples differs in terms of the content of phenolic 
compound and its amount also varies in different parts of apples. Phenolics are the 
most significant phytochemical found in apples. The phenolic content of apples 
includes many flavonoid compounds, phenolic acids, majorly chlorogenic acid and 
also hydroxycinnamic acid in small quantities, quercetin glycosides, phloretin glyco-
sides and anthocyanins. The phenolic content of apples may vary from 0.1 g/Kg fresh 
weight to 10 g/Kg in certain Cider apples [15]. The apple cultivar Honeycrisp shows 
the highest phenolic content while the Qinyang variety showed the least content of 
phenolic compounds. The apple cultivar Granny Smith showed higher content of 
p-coumaroylquinic acid in the peel while the same phenolic content was higher in the 
flesh of the Gala cultivar.

Any chemical compound that is a part of our diet and beneficial to our body 
benefits only when it is absorbed to the highest extent in our systemic circulation. 
The term “Bioavailability” refers to the rate and extent of absorption of a particular 
chemical compound by the body of the organism consuming that compound. The 
higher the bioavailability of a compound, the greater its effectiveness. Apples have a 
very rich content of beneficial chemical compounds and possess high bioavailability 
of various phenolic compounds.
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6.1 Factors affecting the bioavailability of phenolic compounds in apples

The bioavailability of different phenolic compounds found in apples is not the 
same. Many factors affect the bioavailability of different phenolics in apples. These 
factors may be Environmental factors, Food processing techniques, Chemical compo-
sition of food and Type of phenolic compound.

Environmental factors include sunlight duration, ripening stage of apple, rainfall, 
fruit yield etc. food processing techniques may affect the bioavailability of apple 
phenolics by increasing or decreasing the phenolic content of food. The different food 
processing techniques include Thermal treatment, Homogenisation, cooking method 
and method of storage. Raw apples have a higher content of phenolic compounds 
while cooked apples show lower phenolic content because excessive heating of apples 
during cooking reduces phenolic content. Homogenisation may cause alteration of 
the apple matrix thereby increasing the bioavailability of its phenolic content. Food 
processing techniques are also an important factor affecting apples’ bioavailability of 
phenolic content. It is generally found that apple puree and apple juice have higher 
bioavailability as compared to unprocessed apples. That is because the phenolic 
content is easily and quickly absorbed from the processed apple. The method and 
duration of storage of apples and their products also affect the bioavailability of apple 
phenolics. The presence and absence of positive or negative effects in our diet may 
also affect the bioavailability of phenolic content from apples. The storage of apple 
juices for 11 months resulted in a decrease in phenolic content in apple juice [16].

6.2 Major phenolics found in apples

The two broad groups of phenolic compounds found in apples are the Flavonoids 
and Phenolic acids with each group consisting of a large number of compounds 
(Table 4) with varying structures.

Flavonoids are a class of polyphenolic secondary metabolites found in plants and 
commonly consumed in the diet of humans. Chemically, flavonoids have a general 
structure of a 15-carbon skeleton which consists of two phenyl rings and a heterocy-
clic ring. The carbon structure can be abbreviated as C6-C3-C6.

Flavonoids may be further grouped into classes such as flavanols (Catechin, 
Epicatechin, Pyrocyanidins), dihydrochalcones (Phloridizin, Phloretin glycosides), 
flavonols (Quercetin glycosides), anthocyanins.

Flavanols are derivatives of flavans that possess a 2-phenyl-3,4-dihydro-2H-chromen-
3-of skeleton. Flavan-3-ol has 2 chiral carbons. Catechin and Epicatechin are epicatechins, 
with (−) epicatechin and (+) catechin being the most optical isomers found in nature.

Dihydrochalcones or 1,3-Diphenylpropan-1-one are organic compounds with the 
formula C6H5C(CH2)2C6H5 and a molar mass of 210.27 g/mol. It is a white solid and 
soluble in many organic solvents. Phenolic compound Phloretin belongs to this group 
which occurs as glycosides in apples.

Anthocyanins are glycosides of anthocyanidins, that are water-soluble vacuolar 
pigments. In acidic conditions, anthocyanins appear as red pigments while in alkaline 
conditions, they appear as blue pigments. They are abundantly present in apple peels 
of red apples.

The term Phenolic acids refer to the phenolic compounds having one carboxylic 
acid group. They are generally found in bound form as amides, esters, and glycosides 
and rarely occur in free form. Phenolic acids are mainly divided into two subgroups 
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hydroxybenzoic and hydroxycinnamic acid. The most abundant soluble bound 
hydroxycinnamic acid present in apples is Chlorogenic acid.

Chlorogenic acid is the ester of caffeic acid and quinic acid functioning as an 
intermediate in lignin biosynthesis. The acid has the formula C16H18O9 and a molar 
mass of 354.31 g/mol.

6.3 Role of phenolics

Phenolics play an important role in plant development as phenolic compounds 
are significant molecules for the biosynthesis of lignin and other plant pigments. In 
plants, phenolic compounds have anti-microbial activity and also resist pathogens.

7. Apple: eating an apple a day keeps the harmful radicals away!

The tremendous contribution of phenolics and flavonoids to antioxidant capacity 
provides a significant role as a scavenger and alleviates the harmful effect of reac-
tive oxygen species in the cell. Research has suggested that the various polyphenol 
compounds of apples are effective in preventing several chronic diseases such as heart 
disease, cancer etc.

Phenolics types Phytochemicals

Phenol Chlorogenic acid
Hydroxy benzoic acid
Hydroxycinnamic acid

Flavanoids

Anthocyanidins Cyanidin 3-O-arabinose
Cyanidin 3-O-galactoside
Cyanidin 3-O-xyloside
Cyanidin 3-O-xylgalactoside

Flavonols Quercetin 3-arabinopyranoside
Quercetin 3-arabinofuranoside
Quercetin 3-galactoside
Quercetin 3-glucoside
Quercetin 3-rhamnoside
Quercetin 3-rutinoside
Quercetin 3-xyloside

Dihydrochalcones Phloretin
Phloretin-20-O-xyloglucoside
Phloridzin
3-Hydroxyphloridzin

Flavan-3-ols Monomeric; (+) – Catechin, Epicatechin
Oligomeric (Procyanidins)
Procyanidin B1
Procyanidin B2
Procyanidin B5
Procyanidin B7
Procyanidin C1

Table 4. 
Potential phenolics in apple.
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Polyphenols also exhibit anti-obesity effects. Flavanoids such as epicatechin may 
prevent heart disease by lowering blood pressure, reducing LDL cholesterol and 
reducing atherosclerosis [17].

Quercetin and phloridzin reduce type 2 diabetes risk. Quercetin’s anti-inflam-
matory effects reduce insulin resistance while phloridzin cuts sugar uptake by the 
intestines [18].

Quercetin helps in regulating the immune system by reducing inflammation. It is 
also effective against bronchial asthma and sinusitis [19].

Proanthocyanidins have been reported to prevent and reduce allergic asthma 
airway inflammation [20].

Various researchers have also suggested that phenolic compounds have anti-cancer 
properties and are effective in preventing certain cancers, i.e., lung breast and diges-
tive tract cancer [21].

Chlorogenic acid is supposed to inhibit weight gain, prevent liver steatosis and 
block insulin resistance [22].

Various researchers have reported that apple extracts also show antimicrobial 
properties. According to literature data, extracts of the peel of the Royal Gala variety 
and the Granny Smith variety showed inhibition of the growth of Escherichia coli, 
Pseudomonas aeruginosa and staphylococcus aureus strains.

8. The role of phenolics in apples to the total antioxidant capacity

Research that aimed to examine the average concentrations of the major  
phenolic compounds in six cultivars of apples. The average phenolic concen-
tration detected among six cultivars is summarised in the table below and a 
pie chart (Figure 6) (derived from Table 5) showing percentages of different 
phenolics [23].

The results derived from high-performance liquid chromatography with diode 
array detection [24] performed on different varieties of apples are summarised in the 
chart (Table 6).

Figure 6. 
Pie chart depicting the contribution of different phenolics to the total antioxidant capacity.
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8.1 Phenolic compounds to the total antioxidant capacity of apples

According to available literature and experiments conducted by various research-
ers, we may conclude that flavanol content contributes most to the antioxidant 
capacity of apples. The table and pie chart also supports that the antioxidant activity 
of apples is majorly due to phenolic compounds which are flavanoids and phenolic 
acids and Vitamin C has an insignificant contribution to the antioxidant capacity of 
apple as compared to phenolic compounds.

9. Phenolics: emerging nutraceutical

Phenolic compounds obtained naturally from plants have lately become signifi-
cant molecules. Scientists hold high aspirations as the research suggests phenolics 
to be a compound of high nutraceutical value which could be used in the diet, drugs 
cosmetics etc. many researchers have indicated the promising result of the use of 
phenolic compounds in the industrial sector. A very well-researched property of 
Phenolic compounds is their antioxidant property which has shown significant results 
in various health ailments. Phenolic compounds can be used in food as additives and 
preservatives; in cosmetics as UV protection and anti-ageing agents. Research has 
given hopes of using phenolic compounds as potential pharmaceuticals which may in 
future provide cures to many incurable and chronic diseases. However, there is still 
a lack of knowledge and awareness about the bioavailability and nutritional value of 
phenolic compounds and further research is being done. The potential use of phenolic 

Compound detected Amount present (mg/100 g)

Quercetin glycosides 13.2

Procyanidin B 9.35

Chlorogenic acid 9.02

Epicatechin 8.65

Phloretin glycosides 5.59

Vitamin C 12.8

Table 5. 
Amount of different phenolic compounds in apples.

Apple variety Part of 
apple

Content of major 
phenolic compound

Antioxidant 
contribution

Benefits Reference

Golden 
delicious

Peel Catechin 66–164 Prevent cell 
damage

[24]

Red delicious Peel Phloridzin 104–159 Anti-diabetic [24]

Reineta Peel Epicatechin 283–439 Anti-
hypertensive

[24]

Red delicious peel Chlorogenic acid 113–157 Anti-obesity [24]

Table 6. 
The major content of phenolic compounds with their antioxidant contribution (mg/kg fresh weight).
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compounds in different spheres of life may become a substitute for many artificially 
synthesised compounds and would prove to be a boon for the human race.

10. Conclusion

Apples have been praised for their health benefits for ages and now it is evident 
as per the research and experiments conducted on the quantitative and qualita-
tive characterisation of apple phytochemicals. The different parts of apples such as 
peel, flesh and even seeds are enriched with several types of phenolic compounds. 
Comprehensive research is being done by the scientific community for the advance-
ment of techniques used for the extraction and processing of phenolic compounds 
from apples so that the bioavailability of the phenolic compounds could be enhanced. 
The higher concentration of phenolic compounds in apples has drawn the attention 
of the health sector due to its potential to be used as a dietary supplement as well as 
an essential component of many industrial products such as drugs and cosmetics. 
Several phenolic compounds have been detected in the different parts and different 
cultivars of apples and each with specific health benefits. The amount of phenolic 
compounds present in apples is higher than the other phytochemicals in apples. The 
antioxidant activity of apples due to vitamin C and other phytochemicals is very 
low as compared to the antioxidant activity due to the concentration of the phenolic 
compound in apples. According to this review based on the available literature data, it 
is concluded that the antioxidant capacity of apples is significantly due to the phenolic 
compounds present in them. The apple is a very good source of antioxidants and 
should be consumed with peel as the peel shows a higher level of antioxidant activity.

Conflict of interest

The authors declare no conflict of interest.



Apple Cultivation – Recent Advances

86

Author details

Sweta Kumari1*, Swati Manohar2*, Priyanjali Kumari2, Veda Krishnan1, 
Chirag Maheshwari1, Sneh Narwal1, Om Prakash Gupta3, Vinutha T. Gowda1, 
Navita Bansal1 and Anil Dahuja1*

1 Division of Biochemistry, ICAR-Indian Agricultural Research Institute, New Delhi, 
India

2 Department of Biotechnology, School of Life Sciences, Mahatma Gandhi Central 
University, Motihari, India

3 Quality and Basic Science, Indian Institute of Wheat and Barley Research, 
Karnal, Haryana, India

*Address all correspondence to: sweta381@gmail.com; swatiee.25@gmail.com  
and ad_bio@yahoo.com

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



The Role of Major Phenolics in Apple to Total Antioxidant Capacity
DOI: http://dx.doi.org/10.5772/intechopen.109064

87

References

[1] Lin D, Xiao M, Zhao J, Li Z, Xing B, 
Li X, et al. An overview of plant phenolic 
compounds and their importance in 
human nutrition and management 
of type 2 diabetes. Molecules. 
2016;21(10):1374. DOI: 10.3390/
molecules21101374

[2] Zeb A. Concept, mechanism, and 
applications of phenolic antioxidants 
in foods. Journal of Food Biochemistry. 
2020;44(9):1-22. DOI: 10.1111/jfbc.13394

[3] Pham-Huy LA, He H, Pham-Huy C. 
Free radicals, antioxidants in diseases 
and health. International Journal of 
Biomedical Sciences. 2008;4(2):89-96

[4] Pawlowska E, Szczepanska J, 
Blasiak J. Dietary polyphenols in age-
related macular degeneration: Protection 
against oxidative stress and 
beyond. Oxidative Medicine and 
Cellular Longevity. 2019;2019:1-13. 
DOI: 10.1155/2019/9682318

[5] Elzebroek ATG, Wind K. Guide to 
Cultivated Plants. Wallington: CABI; 
2008

[6] Report: Fresh Deciduous Fruits 
Annual. 2016. United States Department 
of Agriculture. Available from: www.ers.
usda.gov

[7] Food and Agriculture Organisation 
Corporate Statistics Database. 2022. 
Available from: www.hegilibrary.com

[8] United States Department of 
Agriculture. 2019. Available from: www.
fdc.nal.usda.gov

[9] Vinson JA, Xuehui S, Zubik L, Bose P. 
Antioxidant quantity and quality in 
foods: Fruits. Journal of Agricultural 

Food Chemistry. 2001;49:5319. 
DOI: 10.1021/jf0009293

[10] Boyer J, Liu RH. Apple 
phytochemicals and their health benefits. 
Nutrition Journal. 2004;3(5):1-15. 
DOI: 10.1186/1475-2891-3-5

[11] Fu L, Xu BT, Xu XR, Gan RY, 
Zhang Y, Xia EQ , et al. Antioxidant 
capacities and total phenolic contents 
of 62 fruits. Food Chemistry. 
2011;129:345-350. DOI: 10.1016/j.
foodchem.2011.04.079

[12] Kalinowska M, Bielawska A, 
Siwkiewicz HL, Priebe W, 
Lewandowski W. Apples: The content 
of phenolic compounds vs. variety, 
part of apple and cultivation model, 
extraction of phenolic compounds, 
biological properties. Plant Physiology 
and Biochemistry. 2014;84:169-188. 
DOI: 10.1016/j.plantphy.2014.09.006

[13] Ying X, Fan M, Ran J, Zhang T, 
Sun H, Dong M, et al. Variation in 
phenolic compounds and antioxidant 
activity in apple seeds of seven cultivars. 
Saudi Journal of Biological Science. 
2016;23:379-388. DOI: 10.1016/j.
sjbs.2015.04.002

[14] Duda-Chodak A, Tarko T, 
Tuszynski T. Antioxidant activity of 
apples—An impact of maturity stage 
and fruit part. Acta Scientiarum 
Polonorum, Technologia Ailmentaria. 
2011;10(4):443-454

[15] Sanoner P, Guyot S, Marnet N, 
Molle D, Drilleau JP. Polyphenol profiles 
of french cider apple varieties (Malus 
domestica sp.). Journal of Agricultural 
and Food Chemistry. 1919;47(12):4847-
4853. DOI: 10.1021/jf990563y



Apple Cultivation – Recent Advances

88

[16] Gliszczynska-Swiglo A, 
Tyrakowska B. Quality of commercial 
apple juices evaluated on the basis of the 
polyphenol content and TEAC. Journal 
of Food Science. 2003;68(5):1844-1849. 
DOI: 10.1111/j.1365-2621. 2003.tb12340

[17] Parmenter BH, Croft KD, 
Hodgson JM, Dalgaard F, Bondonno CP, 
Lewis JR, et al. An overview and update 
on the epidemiology of flavonoid 
intake and cardiovascular disease risk. 
Food Function. 2020;11:6777-6806. 
DOI: 10.1039/DOFO01118E

[18] Niederberger KE, Tennant DR, 
Bellion P. Dietary intake of phloridzin 
from a natural occurrence. British 
Journal of Nutrition. 2020;123:942-950. 
DOI: 10.1017/s0007114520000033

[19] Mlcek J, Jurikova T, Skrovankova S, 
Sochor J. Quercetin and its anti-allergic 
immune response. Molecules. 2016;21(5): 
623. DOI: 10.3390/molecules 21050623

[20] Coleman SL, Shaw OM. Progress 
in the understanding of the pathology 
of allergic asthma and the potential of 
fruit proanthocyanidins as modulators 
of airway inflammation. Food Function. 
2017;8(12):4315-4324. DOI: 10.1039/
c7fo00789b

[21] Fabiani R, Minelli L, Rosignoli P. 
Apple intake and cancer risk: A 
systematic review and meta-analysis 
of observational studies. Public Health 
Nutrition. 2015;19(14):2603-2617. 
DOI: 10.1017/s136898001600032x

[22] Santana-Gálvez J, Cisneros-Zevallos L, 
Jacobo-Velázquez DA. Chlorogenic 
acid: Recent advances on its dual role 
as a food additive and a nutraceutical 
against metabolic syndrome. Molecules: 
A Journal of Synthetic Chemistry 
and Natural Product Chemistry. 
2017;22(3):358. DOI: 10.3390/molecules 
22030358

[23] Lee KW, Kim J, Kim D-O, Lee HJ, 
Lee CY. Major phenolics in apple and 
their contribution to total antioxidant 
capacity. A Journal of Agricultural Food 
Chemistry. 2003;51(22):6516-6520. 
DOI: 10.1021/jf034475w

[24] Escarpa A, Gonzalez MC. High-
performance liquid chromatography 
with diode array detection for the 
determination of phenolic compounds 
in peel and pulp from different apple 
varieties. Journal of Chromatography A. 
1998;823:331-337. DOI: 10.1016/
s0021-9673(98)00294-5



89

Section 3

Cultivars, Rootstocks,  
Nursery and Production 

Techniques of Malus Species





91

Chapter 7

Apple Production under Protective 
Netting Systems
Richard M. Bastías and Alexandra Boini

Abstract

Apple crop is more and more cultivated under protective netting systems. 
Depending on the location and sunlight intensity, apple orchards can benefit 
from these installations, as they will be protected against extreme weather events. 
Depending on the technical features of the thread, the nets will be hail-proof, 
wind-proof, or rain-proof, while having different shading percentages. Modern fruit 
production faces high pressure also related to biotic stressors; thus, modern protec-
tive nets are designed to aid pest management. These protective systems become 
interesting, as they will induce changes in the orchards’ microenvironment, with 
consequences on crop physiology. Netting mainly reduces incoming solar radiation 
and wind speed, altering the heat balance. Leaf gas exchanges and water relations 
can be positively influenced by netting in apple cultivation areas with extreme solar 
radiation, high temperatures, and low water availability. These considerations are 
important, especially if the final yield and quality are not compromised by shading. 
These protective systems can allow higher sustainability of apple production, lower-
ing resource use, along with crop protection.

Keywords: Malus domestica borkh, protected crop, nets, sunlight, orchard management, 
physiology

1. Introduction

Orchard netting is a technique that has become widespread in apple production 
to prevent damage from adverse climatic events, such as sunburn in countries such as 
Chile, South Africa, the United States, and Australia [1–4], hail in countries such as 
Germany, Italy, and Spain [5–7], and insect attacks such as codling moth in countries 
such as Italy, France, and Canada [6, 8, 9]. This wide range of uses of netting in apple 
trees implies the adoption of different installation systems and net designs, differen-
tially impacting microclimatic conditions of light, temperature, relative humidity, 
and wind speed [9–11], and with a consequent effect on plant physiological responses, 
such as leaf gas exchange, water relations, tree growth, floral development, and fruit 
quality traits [12–16]. Greater environmental and biological stress pressure due to 
climate change is forcing the use of netting to be essential by apple growers, but at the 
same time imposes the challenge of adjusting orchard management practices to the 
particular microclimate and physiological plant conditions that are generated under 
netting, such as irrigation, pruning, crop load regulation, and pest control [7, 17], as well 
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as the need for innovation in new netting systems that are compatible with sustain-
able fruit production [18]. This chapter provides an overview of netting in apple 
orchards, including installation systems, net designs, their effects on microclimate 
and plant physiology, and the innovative development of photo-selective nets and 
sustainable netting systems.

2. Netting systems

2.1 Netting structure

The most appropriate netting structure for apple orchard covering depends on 
the commercial purpose, installation cost, climatic conditions, and benefits pursued 
[19]. The most common structure system is the anti-hail roof type (Figure 1 left-
above), which has become widespread among apple growers in countries such as Italy, 
Germany, and Spain [20, 21], and some South American countries such as Chile and 
Argentina [17]. This system allows good ventilation of the orchard and, thanks to the 
slope of the roof, favors the discharge of hail that slides and accumulates toward the 
net junction between the rows, thus avoiding damage to the installation system due to 
overweight from an extreme hailstorm [19–21]. A second system is the shading roof 
system (Figure 1 right-above), which is widely used in apple production areas with 
a high incidence of solar radiation and extreme temperatures, and to protect fruits 
against sun damage [17]. It has the advantage of greater access to machinery between 
rows and lower investment costs in netting materials and structure while being 

Figure 1. 
Apple orchards under netting structures of anti-hail roof system (left-above), shading roof system (right-above), 
plot exclusion system (left-below), and single row exclusion system (right-below).
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also effective in mitigating the effects of hail and wind. However, the disadvantage 
of this system is the low stability against extreme hailstorms, given the absence of 
slopes, thus not allowing hail to slide and discharge, increasing the structure ten-
sion by the hail weight [22]. Other systems are exclusion nets that can totally plot 
the orchard, or just single rows (Figure 1 left-right-below). These systems offer 
total protection against hail, sunburn, and the impact of wind [22]. Additionally, 
they allow protection from the attack of pests, limiting chemical pesticide use. It has 
been demonstrated that the single-row exclusion system in apple orchards allows a 
reduction of fruit injury by codling moths near to 99%, without any application of 
specific insecticide, since this netting excludes the male moths flying over the tree 
canopy [8]. However, this type of system requires ventilation management, especially 
in areas with hot summers, since they can induce problems of increased temperature 
and relative humidity. Furthermore, these systems are more expensive, since more 
netting materials are needed to cover the total plots or single rows of apple orchards 
[21, 22]. Besides, it has been observed that these systems tend to accumulate dust on 
the topmost part, year after year, along with moss formation.

2.2 Net designs

Different types of nets are used in apple orchards, which differ in their weaving 
and colors. The first is the “Raschel” type net, which is commonly used for shading, 
with flat threads joined by chains of transverse threads, called the warp, that tie the 
transverse flat threads, called weft (Figure 2), preventing them from falling apart 
due to the action of the wind or hail fall [20]. The second group of nets is the “Leno” 
type net (Figure 1), which is made of monofilament yarns, woven orthogonally in 
both weft and warp directions. The warp corresponds to a double fiber of threads 
that transversally encloses each thread of the weft that is positioned longitudinally 
(Figure 2). This type of net is more rigid than the previous one and is more suitable 
against strong hailstorms [20]. From the mechanical point of view, the “Raschel” 
net exhibits a very fragile and linear elastic tension in the weft direction, and higher 
resistance and nonlinear tension in the warp direction, while the “Leno” anti-hail net 
shows fragile and lineal tension in the warp direction, and higher strength nonlinear 

Figure 2. 
Details of threads design of black, white, and red shade nets (above), and black, white, and red hail net (below) 
commonly used to protect apple orchards.
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tension in the weft direction [23]. The color of the net is obtained by adding pigments 
to the HDPE polymer during the manufacture of the yarns. The most common colors 
of nets used in apple orchards are black, white, and red (Figure 2), although blue, 
green, yellow, and gray nets also have been used by apple growers. The color of the net 
exerts a selective effect on sunlight transmission, altering the light spectrum and the 
ratio of direct vs. diffuse light. This will ensure the effects on the plant’s physiologi-
cal and productive responses as has been widely evaluated in apple trees and will be 
analyzed in more detail during the development of this chapter [10–15].

3. Microclimate conditions

3.1 Light conditions

The main microclimate impact of netting is in the reduction of incoming pho-
tosynthetic active radiation (PAR), which could be affecting the most important 
physiological process determining the fruit yield and quality in apples, such as 
photosynthesis and carbon allocation [24]. The influence on nets in the PAR reduc-
tion is widely affected by the net design; thus, translucid-type nets reduce up to 7% of 
PAR light availability, while PAR under black anti-hail is reduced by 18%. In addition, 
the combination of thread colors also influences the quantity of PAR light reduction 
under netting. White-green net reduces up to 13% of PAR transmission, while under 
red-black nets the reduction of PAR availability is near 16% [25]. These differences 
in PAR availability among nets are due to the fact that the color of the threads alters 
the diffuse light proportion concerning total light transmitted under netting. In this 
sense, it has been shown that apple orchards covered with a pearl net provide 4% 
more PAR light available than those covered with a red net, due to the increase in 
diffuse light [26]. In this case, the pearl net increases the proportion of diffuse light 
by up to 15% compared to the red net (Figure 3).

On the other hand, the color of nets has a direct influence on the spectra trans-
mission of sunlight [11, 27]. White, gray, or black color nets do not alter the spectral 
transmission of light at any of the wavelengths (Figure 4), while red and blue netting 
differentially alter light transmission in the specific wavelengths. The red net reduces 

Figure 3. 
Total (a) and diffuse (b) photosynthetic light incident in “Gala” apple orchard under pearl and red netting 
(adapted from Umanzor et al., 2017).
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transmission in the blue light spectrum (400–500 nm) and increases it in the red 
(600–700 nm) and far-red (700–800 nm) light spectrum, whereas the blue net alters 
light transmission in the opposite way (Figure 4). It has been shown that these changes 
in the wavelength of light transmission modify different vegetative and reproductive 
responses in apple orchards grown under red and blue nettings, such as shoot and fruit 
growth, and leaf gas exchange, and that they are probably governed by the activity of 
specific photoreceptors such as phytochromes and cryptochromes [11, 12, 28].

UV radiation is another component of sunlight that is affected using nets and 
that plays an important role in the apple fruit quality, by stimulating the synthesis of 
anthocyanins, the pigment responsible for the red color of the fruit [29], as well as for 
its action on the photo-oxidative damage that originates in the apple sunburn due to 
overexposure to direct sunlight [30]. It has been shown that, depending on the color 
and weave of the threads, the nets used to cover apple orchards reduce UV light trans-
mission by 10–13% more than PAR light, due to the additives that are incorporated 
during its manufacturing to increase its durability and resistance to UV rays. Thus, 
for a transparent and black monofilament net that reduces PAR light by 7 and 18%, 
the reduction of UV light with these nets is 20 and 29%, respectively [25].

3.2 Temperature, relative humidity, and wind speed

Covering netting mainly reduces the global solar radiation incoming and wind 
speed, thus altering the heat balance in the orchard and with the consequent impact 
on air and canopy temperatures [31]. The density of net weaving directly affects the 
magnitude of temperature changes under netting. No significant changes in environ-
mental temperature were observed under nets with low thread density and with shade 
levels between 20 and 25% [10, 31], while the use of 50% shade nets reduces the air 
temperature by up to 1–3°C, and especially with 50% black nets [32].

Figure 4. 
Spectra light transmission of colored hail and shade nets commonly used to protect apple orchards (adapted from 
Bastías et al., 2012; 2021).
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The effect of the nets on the relative humidity in apple orchards depends on the 
climatic condition, planting system, and geographical location. In more arid environ-
ments such as Australia, the use of netting increased the relative humidity by up to 
15% [33], but in other arid environments such as the state of Washington, the relative 
humidity did not change in apple trees under different net colors [10], while in more 
humid environments such as Germany, the relative humidity was reduced from 3 to 
5% in apple orchards grown under netting [28].

Protecting apple orchards with netting also reduces wind speed at the tree canopy 
level, and its effect depends on location, planting system, and density of the net 
weaving. In the States of Washington and Australia, a reduction of about 50% in wind 
speed was reported in apple trees growing under 20% shade nets [32, 34], while in 
Chile, the use of 23% shade net reduced the wind speed by 69% with a direct impact 
on the reduction of loss of sensible heat flux in apple orchards [31]. Finally, the use of 
colored nets at 50% shade allowed to reduce wind speed by up to 89% when compared 
to the condition nets [34].

4. Physiological tree responses

4.1 Leaf gas exchange

The influence of the use of the nets on apple leaf net photosynthesis rate (An) and 
stomatal conductance (gs) has been reported with different responses, depending 
on the netting system, cultivar, and climatic conditions (Table 1). In South Africa, 
the use of 20% shade black net decreased An and gs by 14 and 21% compared to the 
condition without netting, and attributable to morphological changes of the leaves 
growing under netting [35]. Similar results were observed in Germany under cloudy 
day conditions with the use of 12% shade green-black net in the cultivar “Fuji.” In this 
case, the An was 21% lower in apple leaves growing with this net [28]. Under more 
extreme environmental conditions with greater intensity of solar radiation and high 
temperatures, the use of netting has been favorable in increasing An and gs in apple 
trees (Table 1). In the state of Washington, covering “Honeycrisp” apple trees with 

Net system/climate 
condition

Cultivars Variation of An 
with respect to 

control (%)

Variation of gs 
with respect to 

control (%)

References

20% black net/Sunny 
condition

“Royal Gala” (−) 14 (−) 21 [35]

12% green-black net/
Cloudy condition

“Fuji” (−) 21 — [28]

22% blue net/Sunny and 
hot condition

“Honeycrisp” (+) 30 (+) 31 [36]

22% pearl-gray net/
Sunny and hot condition

“Brookfield 
Gala”

(+) 54 (+) 52 [31]

22% black net/Sunny 
and warm condition

“Golden 
Delicious”

(+) 60 (+) 80 [37]

Table 1. 
Variation in net photosynthesis rate (An) and stomatal conductance (gs) in apple cultivars grown under different 
climate conditions and netting systems.
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a blue net at 22% shading allowed an increase of about 30% in the leaf An and gs, 
when the trees grew under hot conditions [36]. Similar results were obtained in Chile 
in “Brookfiel Gala” apple trees covered under a 22% pearl-gray net and in which An 
and gs increased by 54 and 52%, respectively, when the conditions of temperature 
and solar radiation were widely extreme [31]. In Portugal and under Mediterranean 
climate conditions, the use of black netting at 22% shade in “Goden Delicious” apple 
allowed an increase of An and gs by 60 and 80%, respectively [37].

Differential response in An and gs under netting may be due to the particular light 
conditions that are generated under the nets and that affect the leaf function and mor-
phology [12], as well as to the temperature conditions that prevail in the apple-growing 
area [36]. In this sense, the color of the net affects these responses, as has been shown 
in “Fuji” apple trees growing under 40% shade blue and red nets. In this research, it 
was shown that the gs in leaves growing under the blue net increased by 21% compared 
to the red net, and attributable to the effect of blue light on the stomatal opening 
stimulus [12]. In the same study, it was also shown that this increase in gs resulted in a 
similar increase in the rate of transpiration (E), but without a significant effect on An, 
implying a lower efficiency in the water use of the leaves that grow under the blue net. 
Another study indicates that the increase in gs and An by about 50% in apple trees due to 
the use of 22% shade pearl-gray net also allowed for a 25% higher water use efficiency 
measured as An/E [31]. These results indicate that the selection of the color and per-
centage of shading are very relevant to consider in apple cultivation under areas with 
extreme solar radiation, high temperatures, and low water availability [12, 31, 36, 37].

4.2 Water relations

As previously said, net application in orchards will impact the microclimate; thus, 
the tree’s responses will also differ in terms of water use. Since there is a decrease 
in the incoming solar energy, the leaves will need less water for evaporation, a 
consequence of necessary heat loss to manage the entering energy. This amount of 
outcoming water flux by evaporation from the apple orchard under netting depends 
on the quantity of light determined by the shading percentage of the net, but also by 
the quality of light determined by the color of the net. Higher radiation leads to higher 
latent heat flow; thus, there will be higher heat dissipation [13, 38–40]. In unlimited 
water availability scenarios, water loss for cooling purposes will take as long as the 
optimum leaf temperature is maintained. However, when water is limited, stomata 
will close to prevent excessive water loss, thus preventing dehydration [13, 39]. Apple 
sap flow studies showed that trees under a 20% shading net indeed have higher xylem 
water transport rates, compared to trees under a 50% shading net [13]. Another 
study showed improved water status for apple trees under a 50% shading net [41], 
compared to those without net, or even to those under a 20% shading net [42]. In 
these cases, trees experiencing higher incoming light may have reached, or exceeded, 
the “threshold” at which transpiration was higher than root water uptake. Stomata 
closure to avoid dehydration resulted in more negative water potentials. It is likely 
that trees under 50% shading are growing in less stressful conditions, than those 
grown under lighter shading, or no shading at all. It is expected that, in a more shaded 
orchard, a certain amount of water may still be available in the soil [40].

These results suggest that apple trees in shaded environments are able to lower 
their water requirements. Since reference evapotranspiration (Et0) is with doubt 
lower the more shade there is [43, 44], Kc will be lower for apple trees in more shaded 
orchards (Figure 5) [45, 46].
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The resulting crop evapotranspiration (Etc) will decrease, compared to less 
shaded growing conditions. Apple trees can be more efficient in terms of water use, 
under shaded environments [37], even in conditions of water shortage [18]. Anyhow, 
increasing shade along with irrigation volumes that reflect Etc will lead to similar 
water potentials (Figure 6).

When the different wavelengths of the solar spectrum are manipulated (with 
photoselective nets, e.g.), water relations can be influenced according to a photo-
morphogenic effect. Hence, a low-red/far-red light environment will generate higher 
water uptake [13]. There will be a tendency to have less negative water potential 
[12, 13]; thus in unlimited water conditions, certain wavelengths increase tree water 
consumption. On the other hand, blue light was found to maintain a better water sta-
tus (midday stem and leaf water potentials), compared to no shading [36], although 

Figure 6. 
Daily average stem water potential for two apple cultivars in two different netted environments (unpublished 
data).

Figure 5. 
Estimated crop coefficient (kc) values and percentages for different light environments in a “Gala” orchard 
(adapted from Boini et al., 2018).
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there were no other colored nets as a comparison. When a photoselective net is thicker 
in order to increase the shading percentage (40–50% shading), the more intense 
certain wavebands will be. This can heavily impact the responses described. If the nets 
are designed to maintain a lighter shading percentage (max 20%), it is possible that 
the intensity of such wavebands is not strong enough to induce a visible effect, at least 
in the short term. Other factors will markedly dictate orchard responses, such as the 
pruning history and the weather Yield and fruit quality of apple cv. “Jonagold” under 
hail protection nets [18, 47].

4.3 Vegetative and reproductive growth development

Protective netting leads to higher shoot development and elongation, depending 
on the intensity of the external sunlight and the shading percentage of the nets. In 
general, lower PAR environments trigger shade-avoidance responses, to different 
extents [11]. As specified in the previous sub-section, shaded canopies experience low 
R/FR ratios, pushing shoots in search of richer PAR areas. However, there are cases 
that report no differences in “Fuji” shoot growth, comparing light-shading nets with 
uncovered controls [28], probably due to the well-known alternate bearing behavior 
of this cultivar.

Other vegetative growth and development features include leaf area and thickness. 
These characteristics will vary based on the quantity of filtered light and also on its 
quality. In this case, discriminating between these two properties of shading nets 
appears easier. Heavy shading produces smaller and thinner leaves, typical of inner 
canopy foliage, while the more exposed ones generate extra palisade layers, to better 
manage the higher incoming solar energy. In fact, extra palisade cells were found in 
PAR and blue-rich light environments under netting [12]. A wider leaf area is also 
typical of highly illuminated environments, although nets with higher PAR, or blue 
light, transmittance will generate bigger leaves [11, 28].

Effects of shading can occur on reproductive growth. Return bloom will be 
primarily influenced, as light is essential for flower bud formation; however, the 
responses could vary on the cultivars and the shading percentage. No differences 
were found for “Rosy Glow” apple, when comparing different percentage of shading 
(Boini, unpublished work); “Gala,” “Fuji,” and “Granny Smith” apple cultivars can be 
negatively affected by shading, with significantly fewer flower buds under more shade 
[28, 48, 49]. To overcome this possibility, installing reflective mulches will increase 
PAR distribution in the canopies, with positive results the following year [49]. 
Fruitlets will have to compete with vegetative shoots, for growth resources, especially 
in the first weeks after full bloom. In fact, this period is so crucial, and growers will 
not open protective netting before 3–4 weeks after full bloom. The timing depends 
on the location of the orchard; thus, some may see the nets open more than a month 
after full bloom. After such a period, there will still be competition between vegeta-
tive and reproductive organs [15]. The spur canopy needs good light interception, 
in order to increase the leaf area, so as to have higher photosynthates products to be 
sent to fruitlets. In this case, white or pearl nets with high scattering properties would 
improve these agronomical aspects.

4.4 Fruit quality traits

The location of the orchard will be the most important aspect. Different culti-
vating areas cannot be compared, as the tree’s physiological responses will change, 
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although the protective netting may be the same. The responses of apple fruit’s final 
quality to shade can be conditioned by the color of the nets and by their light scatter-
ing properties. Considering black, gray, and white (pearl), the results can be different 
when looking at certain traits and can be considered cultivar-dependent [50].

Red color development for summer varieties can be penalized or delayed by 
certain protective nets, exclusion nets, for example, as daily thermal excursion may 
not be enough to induce anthocyanin synthesis. Nevertheless, the protective netting is 
beneficial against sunburn damage, as it has been demonstrated that this physiologi-
cal disorder is related to high solar intensity along with high air temperatures [3]. It 
has been shown that the effectiveness of sunburn control through netting is related 
to lower photoinhibition at the level of the skin of the apple. Thus, in the cultivars 
“Fuji” and “Gala,” the photochemical efficiency of the PS-II of the skin of the fruits 
that grew under nets was 3% and 12% higher in comparison with the fruits that grew 
exposed to full sunlight, respectively [16]. The protection of the fruits against sun-
burn through netting causes different responses in the composition of color pigments 
and antioxidants in the apple skin, which depends on the cultivar and type of net. 
While in “Gala” apples the use of red net favors the accumulation of anthocyanins and 
antioxidant capacity, and in “Fuji” apples the use of pearl net decreases the accumula-
tion of anthocyanins and antioxidant capacity in the fruit skin [1]. Due to changes in 
the transmission of PAR and UV light, the antioxidant composition of anthocyanins 
and vitamin C is widely altered in apples that grow under the netting systems. It has 
been reported that the anthocyanin content was 2–6 times lower in “Fuji” apples 
grown under red and blue 40% shade net, in comparison with uncovered trees [51]. 
In the same way, it has been shown that the vitamin C content decreased by 31% in 
apples under the black-green net, and only by 10% under the white-red net, while in 
white translucent net, the vitamin C content was increased by 5% [52].

Another quality trait that is affected by the use of netting in apples is the size of the 
fruit, in which effect varies depending on the climatic condition, cultivar, and type of 
net. In Spain, the use of black 25% shade net reduced the fruit size in “Mondial Gala” 
apples [53], while in Brazil the use of white 18% shade net increased the fruit size in 
“Gala” and “Fuji” apples [48]. In Italy, the use of blue 40% shade net increased the 
fruit size in ‘Fuji’ apples, compared to the use of red 40% shade net [14]. In Chile, the 
use of a pearl-gray net at 22% of shading factor also increased fruit size in “Brookfield 
Gala” apples, attributed to the higher net assimilation of CO2 found under this net and 
which provides greater availability of carbohydrates for fruit growth [31].

Finally, changes in fruit firmness have also been reported in apples under netting, 
which are closely linked to changes in light conditions. The use of a black 15% shade 
net increased fruit firmness in “Fuji” apples, while black 55% shade net decreased it 
[54]. The differential effect of the color of the net on fruit firmness in apple trees has 
been attributed to the role played by the light quantity and quality on changes in the 
size and density of cells during the fruit growth and development process [55].

5. Photoselective nets

In the last decades, advances in netting systems have focused on the development 
of photoselective materials with the capacity to transmit selectively the solar radia-
tion to promote positive physiological responses and improve the yield and fruit 
quality through the addition of specific colors during the manufacture of the nets 
[56]. In the first studies carried out on apple trees, it was verified that the use of the 
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photo-selective blue net allowed to increase in fruit growth in comparison with the 
red net, and through the promotion of greater photosynthesis and partition of assimi-
lates toward the fruit [14]. Photoselective nets also affect the sap flow and water use in 
apple trees; the use of the pearl net was more effective in reducing water consumption 
in relation to the red net, with a direct effect on decreasing the sap flow [13]. Other 
more recent works demonstrate the potential of using photoselective colored nets in 
the biological management of the codling moth in apple orchards. In this case, the 
parasitoid capacity of the moth larva was affected by the color of the nets; females 
found their host faster under red and pearl nets when compared to black nets [57]. 
In recent years, new photoselective net materials have been incorporated with the 
specific purpose of controlling sunburn on apple orchards through the reduction of 
light transmission in the UV and IR spectra, which are based on combined colored 
pearl-gray, blue-gray, and pearl-blue nets (Figure 7); its use in commercial apple 
orchards allowed reducing sun damage in fruits with an effectiveness of 49%, 45%, 
and 33% in the “Granny Smith,” “Cripps Pink,” and “Fuji” cultivars, respectively, and 
in relation to the use black netting [17].

6. Conclusion

Netting systems can increase the sustainability of apple production, limiting the 
use of resources, from water to chemical treatments for pest control. For this reason, 
this technology has been widely expanded in different apple-producing areas of the 
world, with different alternatives in installation structures, net design, and color 
that offers the possibility of differential management of the orchard microclimate 
and crop physiology to obtain certain benefits such as the use of water, availability 
of photo-assimilates, vegetative and reproductive growth control, and regulation of 
some fruit quality traits. The existing knowledge to date about the impacts of net-
ting systems on plant physiology offers the possibility of exploring new applications 

Figure 7. 
Detail of trial in commercial “Granny Smith” apple orchard under combined pearl-gray, blue-gray, and blue-
pearl nets, in comparison with black net. Maule region, Chile.
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(photoselective nets) in apple production and under different climatic conditions, but 
at the same time, it raises some questions from the environmental sustainability point 
of view. The question arises whether the actual production of the nets is going to com-
promise an environmentally sustainable fruit production process. The first concerns 
outweigh the agricultural benefits of netting on natural predators in integrated pest 
management [58]. A second point is related to how the netting system works well 
with recycling and re-uses the HDPE for constructing a series of elements, such as 
pumps, valves, and pipework, which is one of the best strategies [59]. Finally, increas-
ing interest in biobased and sustainable netting systems leads to the development 
of polymers containing polysaccharides and raw materials. However, these biode-
gradable materials were still less than 1% of the produced plastics and eco-friendly 
additives that could extend their lifespan are still far from being produced [60].

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Rootstocks and Varieties of Fruits,
Berry Crops, and Grapes, Used for
Intensive Gardening in Kazakhstan
Yuliya M. Yefremova, Marina V. Urazayeva and
Saule Sh. Kazybaeva

Abstract

The results of the study of clonal rootstocks of apple trees of various ecological and
geographical origins, varieties of fruit, berry crops, and grapes of local selection are
presented. According to the efficiency of reproduction in the mother liquor and fields
of nursery formation, as well as the short stature of trees of grafted varieties in the
garden, precocity and productivity, clonal rootstocks of the apple tree B7-35, Arm18,
62-396, and B16-20 were distinguished. Their important role in unlocking the
potential of ancient apple varieties in the south and southeast of Kazakhstan. These
rootstocks and varieties are recommended for propagation and creation of highly
productive orchards. The Ministry of Agriculture of the Republic of Kazakhstan pro-
vided funding within the framework of the budget program 267 “Improving the
availability of knowledge and scientific research” under subprogram 101 “Program-
targeted financing of scientific research and activities” – Creation of varieties and
hybrids of fruit and berry, nut crops and grapes based on the achievements of bio and
IT technologies, 2021–2023yy. No. BR10765032.

Keywords: clonal rootstocks, nursery, seedlings, varieties, intensive gardening,
selection

1. Introduction

In recent years, the economy of Kazakhstan has been steadily outpacing the
average world growth rates, ensuring the progressive socioeconomic development of
the country. In 2019, GDP growth amounted to 4.5%, accelerating the momentum
gained in 2017–2018. More than 85% of economic growth in 2019 was provided by the
non-primary sector of the economy. These are construction, manufacturing, and
services in general. That’s where the growth prospects for the village. Therefore, our
task is to at least increase productivity in the agro-industrial complex by 2024. Only
agro-industrial diversification, that is, a sharp increase in the processing of agricul-
tural raw materials, new equipment, new technologies, and approaches in agriculture,
can solve this difficult task. It is necessary to use world experience, to quickly
introduce it into our agriculture [1].
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At present, in Kazakhstan, the production of fruit and berry products, as well as
early vegetables during the off-season, is not sufficient. At the same time, there is a
great potential for increasing the production of these products, given the favorable
natural and climatic conditions of the southern regions of the republic for the cultiva-
tion of fruit crops and grapes. There is also a large market for fruit products in the
border regions of the Russian Federation. One of the effective ways to increase the
production of these products is the introduction of advanced technologies, in particular,
intensive orchards with a high planting density, accelerated entry into commercial
fruiting, and high yield potential. In order to implement the Program for the Develop-
ment of the Agro-Industrial Complex of the Republic of Kazakhstan for 2013–2020
“Agribusiness-2020,” a Master Plan “Fruit and Vegetable Growing” was developed [2].

The main requirements of industrial horticulture are to obtain early-growing,
high-yielding and low-growing fruit trees. These main requirements of intensification
are achieved by introducing new varieties and rootstocks into the assortment, using
various agro-technical methods, and using completely new types of planting
structures [3, 4].

In the practice of managing the genetic diversity of planting material in Kazakh-
stan, a course has been taken to create gardens on low-growing vegetatively propa-
gated (clonal) rootstocks, as well as to obtain highly adaptive varieties of horticultural
crops by breeding [5].

In this regard, F&VRI has obtained a unique collection of rootstocks and varieties
from various fruit growing regions of the world, as well as varieties of local selection,
which has replenished the agro-diversity of fruit crops in Kazakhstan. Long-term
studies have identified a group of rootstocks with positive economic and biological
characteristics, in particular, good adaptability to local soil and climatic conditions of
growth, contributing to high productivity of trees with good fruit quality [6].

At present, the isolated rootstocks of apple trees and varieties of horticultural crops
form the basis for the development of a system for conducting intensive horticulture
in Kazakhstan. The use of their biological potential will significantly increase the
profitability of orchards in newly created peasant and farm enterprises and support
their economy [7].

2. Materials and methods

The objects of research in the mother liquor, fruit nursery, and orchards were new
for Kazakhstan clonal apple rootstocks and varieties of local selection of horticultural
crops. The studies were carried out in the mother liquor of vegetatively propagated
rootstocks, in the fields of nursery formation and in gardens of Almaty, Zhambyl, and
South Kazakhstan regions of the Republic of Kazakhstan. Over the years of research,
150 clonal rootstocks of apple trees were studied, including 14 forms of apple trees of
the M series, No. 34–30, No. 34–38, (England, East Malling Research Institute of
Horticulture), 12 types of the MM series (England, East Malling Research Institute and
D. Innes Research Institute of Horticulture), 10 rootstocks bred by V.I. Budagovsky, 4
rootstocks of the North Caucasian Zonal Research Institute of Horticulture and Viticul-
ture, 52 forms of the B series (Dagestan, Buynaksk Experimental Station), 18 types of
the Arm and LA series (Armenia, NIIVV and C), etc. The controls are generally recog-
nized in world practice dwarf rootstocks M9, srednerosly MM106, in the gardens of the
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seed rootstock Nedzvetsky’s apple tree. Introduced and domestic varieties and hybrids
of grapes. The genetic fund of grapes in Kazakhstan is more than 500 variety samples,
where varieties are collected from almost all viticulture regions of the world, of which
28 varieties are selected by the Research Institute of Fruit Growing and Viticulture [8].

The soils of the experimental plot are dark chestnut, low humus, the average
content of humus in the arable horizon is 2.3% with a deep occurrence of pebbles. The
soils of the experimental plots before the laying of the experiments had an average
supply of hydrolyzable nitrogen, mobile phosphorus, exchangeable potassium, zinc,
low boron, and high manganese [9].

According to the mechanical composition, the soils are medium loamy. Soil-
forming rocks are deposits represented by loess-like loamy clays, which are charac-
terized by an increased content of carbonates. The soil reaction is alkaline, pH – 7.8.

The studies were carried out according to the methodological recommendations of
the Kazakh Research Institute of Fruit Growing and Viticulture [10], All-Russian
Research Institute of Horticulture. I.V. Michurin [11], Uman Agricultural Institute
[12], scientific institutions of the Baltic Republics and Belarus [13].

3. Results and discussion

The manufacturability of the rootstock in the mother liquor of vegetatively prop-
agated sub-roots was determined by such indicators as the shoot-producing ability of
mother bushes, the absence of shoots with lateral branches, the number of rooted
shoots, the degree of rooting, and the output of standard layering.

For many years, the introduction and study of seed and clonal rootstocks of apple,
pear and stone fruit species have been carried out in the nursery and orchards.
Experimental gardens were laid in Almaty, Zhambyl, South Kazakhstan regions.
Combinations of rootstocks with apple tree varieties Aport, Zarya Alatau, Golden
Delicious, Milton, Jonathan were studied. Semi-dwarf – B 16–20.

Arm 18. Bred at the Armenian Research Institute of Viticulture, Winemaking and
Fruit Growing (Yerevan) by breeder L.A. Apoyan.

The uterine bush is undersized, bushy in shape. The height of the uterine bush is
40 cm. The rooting of the layers is excellent – 4–5 points, the diameter of the condi-
tional root collar is 8 mm. Layers are characterized by a strongly developed fibrous
root system with good regeneration after planting. The output of standard cuttings in
the mother liquor of vegetatively propagated rootstocks is 250–350 thousand pieces/
ha, or an average of 300 thousand pieces/ha, which is significantly higher than the
analogue of M9 and other clonal apple rootstocks. One of the best clonal apple root-
stocks, perfectly propagated by woody cuttings in the open field.

Apple-tree varieties Aport, Golden Delicious, Jonathan, Zarya Alatau, Milton,
Saltanat budded on Arm 18 give a high yield of standard 1-year-old seedlings, an
average of 52 thousand pcs/ha for varieties or 99% of the total number of dug seed-
lings, of which 77% first commercial grade.

The trees in the garden are stunted and smaller in size than M9, early-bearing, they
bear fruit 4–5 years after planting and subsequently are characterized by high yields.
The average yield of various varieties is 180–260 q/ha. Trees are well fixed in the soil.
The rootstock is more drought-resistant than M9.

The stock is recommended for use in Almaty, Zhambyl, and South Kazakhstan
regions.
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B7-35. Received at the Buinaksk Experimental Horticulture Station D.N. Krylov,
R.G. Tsabolov (Dagestan, Buynaksk).

The uterine bush is medium tall, bushy-pyramidal in shape. In the mother liquor,
the height of the bush is 62 cm. Rooting of cuttings takes an average of 8 years,
3–10 years after planting – 4.4 points. The uterine bushes are resistant to falling out.
From the moment of planting and during 12 years of operation of the mother liquor,
97% of the bushes were preserved, in M9 – 86%. The output of standard cuttings is
high – 237 thousand pieces/ha, which is 83% of the total number of shoots.

In the nursery, this stock has even, smooth trunks with elastic bark, which makes
budding easier. The output of seedlings in the nursery is 47,000 pieces/ha of 1-year-olds.

Apple cultivars in the orchard are characterized by moderate growth or level with
trees on M9.

Apple varieties begin to bear fruit 3–4 years after planting. The average yield of 14
18-year-old trees is 130 (Aport) and 230 q/ha (Zarya Alatau, Jonathan). Trees of
grafted varieties on this stock, unlike M9, are very firmly fixed in the soil due to the
presence of skeletal roots. A valuable feature of B7-35 is its high resistance to drought,
which is of great importance for a dwarf rootstock under irrigated fruit growing.

For high economic and biological indicators, the dwarf apple rootstock B7-35 is
recommended for use in Almaty, Zhambyl, and South Kazakhstan regions.
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62-396. Selections of the Department of Fruit Growing of the Michurinsk State
Agrarian University, selected from the hybrid fund of V.I. Budagovsky and others
(Russia, Michurinsk).

The dwarf rootstock of the apple tree has an anthocyanin coloration of leaves,
shoots, bark, wood, and roots inherited from the Nedzvetsky apple tree – a local
species of Kazakhstan.

In the mother liquor of clonal rootstocks of apple tree 62–396, it is characterized by
excellent rooting of shoots – 4.7 points and a high yield of standard cuttings – 260,000
pieces/ha, which is four times more than M9. Thanks to good rooting of the shoots and
a powerful fibrous root system, they take root well and grow intensively in the
nursery, which makes it possible to obtain a high yield of standard seedlings.

The height and size of trees on this rootstock are 14–28% lower than on M9,
depending on the variety. They begin to bear fruit 4–5 years after planting. The
average yield of various varieties is 150–220 q/ha. Under-howl is very drought-
resistant and winter-hardy, having inherited valuable traits from Nedzwiecki’s apple
tree. The rootstock can be successfully used in the northern regions of Kazakhstan.

Since 1998, the stock has been included in the State Register of the Republic of
Kazakhstan and approved for use in Almaty, Zhambyl, South Kazakhstan regions.

Employees of the nursery laboratory, as a result of crossing clonal rootstocks with
the Nedzvetsky apple tree, received a series (seven forms) of new low-growing
vegetatively propagated rootstocks called “Zhetysu.” The rootstock Zhetysu 5 turned
out to be promising for production.

Zhetysu 5. Selections of LLP “KazNII of fruit growing and viticulture.”
The shoots of the rootstock Zhetysu 5 are characterized by very high rooting in the

mother liquor – 4.4 points. The output of standard cuttings is very high – 321,000
pieces/ha. Thanks to a powerful root system, they take root well and grow intensively
in the nursery, which makes it possible to obtain a high yield of standard seedlings.
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The height of 14-year-old Golden Delicious apple trees under irrigated conditions
in the foothill zone is 3.2 m, which is 20% higher than on M9, the crown width is
2.3 m, the projection area is 4.1 m2, and the volume is 6.0 m3.

The apple-tree variety Golden Delicious on the rootstock Zhetysu 5 begins to bear
fruit 5 years after planting. The average yield of Golden Delicious trees is 171.5 q/ha.
Rootstock is very drought-tolerant. It is a promising semi-dwarf apple rootstock for
the conditions of the south-east of Kazakhstan.

Variety Aport gave the highest total yield on a dwarf rootstock B 7-35 (1758 q/ha).
As seed rootstocks for the variety Aport, 22 varieties of apple trees were studied, of
which, according to positive economic and biological indicators, seedlings of the
varieties Pestrushka and Eko-numberat Extermayer stood out.

For pear varieties Forest Beauty and Talgar Beauty, low-growing seed rootstocks
were selected. It has been established that among 23 pear seed rootstocks, the East
Asian group of the Bretschneider species is characterized by an excellent root system
in the nursery, a high yield of seedlings. Variety Forest beauty on rootstocks of
Chinese origin Xiang li, Bai li, Xiao he bai li, Zi li, in comparison with the forest pear,
differs in moderate growth, compact crown (height of 6 summer trees – 1.9–2.8 m, on
forest pear – 3.1 m).

Out of 23 forms of pear clonal rootstocks, a high yield of standard offspring in the
mother liquor was obtained from quince Arm 21, No. 1, K13, Sido.

A large collection of seed and clonal rootstocks for stone fruits has been studied.
There are 36 types and forms in total. The collection of plum seed rootstocks includes
cherry plums of the North Caucasus, plums of the Mountain Pa-mir (Balzhuanskaya,
Darvazskaya), hybrids of cherry plum, and Aflatunia, felt cherry from the Far East.
The most effective rootstock for plum varieties Victoria, Stanley, was felt cherry. The
average yield for the fruiting years of the Stanley variety was 240 c/ha, of the Victoria
variety �120 c/ha.
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For cherry from the studied forms of cerapadus (VP-1, 28,888, 30,020, 31,409),
the rootstock VP-1 was isolated. Cherry cultivars Lyubskaya and Komsomolskaya
proved to be more productive on this rootstock than on Maga-lebka cherry.

New rootstocks, identified as a result of many years of work at the Kazakh
Research Institute of Fruit Growing and Viticulture, made it possible to reevaluate the
potential of a number of ancient and local varieties of the south and south-east of
Kazakhstan, such as Aport, Zarya Alatau, Salta-nat, and others. These varieties, hav-
ing excellent taste and appearance, as a rule, did not differ in consistently high yields
over the years. On new rootstocks, they gave a significantly greater economic effect
and therefore should not be discounted when determining the assortment for laying
commercial gardens and growing planting material. So, for example, the unique
variety Aport on the dwarf rootstock B7-35 exceeded by 35–45%, in terms of produc-
tivity, trees on M 9. 9 times higher than on the widespread rootstock MM106.

In 2015, a mother plant was planted with clonal rootstocks of stone fruit crops bred
by Eremina G.V. (11 forms). According to economic and biological characteristics in
the mother liquor, the forms VSV-1, Druzhba, Evrika 99 can be attributed to the
group of promising clonal rootstocks of stone fruit crops [14].

At present, the ampelographic collection is located in two different natural and climatic
zones: in the south near the city of Shymkent and in the southeast, near the city of Almaty.

Over the years of the existence of the ampelographic collection, the grape gene
pool has been drawn from 22 countries, almost from all regions of viticulture, and
amounts to more than 500 varieties, of which 28 varieties are bred by the Kazakh
Research Institute of Fruit Growing and Viticulture [15].

In the ampelographic collection, a group of oriental varieties, Taifi pink, Nimrang,
Boyan shirey, Khindogny, Khu-saine, Karaburnu, etc., is widely represented. Moldova,
Queen of Vineyards, andmany others.Western European group – varieties Aligote, Pinot
franc, Riesling, Cabernet franc, etc. American group – varieties Lydia, Isabella, Lyatis.

Also in the ampelographic collection, there are native varieties – Kuldzhinsky,
Uigursky white.

Breeding is inextricably linked with variety study, since without knowledge of
grape varieties and their characteristics, it is impossible to correctly select the source
material for breeding new varieties. The collection has a hybrid nursery, which con-
tains more than 3500 hybrid forms, from which a rigorous selection is carried out
annually according to a set of positive indicators [16].

All vineyards in Kazakhstan are located in the zone of sheltered viticulture; there-
fore, it is important to select varieties that are characterized by increased winter
hardiness suitable for growing grapes in a subclinical and even non-covering culture.
On this basis, nine varieties were selected, as well as breeders of Kazakhstan created a
group of varieties with increased winter hardiness (Samal, Almaly, Iliysky, Bereke),
which allow the cultivation of grapes in a subclinical culture.

In Kazakhstan, in recent years, epiphytoties of mildew and oidium have become
more and more frequent. As a result of the study and analysis, 12 varieties were
selected from the collection, which most fully meet modern requirements (Moldova,
December, Lyana, Rusmol, Citron Magaracha, etc.). All of these cultivars are used in
crossbreeding as parental forms to create complex disease-resistant cultivars [17].

Kazakhstan is in the phylloxera free zone. Until now, all vineyards are root-owned, so
at present, the import of foreign collectionmaterial is possible only through in vitro, and
this is associatedwith additional difficulties. In this regard, selection is underway to create
local varieties of ultra-early and early ripening, as well as varieties with high winter
hardiness and disease resistance, high yields. New varieties and hybrid forms (Kara-Koz,
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Almaty, Kyzyl Tan,Aigul, KishmishAlma-Ata,MuscatKazakhstani, etc.) in the south and
south-east of Kazakhstan are far ahead of standard varieties in terms ofmaturation.Many
of them have already been zoned and are undergoing state testing [18].

Table grape varieties

Grape variety Alma-Ata early

Year of inclusion of the variety in the State Register: 1974
Authors: Ponamarchuk V.P., Bogdanova V.S.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Madeleine Angevin.
General characteristics: Very early table variety.
Approbation signs: Bisexual flower. The berries are medium, round, light green,

golden yellow on the sunny side. The skin of the berries is thin, well-eaten, the flesh is
juicy, fleshy. The taste of berries is pleasant with a nutmeg aroma. The bushes are
medium tall, the ripening of the shoots is good.

Productivity: Productivity is 120–130c/ha, differs in good sa-horonaccumulation.
Resistance to diseases and climatic conditions:Winter hardiness is relatively

high. Disease resistance is good.
Recommendations: Zhambyl region (Table 1).

Grape variety Alma-Ata
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Year of inclusion of the variety in the State Register: 2004
Authors: Ponamarchuk V.P., Tekhneryadnova R.T.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: It was bred by the method of intraspecific hybridization from crossing

varieties Druzhba X Rizamat and subsequent individual selection.
General characteristics: Table variety of medium-late ripening period. It is

offered as a table variety for fresh consumption (Table 2).
Approbation characteristics: A cluster of large size, conical shape, medium-

dense, stem length 3 cm. The average weight of the clusters is 410 g. The berry is
large, oval shape. The color of the berries is black. The skin is rough. The consistency
of the pulp is fleshy-juicy, the juice is not colored, the taste is pleasant, harmoniously
sweet. Seeds – 2–3 pieces, seed size is medium, pear-shaped, light brown in color. The
sugar content in berry juice is 17%. Acidity �6.2 g/l. Tasting score 4.8 points.

Productivity: Productivity from a bush is 6.8 kg, productivity from 1 hectare is
165.9 q/ha.

Resistance to diseases and climatic conditions: Covering culture. Winter hardiness
is average. Disease resistance is average.

Recommendations: Zhambyl region.

Rootstocks From a
bush, pcs.

thousand
units/ha

Standard of the total
number of shoots,%

First commercial grade from
standard layers, %

M9 (St) 2.1 65 87 62

MM106 (St) 3.4 106 74 52

Arm18 11.2 353 88 52

62–396 8.3 259 85 61

B7–35 7.6 237 83 48

SPS -7 4.1 128 53 79

B16–20 6.2 194 91 52

Table 1.
Yield of standard apple cuttings depending on rootstocks (average over 8 years).

Rootstocks Output of one-year-olds

from 1 ha, thousand
pieces

Of the total number of seedlings,
%

First grade from
standard

M9 (St) 54.0 97 77

MM106 (St) 65.4 98 85

Arm 18 72.2 99 77

62–396 68.6 98 83

B7–35 64.6 99 82

B16–20 74.0 99 87

Table 2.
Influence of rootstocks on the output of standard annual apple seedlings in the nursery.

117

Rootstocks and Varieties of Fruits, Berry Crops, and Grapes, Used for Intensive Gardening…
DOI: http://dx.doi.org/10.5772/intechopen.108360



Grape variety Muscat Kazakhstani

Year of inclusion of the variety in the State Register: 2011
The authors: Ponomarchuk V.P., Tekhneryadnova R.T., Karycheva L.A.,

Smurygin A.S.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Madeleine Ange. x Muscat of Alexandria. + Muscat Uzbekistan.
General characteristics: Table variety of medium ripening period.
Approbation signs: Bisexual flower. The berries are medium and large, white,

oval, the flesh is fleshy, with a nutmeg flavor. Bushes of medium strength, shoots
ripen satisfactorily.

Productivity: Productivity average (140–160c/hectare).
Flour-grinding and baking qualities: Clusters are medium and large (180–260 g),

medium dense.
Disease and weather resistance: Disease resistance is moderate.
Recommendations: Almaty region.

Grape variety Bereke
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Year of inclusion of the variety in the State Register: 2020
Authors: Ponomarchuk V.P., Tekhneryadnova R.T., Karycheva L.A., Beketaeva L.

I., Kazybaeva S.Zh.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Northern x Ili.
General characteristics:Variety of early-medium ripening, technical direction of use.
Approbation signs: The berry is small, black, rounded. The bunch is medium,

dense. Resistant to oidium and frost. The bushes are very tall, the ripening of the
shoots is good. Recommended for making intensely colored dry and dessert wines.

Productivity: Productivity is 90–104 c/hectare.
Resistance to diseases and climatic conditions: The variety is relatively resistant

to mildew, oidium, and low temperatures.
Recommendations: Turkestan region.
Apple tree

Apple variety Ainur

Year of inclusion of the variety in the State Register: 2011
Authors: Vinovets A.D., Ostarkova L.V.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Created by the method of intraspecific hybridization of individual selec-

tion from crossing Aport x Golden Delicious.
General characteristics: Variety of autumn–winter ripening period. Winter

hardy. Disease resistant.
Approbation signs: The tree is medium-sized, the crown is round, sprawling,

medium thickened. Fruits of medium size 170–200 g, round-conical, golden yellow,
with a slight blush, sweet and sour taste, with a strong aroma, creamy flesh, juicy,
dense, tender.

Yield: Average yield 20 t/ha.
Disease and climate resistance: Drought-resistant variety. Moderately diseased.
Competitiveness: The main advantages of the variety: Winter-hardy, regular

fruiting, yield and stability of fruit formation in years with different meteorological
conditions.

Recommendations: For cultivation in Almaty, Zhambyl and Turkestan regions
(Table 3).
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Apple variety Egemen

Rootstocks Tree
height,

m

Crown projection
area,
m2

Crown volume,
m3

Average yield for the last
5 years, c/ha

Alma-Ata’s region

Aport, 20-year-old trees

Niedzwiecki (St) 4.6 14.0 28 26.2

MM106 (St) 4.0 9.6 16 29.2

B16-20 3.4 7.6 12 37.8

M 9 (St) 3.4 9.2 17 93.6

B7-35 3.4 8.8 15 129.6

Dawn of Alatau, 20-year-old trees

Niedzwiecki (St) 6.4 16.2 48 129.2

MM106 (St) 5.6 11.2 27 121.6

B16-20 5.4 14.6 35 171.4

M 9 (St) 4.6 9.4 19 226.0

B7-35 4.6 8.6 18 230.0

South Kazakhstan region

Jonathan, 19-year-old trees

Niedzwiecki (St) 4.0 12.6 22 75.6

MM106 (St) 3.6 10.2 15 107.2

B16-20 3.2 11.0 16 162.0

M 9 (St) 2.9 9.0 9 168.0

B7-35 2.8 8.2 9 160.0

Table 3.
Influence of rootstocks on height, crown habit, and productivity of apple trees.
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Year of inclusion of the variety in the State Register: 2019
Authors: Vinovets A.D., Ostarkova L.V., Nurtazina N.Yu.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Derived from seedlings of the variety Golden Delicious.
General characteristics: Variety of winter ripening. The grade differs in high

winter hardiness, plentiful annual fructification. Ripens at the end of September, lies
until April. It begins fruiting 3–4 years after planting in the garden.

Approbation signs: The tree is medium-sized. The crown is dense, rounded, the
branches are compact. The fruits are large, regular conical shape 180–200 g. With an
integumentary okrus all over the fruit.

Yield: Average yield 20 t/ha.
Disease and climatic resistance: Drought-resistant variety. Resistant to powdery

mildew and scab.
Competitiveness: The main advantages of the variety: Winter-hardy, regular

fruiting, yield and stability of fruit formation in years with different meteorological
conditions.

Recommendations: For cultivation in the Turkestan region.

Apple variety Voskhod

Year of inclusion of the variety in the State Register: 2011
Authors: Vinovets A.D., Ostarkova L.V.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Created by the method of intraspecific hybridization of individual selec-

tion from crossing Fantasia x Sinap Almaty.
General characteristics:Winter ripening, high winter hardiness. Resistant to

powdery mildew and scab. It starts fruiting 2–3 years after planting in the garden. The
yield is high.

Approbation signs: The tree is medium-sized, the crown is round, compact. The
fruits are large, up to 260 g, candilla-shaped, light yellow in color with a delicate
blush. The taste is sweet and sour, with a pleasant aroma. The pulp is white, dense,
tender, juicy, fine-grained.

Productivity: Average productivity �35 t/ha.
Disease and climate resistance: Drought-resistant variety. Moderately diseased.
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Competitiveness: The main advantages of the variety: Winter-hardy, regular
fruiting, yield and stability of fruit formation in years with different meteorological
conditions. Stored until April.

Recommendations: For cultivation in Almaty, Zhambyl and Turkestan regions.

Pear variety Talgar beauty

Year of inclusion of the variety in the State Register: 1965
Authors: Katseiko A.N.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Created by the method of intraspecific hybridization, the seedling of the

Forest Beauty from St. pollination.
General characteristics: Autumn ripening. Winter hardiness is high.
Approbation signs: The tree is medium-sized. The crown is wide-pyramidal, of

medium density. It enters fruiting in the 4th year after planting in the garden. Produc-
tivity is high. The fruits are large, elongated pear-shaped. The color is light yellowwith a
red carmine blush on the greater half of the fruit. The pulp is creamy, crispy, juicy.

Yield: Maximum yield 20.0 t/ha.
Disease and climatic resistance: Drought-resistant variety. Moderately diseased.
Competitiveness: The main advantages of the variety: Winter-hardy, regular

fruiting, yield and stability of fruit formation in years with different meteorological
conditions. Keep until January. Transportability is high.

Recommendations: For cultivation in Almaty, Zhambyl, East Kazakhstan,
Kyzylorda, and Turkestan regions.

Pear variety Fragrant
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Year of inclusion of the variety in the State Register: 1965
Authors: Katseiko A.N.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Created by the method of intraspecific hybridization, the seedling of the

Forest Beauty from St. pollination.
General characteristics: Autumn ripening. It has high winter hardiness and good

resistance to pests and diseases. It begins fruiting 5–6 years after planting in the
garden. Yield is high.

Approbation signs: The tree is medium-sized. The crown is dense, pyramidal. The
shape of the fruit is broadly pear-shaped, slightly oblique at the stalk. The color is
yellow-green, with a slight blush on the sunny side, the flesh is tender, juicy, sweet
with a strong specific aroma. Variety of winter ripening.

Yield: Maximum yield 18.0 t/ha.
Disease and climate resistance: Drought-resistant variety. Moderately diseased.
Competitiveness: The main advantages of the variety: Winter-hardy, regular

fruiting, yield and stability of fruit formation in years with different meteorological
conditions. Stored until January. Transportability is high.

Recommendations: For cultivation in Almaty, Kyzylorda regions.

Plum variety Bailyk

Year of inclusion of the variety in the State Register: 2020
Authors: Nurtazin M.T.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Created by intraspecific hybridization Renklod green from free pollination.
General characteristics: Autumn ripening, high winter hardiness. Disease

resistant.
Approbation signs: The tree is medium-sized, the crown is compressed, reverse-

middle shape. It starts fruiting 5–6 years after planting in the garden. The yield is high.
Fruits are medium, oval, purple in color, pulp: orange, juicy, medium density,
hormonally sour sweet taste.
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Yield: Maximum yield 4.8 t/ha.
Disease and climate resistance: Drought-resistant variety. Moderately diseased.
Competitiveness:Themain advantages of the variety:Winter-hardy, regular fruiting,

yield and stability of fruit formation in years with different meteorological conditions.
Recommendations: For cultivation in the Almaty region.

Plum variety Renklod Talgarsky

Year of inclusion of the variety in the State Register: 2020
Authors: Nurtazin M.T.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: from free pollination of the Edinburgh plum variety
General Characteristics: Medium early maturing variety than standard Stanley

late maturing variety. Winter hardiness and resistance to diseases and pests is good.
Approbation signs: The tree is medium-sized, spherical with a spreading crown. It

begins fruiting 4–5 years after planting in the garden. Mixed fruiting. Fruits are
medium, round purple-brown. The pulp is yellow, juicy, cartilaginous, of good sweet
and sour taste, it separates well from the stone. Variety of universal use.

Yield: Maximum yield 4.0 t/ha.
Disease and climate resistance: Drought-resistant variety. Moderately diseased.
Competitiveness:Themain advantages of the variety:Winter-hardy, regular fruiting,

yield and stability of fruit formation in years with different meteorological conditions.
Recommendations: For cultivation in the Almaty region.

Cherry variety Aigerim
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Year of inclusion of the variety in the State Register: 1996
Authors: Nurtazin M.T.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Yellow Drogana from free pollination
General characteristics: A variety of medium-late ripening, high winter hardi-

ness. Disease resistant high.
Approbation features: The tree is not large, compact, the crown is compressed,

drooping, of medium density. It starts fruiting at the age of 5, after planting in the
garden. The yield is high. The fruits are large, attractive, yellow in color, with a bright
blush. The taste is sweet and sour, with a pleasant aroma. The pulp is yellow, dense,
juicy, pleasant sweet and sour taste.

Yield: Maximum yield 20.5 t/ha.
Disease and climate resistance: Drought-resistant variety. Moderately diseased.
Competitiveness:Themain advantages of the variety:Winter-hardy, regular fruiting,

yield and stability of fruit formation in years with different meteorological conditions.
Recommendations: For cultivation in the Almaty region.

Sweet cherry variety Lyazzat

Year of inclusion of the variety in the State Register: 1999
Authors: Nurtazin M.T.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: from free pollination of Drogana yellow
General characteristics: Late ripening, high winter hardiness. Disease resistant.
Approbation signs: The tree is medium-sized, the crown is round, spreading. It

begins fruiting 5 years after planting in the garden. Yield is average. The fruits are
large, dark red, obtuse-shaped. The taste is sweet and sour, with a pleasant aroma. The
pulp is dark red, crackling, very dense, juicy.

Yield: Maximum yield 10.5 t/ha.
Disease and climate resistance: Drought-resistant variety. Moderately diseased.
Competitiveness: The main advantages of the variety: Winter-hardy, regular

fruiting, yield and stability of fruit formation in years with different meteorological
conditions.
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Recommendations: For cultivation in the Zhambyl region.

Tauly blackcurrant variety

Year of inclusion of the variety in the State Register: 2020
Authors: Kadirsizova Zh.K. Egorova G.I.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Bred by selection from seedlings of the variety Minai Shmyrev.
General characteristics: A variety of medium ripening. The variety has an

advantage in winter hardiness and resistance to powdery mildew in relation to the
standard variety “Minay Shmyrev.” There is a patent No. 572 dated 10/20/2015.

Approbation signs: The bush is medium-sized, semi-spreading. Shoots are
medium, straight. Leaves are 3-lobed, large, dark green. The leaf blade is naked,
matte, smooth, convex. Fruit raceme of medium length (5-8 cm). The berries are
large, black, rounded, the skin is medium with a dry margin. The average weight of
berries is 1.8 g, the maximum is 2.0 g. The taste of berries is sweet–sour (4.5 b) with
aroma. Versatile berries.

Productivity: Productivity is 65.0–67.0c/hectare.
Resistance to diseases and climatic conditions: Moderately affected by diseases.
Competitiveness: The main advantages of the variety: Winter-hardy, external

presentation, fruit size, regular fruiting, yield and stability of fruit formation in years
with different meteorological conditions.

Recommendations: For cultivation in the Zhambyl region.

Blackcurrant variety Gulzat
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Year of inclusion of the variety in the State Register: 2019.
Authors: Kadirsizova Zh.K., Egorova G.I.
Originator: Kazakh Research Institute of Horticulture LLP
Origin: Derived from free pollination of the currant variety Leskovitsa.
General characteristics: A variety of medium ripening. A variety of medium rip-

ening, winter-hardy, drought-resistant, resistant to powdery mildew.
Approbation signs: The bush is medium-sized, semi-spreading. Shoots are

straight, light brown. The leaves are 3-lobed, large, dark green. The leaf blade is
naked, matte, wrinkled, with blunt short teeth. The berries are large, black, round,
with a dry separation (1.7 g). The taste of berries – 4.5 points, with aroma.

Productivity: Productivity on the average 67–70c/hectare.
Resistance to diseases and climatic conditions: Moderately affected by diseases.
Competitiveness:Themain advantages of the variety:Winter-hardy, regular fruiting,

yield and stability of fruit formation in years with different meteorological conditions.
Recommendations: For cultivation in the Almaty region.
Under field conditions, variety samples are stored for 10 plants of each variety,

which makes it possible to obtain a completely objective assessment based on the
results of many years of study. The most valuable varieties and hybrids are preserved
in vitro during cold storage [19].

4. Conclusion

Currently, the gene pool of fruit tree rootstocks in Kazakhstan is 39 forms, species
and types.

The collection from various fruit growing regions of the world allows replenishing the
agrobiodiversity of fruit trees in Kazakhstan andmakes it possible to use their genetic and
biological potential in the production of fruit seedlings and createmodern gardens.

In the field gene bank of Kazakhstan, 140 technical varieties are preserved, of
which: 9 varieties with increased winter hardiness, 12 – resistant to fungal diseases;
230 table varieties, of which 18 varieties of super-early and early ripening, 50 varieties
of raisin, 28 varieties of selection of the Kazakh Research Institute of Fruit Growing
and Viticulture were selected.
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