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PREFACE
We undoubtedly know that Agriculture has the necessity for human existence. Agricultural 
development is a key to human well-being linked to the health of the environment. In 
modern times, agricultural materials and practices have been a challenging area for 
interdisciplinary studies. The very dynamic and great volume of agriculture has led us to 
write a book consisting of different scientific areas of plant science. With contributions 
by researchers from some universities of Türkiye, the presented book is designed as 14 
chapters in agricultural and natural sciences. 

Many scientific books have published in branches of agriculture and related 
areas addressing at different reader levels. We hope that the presented book containing 
reviews and researches will be a valuable source. In addition, this book also will serve 
as good reading topics in agricultural research area with those intending to inquire new 
subjects and results on agricultural and natural sciences. 

During the book project we are thankful to the authors who shared expert knowledge 
in individual chapters. In particular, many special thanks to Prof. Dr. Abidin Temizer for 
the leading role in all steps in the process. Finally, we are grateful to publisher Livre de 
Lyon for their kind interest.
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1. Introduction

Pear (Pyrus communis L.) has an important place in pome fruit species. 
It can be grown in all temperate climate regions of the world, in some 
countries with tropical and subtropical climates, in high altitude areas. 

(Jackson 2003). According to USDA Food Data Central database, 100 g pear 
fruit contains 84.1 g water, 63 kcal energy, 0.06 g nitrogen, 0.38 g protein, and 
0.16 g total lipid. Total dietary fiber is 3.1 g 100 g-1 fresh weight (FW), total 
sugar content is 9.69 g 100 g-1 FW. Fructose is the highest level (6.76 g 100 
g-1 FW). Potassium (87 mg 100 g-1 FW) is abundant mineral and followed by 
phosphorus (10 mg 100 g-1 FW), calcium (8 mg 100 g-1 FW), magnesium (5.7 mg 
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100 g-1 FW). Other trace elements are iron, zinc, copper, manganese, selenium. 
Moreover, this fruit includes vitamin C as total ascorbic acid (4.4 mg 100 g-1 
FW) and aspartic acid (0.104 g 100 g-1 FW) (FDC 2021). These nutritional 
characteristics make this fruit a product preferred by consumers. Additionally, 
juicy and sweet fruit flesh, as well as its unique aroma, is an important factor in 
the preference of the fruit by the consumers. 

In 2019, global pear production was 23,919 million ton. China, Italy and 
USA were biggest producers until 2019, the main producers ordered as China, 
USA, Argentina and Türkiye. Türkiye produced 530,723 tons and supported 
2.2% of global production in that year and in recent years, Türkiye presented 
a regular increase trend in pear production (FAO 2021). Number of bearing 
pear trees increased at a rate of 17.4%, number of non-bearing trees increased 
at a rate of 34% in Türkiye between 2010 and 2020. Increase rate was 28.7% 
in pear growing area, and 21% in yield. Naturally, the increase in production 
amount was 43.6% (TÜİK 2021). Similarly, pear export amount of Türkiye has 
increased 3.7-fold and reached to 64,585 tons since 2016. The most important 
importer countries were Russian Federation, Iraq, Romania, Bulgaria, Israel and 
Germany (ITC 2021). 

According to Janick and Paull (2008), there are more than 5000 pear 
cultivars in the world but commonly grown cultivars can vary based on the 
countries. Türkiye has a lot of pear cultivars, the most common cultivars are 
‘Deveci’, ‘Santa Maria’, ‘Ankara’, ‘Akça’ ve ‘Bartlett’. Within these cultivars, 
‘Ankara’ pear fruit has a special place with its distinctive aroma and taste, 
and long period storage possibility, as well. It is possible to find fruit of this 
cultivar on market shelf during long winter period. This chapter explains plant 
characteristics and growing conditions, orchard management as well as pest and 
diseases, postharvest handling characteristics of ‘Ankara’ pear cultivar. 

2. Plant Characteristics

2.1. Morphology

The Ankara pear plants grow upright producing columnar shape as other pear 
trees (Figure 1). Main (primary) branches are sparse while laterals are dense. 
The trunk and old branches are light gray. Trees have varying degree of vigor 
depending on the rootstock. Trees on pear and wild pear rootstocks have semi-
vigorous and vigorous growth, and the height and diameter of the trees on these 
rootstocks are about 5-6 m. Trees have weak growth on clonal dwarfing quince 
rootstocks, plant height is about 3-4 m and plant diameter is about 1.0-3.5 m 
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(Figure 2). Tree has two kinds of branches, vegetative and fruiting (Figure 3) 
(Oraman 1947).

Vegetative branches are divided into wood branches and water sprouts 
which carry vegetative buds on them. When these buds open they form leaves 
or shoots. Water sprouts arise from the dormant (latent) buds on the trunk of a 
tree or from branches that are several years old. The structure of a water sprout 
is less woody, and the distance between the buds on them is longer than the 
wood branches. Generally, they grow upright vigorously and cause crowded 
canopy. Since they prevent sunlight entering into the canopy they are usually 
cut and removed from the tree during dormant season. Wood branches form the 
framework of the tree, carrying wood and fruiting branches. Fruit branches are 
one or two years old or older branches. They can be found on the trunk, on two 
years old or older branches on the tree. Old fruit branches are usually short. Fruit 
branches could be a year-old that they are usually long and the fruits are formed 
at the tip (Özbek 1947) (Figure 3).

Figure 1. The appearance of a pear tree having a vertical growth habit 
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Figure 2. Dwarf ‘Ankara’ pear trees grafted on quince rootstock 
planted with 1.5 m distances between the trees in the rows 

 

Figure 3. The wood and fruit branches, and 
developing fruit buds in ‘Ankara’ pear cultivar 

Vegetative and fruit buds could be on short and long fruit branches. The flower 
buds are mixed that when the fruit buds open, flowers in form of a cluster and 
leaves or a shoot emerge (Figure 3). Wood buds are slender and the tip is pointed. 
Flower buds are round, swollen, plump, and the tip is slightly pointed (Özbek 
1947, 1978). 

The leaves are small, ovoid (egg-shaped), completely symmetrical, 
leathery. The upper surface is dark green and the lower surface is light green. 
The both surfaces are hairless and smooth. Leaf margin is slightly serrated. 
Petiole is long (Kiper 1937, 1941; Oraman 1947; Özbek 1947). 
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A flower cluster (a cyme) in a flower bud may consist of 3 to 9, with an 
average of 7, individual flowers. The flowers are of medium size (Dokuzoğuz 
1964). 

2.2. Fruit

The fruit is medium-large to large, round, regular and with somewhat flat calyx 
end. The fruit is 6.5-7.5 cm in diameter, 6.0-6.5 cm in length, and an average of 
150 grams in weight (Figure 4). Some fruits, however, may reach to a quite large 
size of about 300-500 grams in weight. The stem is short between 1.5 - 2.0 cm 
in length and medium thick. The stem-end depth which is located opposite the 
stalk cavity is small (Anonymous 1993). 

The skin is thin, soft, slightly rough, wax-free and slightly shiny. Skin color 
is green to dark green at harvest but changes into yellowish-green to yellow 
during ripening. The flesh is cream in color, very juicy and sweet, and melts in 
the mouth without grits and fragrant. The core is small with 5 carpels. The seeds 
are large, about 10 mm long, elongated with pointed tip, margins are dark brown 
and the center is light brown (Oraman 1947; Özbek 1947).

Figure 4. The fruit of ‘Ankara’ pear

2.3. Biology

‘Ankara’ pear is self-incompatible meaning that its own pollen cannot fertilize 
the pistil, thus another cultivar is needed for the fruit set. However, depending on 
the ecological conditions, parthenocarpy can be observed resulting in seedless 
fruits without pollination in some years. But the parthenocarpy may not be a 
continual event. A pollinizer cultivar should be planted at a rate of 1/8 in Ankara 
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pear orchards in order to get regular crop every year. The pollinizer cultivar 
should be compatible, bloom regularly every year, produce plenty of highly 
viable pollen with high germination rate. The blooming period should overlap 
with that of ‘Ankara’ pear trees. The flowers are pollinated with honeybees like 
other pears. Two to three beehives per hectare should be placed for a good fruit 
set during blooming in the orchard (Özbek 1947; Dokuzoğuz 1964).

2.4. Phenology and Yield

The budburst date of flower buds varies by years, but it is usually the second 
week or soon after in March in Ankara. Green-tip stage usually occurs by late 
March to first week of April. Blossoms, which are at the first white stage in the 
first or second week of April, begin to open in the middle or second half of April. 
Full bloom stage is reached by 4-5 days later, and the blooming is completed 
towards the end of April. In some years, flowering phenology may be earlier or 
delay for about one to two weeks depending on the weather conditions in some 
years (Dokuzoğuz 1964; Bıyık 1993). 

The fruits are commercially harvested in late September to early October 
in Ankara. The time of leaf fall varies between mid-November and early 
December. Fruit set ratio may be variable based on the years and rootstocks 
used. The fruit set being higher in one year and lower in the subsequent year may 
indicate that ‘Ankara’ pear is partially sensitive to alternate bearing which can 
be prevented by regular fertilization, irrigation, pruning and fruit thinning. On 
the other hand, ‘Ankara’ pear is a productive cultivar (Özbek 1947). On pear and 
wild pear rootstocks, trees begin to yield at the age of five to seven years. The 
yield increases until the age of fifteen. In well managed orchards, productivity 
continues at about the same level until the age of 50 and then declines. On 
quince rootstocks, trees begin to produce at the age of 3 or 4 years and reach 
to full potential at the age of 10 years. Productivity continues until the age of 
30-35 in good orchard management conditions. The average yield on large trees 
grafted on strong rootstocks ranges from 40 to 150 kg per tree and from 8.000 to 
30.000 kg per one hectare. On dwarfing rootstocks, the average yield is between 
25 and 60 kg per tree and 20.000-50.000 kg per hectare (Çelik 1988).

3. Growing Conditions of Ankara Pear Cultivar

3.1. Climatic requirements

Ankara pear trees produce high quality fruits in climates with summers having 
plenty of sunshine, hot, arid, airy and low humid air conditions. The province of 
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Ankara has ideal climatic conditions for the cultivation of this pear. Long term 
meteorological data of Ankara province indicate that the average temperature 
is between 20 and 32°C, relative humidity is between 43 and 52%, total of 
rainfall is 50 mm, and total of cloudy days is below 2.5 days in summer months 
(Özbek 1978). These climate conditions, especially the low relative humidity, 
offer great potential for growing ‘Ankara’ pear successfully. Late spring frosts 
occur in blooming period or small fruit stage, and may cause serious crop losses 
especially in orchards established on low or flat lands in Ankara province. 
There is a risk of late spring frosts until mid-May in Ankara. Fully opened 
flowers are damaged by low temperatures at -2.2°C and small fruits at -1.1°C. 
Although the trees can withstand low temperatures up to -25 and/or -30 °C 
during deep dormancy in winter extended period of severe frosts can damage 
the shoot tips. ‘Ankara’ pear cultivar has a minimum chilling requirement of 
750 hours at temperatures between 0 and 7.2°C in order to break the buds in 
spring. Ankara province provides about 2000 hours of chilling (Ünver 1994). 
Insufficient chilling may result in delayed, uneven and extended flowering 
periods of leading directly to poor fruit set and low productivity (Özbek 1947 
1978; Westwood 1993).

3.2. Soil requirements

The soil requirement of the ‘Ankara’ pear cultivar differs by the rootstocks. 
While the trees adapt well to arid conditions on wild pear rootstock the trees 
on pear or quince rootstocks need soil to have sufficient amounts of moisture. 
In general, the tree development is good and the productivity is high in deep, 
permeable, warm and nutrient-rich soils. The fruits develop irregular shape and 
gritty flesh in very dry, shallow and stony soils. Heavy and moist soils cause 
rough and tasteless flesh formation, delayed maturity and decreased storage 
life. The trees especially grafted on quince rootstocks develop lime induced 
iron chlorosis in high lime soils (Kiper 1941; Oraman 1947; Özbek 1947, 
1978).

4. Propagation and Orchard Establishment of Ankara Pear Cultivar

4.1. Propagation

Ankara pear trees are propagated by budding/grafting. Most widely used 
rootstocks are pear, wild pear and quince (Çelik 1988; Westwood 1993). 

Pear (Pyrus communis L.) rootstocks: Old Home x Farmingdale 333 
(OHxF333) is the most widely used clonal pear rootstock in Türkiye. OHxF333 
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is a semi-dwarf rootstock developed in the United States for its tolerance to 
fire blight and pear decline diseases. It is propagated by tissue culture. Pear 
seedlings are another pear rootstock. Ankara pear trees grow vigorously on pear 
seedlings. In general, pear rootstocks on which Ankara pear trees grafted are 
preferred in deep, permeable and nutrient-rich soils.

Quince (Cydonia oblonga Mill.) rootstocks: There is no graft incompatibility 
between ‘Ankara’ pear cultivar and quince rootstocks. Quince rootstocks reduce 
the vigor and the height of the grafted trees that they develop dwarf plants 
(Figure 2). Quince A and BA29 are the most commonly used rootstocks in 
Türkiye. These are clonal rootstocks. They are propagated by mound layering, 
cutting and tissue cultures. Quince seedlings are sometimes used as rootstock 
for pears. Quince rootstocks have shallow root system that they can grow in 
shallow soils. Quince plants can be used as a rootstock for Ankara pear in not too 
heavy, sandy-loamy, moderately moist and warm soils. They are not resistant to 
drought and extreme cold temperatures. In calcareous soils, Ankara pear plants 
grafted on quince rootstocks develop serious chlorosis problems. In the case of 
chlorosis, soil or foliar applications are expensive and do not have long lasting 
effect. Thus, quince plants should be preferred as a rootstock in soils without 
high lime, rich in organic matter, with good physical properties and no irrigation 
problems (Anonymous 1998).

Wild pear (Pyrus elaeagrifolia Pall.) rootstocks: Wild pear trees which are 
naturally found in the barren and mountainous areas of Central Anatolia have a 
good adaptability to especially dry climates and conditions due to their deep root 
system (Kiper 1941). Thus, they have been grafted and used as rootstock for 
‘Ankara’ pear and other pear cultivars since ancient times. Wild pear plants are 
also resistant to high lime induced chlorosis. ‘Ankara’ pear trees grafted on wild 
pears show medium to vigorous growth. Wild pear plants are seedling. Pears are 
grafted on wild pear plants grown from seeds or on the naturally grown plants 
brought from mountainous and rural areas in the nurseries. In addition, young or 
mature wild pear plants are grafted onsite with pear cultivars. 

As in other pear cultivars, the nursery plants of ‘Ankara’ cultivar should be 
free especially from common diseases and pests such as fire blight and nematodes 
(Westwood 1993). Care should be taken to use certified nursery plants when the 
orchard establishment. Certified plants labelled with blue color are verified that 
they are true to name and free from pest and diseases (Anonymous 1998). The 
growers who use this certified and labelled plants for orchard establishment are 
eligible for incentives.
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4.2. Orchard establishment

Grafted plants with one or two years old are preferred for planting. Planting layouts 
between trees can be square or rectangular arrangement. Distances between the 
tree rows and between the plants in a row are determined by the rootstock used 
and the training system applied (Westwood 1993). In standard ‘Ankara’ pear 
orchards, distances of 6x6 m, 6x7 m and 7x7 m on strong rootstocks (seedlings 
of pear or wild pear), 3x4 m and 4x4 m on semi-dwarf rootstock (OHxF333) and 
1.5x 4 m, 2x4 m and 2.5x4 m on dwarfing quince rootstocks (Quince A and BA29) 
are used between the plants in rows and between the rows, respectively. Number 
of trees planted at 6x7 m distances on pear seedling rootstocks is 230-240 per 
one-hectare orchard. However, on dwarfing quince rootstock, 1000 plants are 
planted at 2.5x4 m distances per one-hectare orchard. In high density orchards, 
permanent support systems are used. The distance between trees in the rows can 
be reduced up to 1.2 m. The distance between the rows is 4 m.  The distance 
between the plants on wild pear rootstocks in barren areas can be increased up 
to 10-15 m. For cultivation in drought conditions with no irrigation, either three 
wild pear seeds should be sown in each hole or seedling plants should be planted 
in their places in the orchard in order to develop deep and strong root system. 
The plants should be grafted onsite when the seedlings’ stems reach to desired 
thickness. One or more pollinizer cultivar should be planted for cross pollination 
and good fruit set that one tree of the pollinizer to eight of ‘Ankara’ pear trees 
should be placed in the orchards (Çelik 1988).

4.3. Planting

The time to plant bare root plants is dormant season from leaf fall in autumn to 
bud break in spring. Planting before bud break in spring is suggested in areas 
with harsh winters (Özbek 1978). Plants in containers such as pots or plastic 
bags can be planted all year round. Plants should be carefully removed from the 
container keeping the soil around the roots intact and planted immediately. Bare 
root trees should be planted before the bud swell in spring. Autumn plantings 
give better results in arid regions provided that the winters are not too harsh 
since the roots continue to grow at soil temperatures above 0°C during fall and 
winter (Özbek 1978). Thus, capillary root formations are completed until spring 
and plants start to grow with good water balance which decreases the risk of 
dying. The roots of bare root trees are pruned before planting. The purpose is to 
remove the damaged, crushed and broken root parts at the healthy spot caused 
by plant removal from nursery beds, and to remove the roots that overlap each 
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other. Nursery plants grown in containers are planted with soil, and root pruning 
is no performed (Anonymous 1998). 

Canopy pruning is also carried out on plants planted in dormant season. 
Canopy pruning is applied to create a balance between the canopy and the root 
system, to train the canopy and to eliminate apical dominance in plants that 
are not yet branched (Westwood 1993). If lateral branching is not sufficient, all 
of the branches are cut leaving four to five forks. If the plant is one-year-old 
and has no branches, then it is headed off at 75-80 cm above graft union. The 
plants with a height below 70 cm is left as it is (the top is not headed) that it is 
allowed to reach sufficient height during the season. If the top of small plants 
is headed, the branches will develop at very low levels. Unpruned plants start 
to grow fast with the help of nutrients stored in the buds and the trunk in the 
spring. But, they begin to dry since the roots are not yet able to meet the water 
needs of new shoots and leaves. Survived unpruned plants may grow but their 
shoots will not be strong and remain bare since lower buds do not grow, and the 
shoots become unstructured and unfruitful. These plants take couple of years to 
recover. Planting holes should be drilled 1-3 months before planting if possible. 
The soil is aerated and inner walls of the hole soften until planting, thus creates 
a suitable environment for better root growth. In practice, however, the holes are 
usually drilled just before the planting. Truck mounted augers or hand operated 
motorized augers can be used for drilling the holes. The depth and width of the 
hole should be minimum of two times the root volume that the holes with 40 
to 60 cm width and depth are suitable. Well composted manure should be used 
for tree planting. The use of fresh, non-composted manure is very risky that 
larvae of insects feed on the roots and give serious damages, and even cause 
plant losses. Three to five shovels of composted manure are sufficient for each 
planting hole. In addition, 75 to 100 grams of each of nitrogen (Diammonium 
Phosphate, DAP) and phosphorus (Triple Superphosphate, TSP) fertilizers are 
also placed in the holes. Manure and chemical fertilizers are mixed with the soil 
in the hole and a form of dome shape is given. The roots are placed over the 
dome. At this stage plant’s graft union should be 8-10 cm above the soil level. 
The hole is filled halfway and the soil is pressed by foot so that the roots come 
into contact with the soil. After completely filling the hole the soil is pressed 
again. A water-holding basin is created around the hole and irrigation is done 
immediately and then repeated. A stake is driven upright into the ground and the 
plant is secured by tying to the stake. The most important point is to avoid deep 
planting. Nursery plants with buried graft union in the soil develop chlorosis 
disorder later.
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5. Orchard Management

5.1. Soil cultivation

‘Ankara’ pear orchards should be plowed at a depth not more than 15 cm after 
the harvest in the fall for the soil to benefit from the winter precipitation (snow 
and rain) at a maximum rate. The soil with large clods are left as it is. The deeper 
plowing can damage the roots. Spring tillage is done as shallow cultivation at a 
depth of 8-10 cm with cultivators or disk harrows when the soil is dry enough to 
work with in February-March. Shallow cultivation is carried out with cultivators 
(such as rotary tiller) and hoeing machines especially for weed control during 
the summer (Özbek 1978).

5.2. Fertilization

Fertilization is of great importance for getting healthy plant development, 
increased yield and fruit quality fruit in ‘Ankara’ pear trees. For fertilization, soil 
samples should be taken in the orchards and sent to the lab for fertility analysis 
after the harvest. According to soil analysis results, an organic material of well 
composted manure, compost or organic material from other sources should be 
applied at a rate of 30-40 tons per hectare in the fall every 3 years in order to 
making better use of water and nutrients by improving the physical structure of 
the soil and to support the soil to a certain extent in terms of nutrients (Özbek 
1947, 1978). Organic material could be in solid or liquid form. Solid organic 
material should be spread over the soil into the tree canopy projections after 
the harvest, and should be mixed into the soil during mechanical cultivation. If 
necessary, indicated by soil analysis results, phosphorous fertilizers preferably 
as TSP (Triple Superphosphate) should be applied in 15-20 cm depth to the 
canopy projection of the trees and should be covered. Half amount of the 
nitrogenous fertilizers, indicated by soil analysis results, preferably ammonium 
sulfate should be surface-applied to the canopy projection during dormant 
season before bud burst in March, and the other half should be applied in June. 
The fertilizer should be covered with soil immediately to prevent nitrogen from 
escaping into the air. Water soluble forms of fertilizers can be applied with drip 
irrigation. Foliar applications may be used for nutrients such as iron, zinc and 
boron during the spring-summer growing period (Westwood 1993).

5.3. Irrigation

‘Ankara’ pear orchards should be irrigated adequately from May to mid-
September in ‘Ankara’ conditions. Drip irrigation technique should be used for 
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saving water and irrigation efficiency. Irrigation is recommended when 50% 
of the available water in the root zone is taken up by the plant, in other words, 
when the available water holding capacity drops to 50% (Westwood 1993).

5.4. Pruning and training

Modified central leader is a suitable training system for ‘Ankara’ pear trees. 
This system consists of a leader branch in the center and 3-5 scaffold branches 
(Özbek 1978) (Figure 5). 

The plant is headed back 75-80 cm above the graft union just after planting. 
Young shoots are formed by the buds just below the pruning cut after the plant 
growth starts in spring. At the end of the first year, the strongest upright shoot 
at the top should be selected as the leader, and 3-5 shoots developed from 
the lower parts distributed evenly around the trunk and spaced at 10-15 cm 
distances facing to different directions are selected for scaffold limbs. These 
scaffolds should have the crotch angle of 45-60o with the leader, and remaining 
branches should be removed. Secondary branches are allowed on the scaffolds 
in the following year. It should be ensured that the scaffolds are developed 
outwards, not in to the canopy. For early fruiting the excessive cuts should be 
avoided at the tip of the branches, outward facing branches should be selected 
and the crotch angles should be widened during the pruning (Westwood 1993). 
Pruning should be done regularly every year during the dormant season for a 
good yield and tree growth in mature ‘Ankara’ pear trees. Dead, unproductive-
weak branches and sprouts, if exist, causing crowed inner canopy should be 
removed during pruning. The fruits are generally formed on short fruit branches 
called spurs in ‘Ankara’ pear trees. Economic life these branches is 3-10 that 
they should be retained on the tree. Rejuvenation pruning is a canopy renewal 
in trees that have declined in fruit production and vegetative growth. It is 
appropriate to extend the rejuvenation pruning to 2-3 years since severe and 
deep cuts are made.

5.5. Fruit thinning

Excess amounts of fruits should be removed in heavy crop years in ‘Ankara’ 
pear trees. Thinning should be applied at latest in June when the fruits reach 
the diameter of 1 cm. Maximum of 2 fruits on each cluster or one fruit per 
every 20-30 leaves should be left on the tree to increase the size and quality of 
the remaining fruits on the tree. Regular crop is also warranted every year by 
thinning (Westwood 1993).
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5.6. Pest and disease management

Some of these diseases and pests all pear cultivars as well as for ‘Ankara’ pear 
cultivar are listed below (Anonymous 2016).

Some important diseases: Fire blight (Erwinia amylovora), pear scab, European 
pear rust, apple powdery mildew

Some important pests: Aphids, pear psylla, codling moth, apple blossom beetle

Figure 5. A pear tree trained with modified central leader system 

6. Harvest, Postharvest Handling and Storage

Studies on optimum harvest time and/or storage performans of ‘Ankara’ pear 
fruit firstly begun with Prof.Dr. Mustafa Pekmezci in 1975. As in other fruit 
species, ‘Ankara’ pear fruit should be harvested at the optimum maturity stage 
to prolong cold storage period, minimize losses and retain the fruit quality as 
in other fruit species and cultivars. Harvest maturity indices of Ankara pear as 
follow; fruits’ respiration rate is 13-15 mL CO2 kg-1h-1, flesh firmness is 56.5 
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N-69.4, total soluble solids content is 11.7-14.3% and the amount of titratable 
acidity is 0.28-0.59% malic acid equivalent (Pekmezci 1975; Tuncel & Köksal 
1986) (Figure 6). The days number after full bloom, which is another harvest 
criterion, varies between 145 and 165 days depending on the location and the 
years (Tuncel & Köksal 1986). 

The fruit should be harvested with stem after drying the dew on the fruit in 
the morning. After harvest, the fruit should be placed in clean and dry containers 
without mechanical damaging, and brought to packaging or storage facility. 

After harvest, the metabolic activity of ‘Ankara’ pear fruit increases during 
ripening period as in other pear cultivars (Saquet & Almeida 2017). Pekmezci 
(1975) reported that respiration peak reached to 17.9-19.9 mL CO2 kg-1h-1, flesh 
firmness decreased to 20.0 N-36.9 N and soluble solids content increased to 14.8-
15.2% in ‘Ankara’ pear fruit which were kept for 17-25 days at room temperature 
for ripening after harvest. The same research indicated that the fruits retain normal 
taste and sufficient ripening level until the day-191 (about 6 months) in cold 
storage at 0 °C and 85-90% relative humidity conditions. Later, however, fruits 
develop bitter taste and are not able to ripen normally. But, this problem can be 
overcome by storing the fruits in controlled atmosphere storage conditions. 

Figure 6. Ankara pear fruits before the harvest

The cold storage period of ‘Ankara’ pear fruit can change depending on ecology, 
rootstocks and genotypes (Dumanoğlu et al. 1993; Güneş et al. 2007). The 
storage period at 0 °C, regular air conditions was reported as long as 3-4 months 
for the fruit grown Mediterranean Sea region (Kurubaş & Erkan 2018). This 
period under the same storage conditions was at least six months for the fruit 
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grown Central Anatolia region. However, after longer storage period than six 
months, the fruit could not regain its ripening ability (Pekmezci 1975; Bakoğlu 
& Tuna Güneş 2014). Even if the fruit could ripe properly, sometimes it has been 
bitter taste without flavor (Bakoğlu & Tuna Güneş, 2014; Güneş et al. 2007). 
Common physiological disorders in pear fruit such as flesh browning, skin scald 
etc. which are extensively mentioned for other European pear cultivars are not 
a problem ‘Ankara’ pear fruit (Pekmezci 1975; Tuncel & Köksal 1986; Güneş 
et al. 2007; Bakoğlu & Tuna Güneş 2014). It means that the fruit of this cultivar 
isn’t sensitive physiological disorders and this is a positive characteristic rather 
than long storage period under regular air storage conditions at 0 °C. This can 
be resulted from low polyphenol oxidase activity in fruit flesh (Bakoğlu & Tuna 
Gunes 2020). 

For today, there are a lot of postharvest technology such as controlled 
atmosphere (CA) storage, modified atmosphere packaging (MAP), 
1-methylcyclopropene (1-MCP) treatments used for maintaining quality in pear 
fruit after harvest. For ‘Ankara’ pear fruit, the optimum CA storage conditions 
are 3 % O2 + 1.5 % CO2 at 0 ±1 °C for at least a storage period of seven months 
(Demirci 2003). 

As an ethylene antagonist, 1-MCP helps to delay fruit senescence with a 
longer storage and shelf life periods in most of the horticultural commodities 
(Watkins 2015). Moreover, it can retard ethylene biosynthesis, perception and 
respiration, and decrease loss in firmness and color in pear fruit after harvest 
(Mwaniki et al., 2005; Trinchero et al. 2004; Villalobos-Acuna et al., 2011a, 
2011b). The severity of 1-MCPs’ effects and 1-MCP concentrations can vary 
based on cultivars (Watkins 2015). For ‘Ankara’ pear fruit, 1-MCP concentrations 
for regular air storage conditions at 0 °C temperature can depend on ecological 
factors during fruit growth and development. For fruit from Mediterranean Sea 
region, 0.5 µL L-1 1-MCP can serve fruit quality maintaining during eight months 
at 0 °C temperature in regular air conditions (Kurubaş & Erkan 2018). However, 
for fruit from Central Anatolian Region, satisfactory 1-MCP concentrations are 
0.15 µL L-1 for a storage period of 200 days and 0.3 µL L-1 for a longer storage 
period under regular air storage conditions at 0 °C, respectively (Bakoğlu & 
Tuna Güneş 2014). 

The shelf life period of ‘Ankara’ pear fruit can reach to 15 days after 
long term cold storage either in regular air at 0 °C, and CA storage conditions 
(Bakoğlu & Tuna Güneş 2014; Horzum & Tuna Gunes 2021). CA storage (3%O2 
+ 1.5%CO2) and 1-MCP treatment (0.3 µL L-1) can individually help to keep 
skin and flesh color, health benefits such as antioxidant scavenging capacity and 
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vitamin C content in ‘Ankara’ pear fruit, however, combined effects of these 
technologies are not significant (Figure 7). It means that if there is CA storage 
possibility, it is not necessary to treat the fruit with 1-MCP for keeping quality 
parameters for a long time at least 200 days at 0 °C. 

The fruits are mostly consumed fresh fruit; however, ‘Ankara’ pear 
fruit can also be processed into dried, frozen and mashed products as well as 
molasses, pear juice, cream, carbonated drinks, and can be used in pastry and 
dessert industry.

Figure 7. The appearance of ‘Ankara’ pear fruit during shelf life period. RA: Regular 
air storage at 0°C, CA: Controlled atmosphere storage at 0°C 
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1. Introduction

Pear is a species belonging to the Rosaceae family. Within this family, 
European pear cultivars are in Pyrus communis L. which is the main 
species native to Europe. While it is distributed in Europe, North 

America, South America, Africa and Australia, Western and SouthEast Europe, 
Türkiye and Spain are widely grown places for this species (Silva et al. 2014). 
While the most known cultivars are ‘Abbè Fettèl’, ‘Anjou’, ‘Bartlett’, ‘Bosc,’ 
‘Conference,’ ‘Doyenne de Comicè,’ ‘Rocha,’ ‘Packham’s Triumph’, there are 



22    Agricultural and Natural Research & Reviews     

local cultivars based on the countries. ‘Deveci’, ‘Ankara’ and ‘Akça’ in Türkiye, 
‘Shahmiveh’ in Iran are important local cultivars. 

Pear fruit is one of two the most consumed and produced pome fruit species 
in the world. According to data of the Food and Agricultural Organization of 
United Nations for 2019, global pear production was ca. 3,919,075 tons. China 
(1.7 million ton), USA (661,340 ton), Argentina (595,427 ton) and Türkiye 
(530,723 ton) were the biggest producers. Global pear export quantity was ca. 2.7 
million ton, export value was ca. 5.5 billion US $. In this respect, China (export 
quantity 470,164 ton, export values 573,145 thousands US $) was the first and 
followed by Netherlands, Belgium and Argentina. Global import quantity was 
2.5 million ton, import value was 2,555,500 thousands ton. Indonesia, Brasil 
and Belarus were the main pear importers (FAO 2021). 

In pear fruit, water content is 82-85%, soluble solids content 14.63-
19.5%, sugars 9-11%. pH range of pulp and titratable acidity are 2.10-8.12, 
0.154-0.462% malic acid depending on the cultivars, respectively (Bell 1991). 
European pears provide higher calories and sugar content, malic and citric acids 
are dominant organic acids. In ‘Radana’ pear fruit, fructose is the major sugar 
in pulp, seeds and peel (Kolniak-Ostek 2016). Glucose, fructose, and sucrose 
in fruit are produced from sorbitol which is transferred from leaves to the fruit, 
and the composition of these four sugars plays a key role in sweetness of pear 
fruits. Phenolic acids and their derivatives are widely distributed in pear fruit 
(Li et al. 2014). Moreover, pear leaves and seed are rich in phytochemicals and 
they may be selected as a potential sources (Kolniak-Ostek 2016). Pear fruit 
can be consumed widely due to not only its unique aroma and taste but also its 
availability on the shelf for a long time. 

The European pear cultivars show a climacteric respiratory pattern 
during ripening period. Ethylene is a major factor contributing to yellowing, 
softening, and senescence behaviours (Villalobos-Acuña & Mitcham 2008). 
Most European pear cultivars requires a certain period of cold exposure to 
trigger ethylene biosynthesis for ripening which is genetically controlled 
(Hewitt et al. 2020). This period at 0°C can vary between 15 days (‘Bartlett’) 
and 90 day (‘Passa Crassane’) but ‘Bosc’ cultivar needs ethylene for ripening 
instead of a chilling period (Sugar & Einhorn 2011). European pears are 
classified as summer, autumn and winter cultivars in respect of their ripening 
seasons, differences in pear development, storability and ethylene response 
(Wang 2016). Winter cultivars can be stored more than four months under 
cold storage conditions. Other storage technologies such as controlled 
atmosphere (CA) storage and modified atmosphere packaging (MAP) help 
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to prolong of storage period upto nine months for some cultivars. However, 
some of winter cultivars show certain physiological disorders causing 
important amount of food loss after long-term storage period. Many reasons 
such as inappropriate pre-harvest ecological conditions and management 
techniques, harvesting time, insufficient cooling, storage and handling 
processes can impact the rate and severity physiological disorders. The goal 
of this chapter is to summarize common physiological disorders in pear 
fruit encountered during postharvest storage period and to review necessary 
precautions to cope with.

2. Superficial Scald

Superficial scald is caused by necrosis of hypodermal cortical tissue in the peel. 
Brown patches are visible on the peel. At low storage temperature, disorder 
can not be visual but after transferring the fruit to the room temperature, it 
becomes more visual after 24 hours or a couple of days. The appearance of 
fruit is severely afttected and resulted with decreasing market value of the fruit. 
Some cultivars such as ‘Anjou’, ‘Packham’s Triumph’, ‘Abbè Fetel’, ‘Spadona’, 
‘Bartlett’ and ‘Blanquilla’, are sensitive (Fig. 1). Superficial scald is different 
from the senescent scald. In the second one, additionally fruit appearance, fruit 
taste negatively changes, as well.

  

Figure 1. The appearance of superficial scald in ‘Bartlett’ fruit

According to the Wang (2016), development of disorder begins with damaging 
of peel cells by conjugated trienols (CTols) which are oxidation products of 
α-farnesene, a sesquiterpene compound. CTols are tocsic for cell membranes 
and cause browning of the fruit peel via polyphenol oxidase (PPO) activity. This 
mechanism has been accepted by Whitaker et al. (2009) in ‘Bartlett’, Busatto 
et al. (2021) in ‘Blanquilla’ and ‘Conference’, Giné-Bordonaba et al. (2020) in 
‘Blanquilla’ cultivars. Ethylene, which is an important plant growth regulator 
in pear ripening process, can affect the accumulation of α-farnesene in the peel 
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(Giné-Bordonaba et al. 2020; Busatto et al. 2021; Lindo-García et al., 2021). In 
‘Anjou’ pear fruit, Zhao et al. (2016) reported that the antioxidant systems in 
the peel had a functional rule on scald development by affecting the oxidation of 
α-farnesen to CTols. Larrigaudière et al. (2016) determined higher ascorbic acid 
content for higher resistance in ‘Packham Triumph’ cultivar. Ascorbic acid has a 
rule on preventing scald by inhibiting PPO activity.

Disorder’s severity depends on late harvest and over ripening, higher 
nitrogen fertilization and higher temeperature regime during fruit growth and 
development season, lower fruit calcium content, long period between harvest 
and storage, non-optimum storage temperature regime (Chen 2016; Caracciolo 
et al. 2020). However, ecological factors such as higher temperatures occurring 
during fruit growth and development in some years can prevent the positive 
effects of aforementioned precautions. 1-methylcyclopropane (1-MCP) as an 
inhibitor on ethylene perception and action can be used for maintaining quality 
after harvest in many climacteric fruit species (Sisler & Serek 1997). Long-
term storage period stimulates ethylene production in pear fruit. According 
to Giné-Bordonaba et al. (2020), 1-MCP treatment after harvest can control 
superficial scald but regaining of the ripening capacity after long-term 
storage can negatively effect. In ‘Abate Fetel’ pear fruit, 1-MCP treatment 
strongly reduces ethylene production stored at -0.5°C, inhibits softening, 
yellowing and the development of superficial scald (Vanoli et al. 2016). 
Besides 1, 2-dihydro-6-ethoxy-2, 2, 4-trimethyl-quinoline (ethoxyquin) 
and diphenylamine treatments, CA condtions at 1.5-2% oxygen (O2) helps 
to decrease the severity. In ‘Doyenne du Comice’ pear fruit, CA storage 
completely prevents the scald symtomps (Ma & Chen 2003). In recent years, 
consumer awaraness on residues in fruit and vegetables, mostly prevent using 
chemicals to control of such kind of disorders. Du et al. (2021), suggested that 
low (1%) O2 concentrations could help to prevent superficial scald instead of 
chemical control. Lower scald rates occurred in CaCl2 treated and modified 
atmosphere packed fruit than controls.

3. Senescent Scald

Senescent scald is different from superficial scald and the main reason is 
the senescent and over ripening process. ‘Bartlett’, ‘Bosc’, ‘Comice’ are 
the sensitive cultivars that have faster ripening ability during lower storage 
temperatures. Disorder begins with small brown blemishes on the peel and 
brown area spread out on the peel and inside the flesh by the progressing of 
ripening stage. It can be observed in cold storage rooms or during shelf life 
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periods after a certain cold storage periods. Unfavorable aroma and taste 
develops, peel becomes thin but flesh can be still hard. The fruit can not regain 
it is ripening capability after cold storage. All storage technologies preventing 
the ripening and senescence decreases senescence scald. These are CA and MA 
storage, treatments with some plant growth regulators such as 1-MCP, AVG, 
harvest at optimum maturity, cooling as soon as possible after harvest (Wang 
& Sugar 2015; Wang et al. 2016). In ‘Bosc’ pear fruit, 1-MCP treatments 
inhibit ethylene production and respiration rate, retard the degradation of 
chlorophyll and titratable acidity, and extend storage quality, decreased decay 
rates depending on ripening and senescence; but inhibited ripening capacity 
(Xie et al. 2017).’Ankara’ pear in an important local Turkish cultivar and late 
harvest triggers senescent scald in this cultivar (Fig. 2). Its storage life can be 
extended upto six months but 1-MCP treatments keep fruit quality and inhibits 
senescent disorders such as scald during up to seven months at 0°C (Bakoğlu 
& Gunes 2020).

Figure 2. Senescent scald in late harvested ‘Ankara’ pear cultivars 
after 7 months at 0°C + 7 days at 20°C

4. Watercore

In this disorder, a watery transculent area occurs around the main vascular bundle 
in the fruit. Watercore develops in that watery area because intracellular spaces 
are full off water instead of air. Firstly, watercore development begins around 
core tissues and primary vascular bundles but in case of increase in severity, it 
can be flowed from the outside of the fruit. Uysal & Akçay (2020) monitored 
watercore development in on-tree ‘Deveci’ pear fruit and the external symptoms 
can occurre in this cultivar (Fig. 3). Fruit having watercore are sensitive to 
internal browning symptoms and abnormal taste development.
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Figure 3. Fruits with water-core disorder in ‘Deveci’ pear (left), internal appearance of 
fruit with and without watercore (right) (Uysal & Akçay 2020, https://dergipark.org.tr/

tr/download/article-file/1570700)

The reason of watercore development can be higher photosynthesis rate 
which causes higher production of assimilate and carbohydrate and higher 
sugar accumulation in fruit. Tissues having watercore included higher sorbitol 
and sucrose. The accumulation of sugar derivatives in the cell resulted 
with degradation of cell wall and often causes leakage of cytoplasm into 
intercellular spaces. Generally higher leaf/fruit rate, gibberellic acid treatments 
causes watercore. In some pear cultivars, watercore associated with sunburn. 
Uysal & Akçay (2020) studied in the Turkish famous cultivar ‘Deveci’ and 
determined lower calcium, magnesium, manganese, and boron values in fruit 
tissues show watercore, in the contrast, healthy tissues had higher amounts of 
these minerals. The results of this study shows that watercore problem can be 
closely related with the calcium, magnesium, manganese, and boron content of 
the fruit. In the same study, the researchers could not obtain any relationship 
between watercore severity and phosphorus, potassium, iron, zinc and copper 
content of fruit. 

5. Cork Spot

Fruit having cork spot develops irregular bumpy areas on the generally yellowish 
skin. When these fruit are peeled or cut, brown blemishes in different largeness 
and at different flesh depths are visual. Generally, the fruit show no external 
symptoms. Cork spot is common in ‘Anjou’, ‘Packham’s Triumph’, ‘Bartlett’ 
and ‘Bosc’ cultivars. Although it develops normally on-tree, it can occur during 
cold storage period and at that time it is called as “storage spot” and ‘Anjou’ is 
the most sensitive cultivar to cork spot (Fig. 4).
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Figure 4. Cork spot in ‘Anjou’ pear fruit. 
(https://pnwhandbooks.org/plantdisease/host-disease/pear-pyrus-spp-cork-spot)

Cork spot generally can be detected in the orchard or in packaging houses and 
in some cases, it is possible to meet with fruit having cork spot on the shelf. For 
‘Anjou’ pear fruit, the rate of cork spot was directly related with fruit calcium 
content and the lower calcium content of the fruit the higher cork spot rate. 
Hot and dry wheather conditions during fruit and development period often 
stimulates cork spot formation by causing water stress on the tree (Richardson 
& Lombard 1979). Similarly, cork spot rate was higher in trees having lower 
yield and lower nitrogen fertilization (Raese 1989). Fallahi & Larsen (1981) 
mentioned the effect of rootstock on cork spot development. Richardson & 
Lombard (1979) reported ‘Anjou,’ ‘Packham’s Triumph,’ ‘Bartlett,’ and ‘Bosc’ 
as sensitive cultivars. The position of the ‘Anjou’ pear fruit on the tree can 
determines the level of cork spot and fruits located on the upper side of the 
canopy can shows higher level of cork spot than fruits located base side of 
the canopy. The reason of these differences is lower nitrogen/calcium rate in 
the fruit located upper side of the canopy. Similarly, Vaz & Richardson (1985) 
putforward that fruit with higher calcium content lower cork spot rate after 
long-term storage period. Calcium sprays during earlier fruit growth and 
development period enables to lower cork spot rate in fruit. Calcium sprays in 
‘Rocha’ pear increases fruit calcium content at a rate of 12.2-38.3% (Pessoa et al. 
2021). Therefore, pre-harvest cultural applications, which results with increase 
in calcium uptake of the tree, can cause decrease in cork spot rate after harvest 
in pear fruit. The applications during fruit growth and development causing 
decrease in carbohydrate competition among fruit, shoots and leaves helped 
to decrease cork spot rate in fruit. Raese (1989) grouped these applications as 
application of right pruning techniques, especially summer pruning, limiting 
nitrogen and potassium fertilization, right rootstock selection and usage, using 
plant growth regulators.



28    Agricultural and Natural Research & Reviews     

6. Black Speck

Black speck is manifested by the uneven or irregular distribution of brown and 
dark brown spots in different size on the fruit peel and it can be a significant 
problem after long-term CA storage in ‘Anjou’ pears. Chen (2016) mentioned 
that core breakdown could be followed with black speck. Lower O2 rate as 1% 
during CA storage can induce black speck and for this reason, some protocols 
are arranged, O2> 1% during CA storage of pear fruit (Chen & Varga 1997)

7. Cortical Browning

Cortical browning is known as flesh browning, internal browning or brown heart. 
There can be a lot of different reason such as low temperature during storage or 
on-tree maturity season, unsuitable atmosphere conditions during CA storage etc. 
This disorder can take into consideration as mostly stress-induced disorder. The 
mechanism is oxidation of phenolic compounds to o-Quinone’s by PPO activity 
and cellular degradation is necessary before the browning but, according to 
Larrigaudière et al. (1998), the content of phenolic compounds and PPO activity 
level are not the limiting factors for the severity of disorder. Cortical browning 
can occur after CA storage conditions because of hypoxia caused by higher CO2 
levels (Franck et al. 2007). Additionally, it is a kind of CO2 injury and causes brown 
color and dry gaps at different sizes in cortical area but, the external appearance 
of the fruit is sound and healthy. The size of the gaps mostly depends on the CO2 
stress level. Under unsuitable CA atmosphere conditions some cultivars such as 
‘Conference’, ‘Blanquilla’, ‘Rocha’, ‘Passe Crassane’, ‘Williams Bon Chretien’, 
‘Bartlett’ and ‘Comice’ tend to develop cortical browning symptoms (Franck et 
al. 2007). In ‘Conference’ and ‘Barlett’ pear cultivars, some studies showed that 
excessive low O2 and high CO2 concentrations increased oxidation reactions by 
resulting with alcohol and acetaldehyde, besides some reactive oxygen species 
that caused oxidative decomposition in the cell membrane (Larrigaudière et al. 
2001). Wang & Sugar (2013 a,b) in ‘Conference’, ‘Bartlett’ and ‘Comice’ pear 
cultivars, determined that ascorbic acid had an important function to prevent 
browning. However, in ‘Doyenne du Comice’ cultivar, CA storage prevented 
cortex browning after four months (Ma & Chen 2003). In ‘Rocha’ pear fruit, 
dynamic controlled atmosphere storage with chlorophyll sensor can be an 
effective way to decrease flesh browning (Deuchande et al. 2016a) It seems that 
some growth regulators such as 1-MCP and AVG help to prevent browning by 
inhibiting ascorbic acid loss during storage period. Vanoli et al. (2016) reported 
that 1-MCP treatment strongly reduced ethylene production and internal 
breakdown and browning in ‘Abbe Fettel’ pear fruit. Deuchande et al. (2016b) 
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showed the when atmosphere conditions are the same with required conditions by 
the cultivar ascorbic acid degradation increased and this caused occurring of flesh 
browning. Some pre-harvest factors such as colder growing seasons become the 
fruit more sensitive to cortical browning (Franck et al. 2007). Xuan et al. (2005) 
mentioned that pre-harvest calcium and boron treatments inhibited cortical 
browning in ‘Conference’ cultivar. Moreover, crop load (Franck et al. 2007), 
delayed harvest period can effect tolerance of fruit. For the postharvest period, 
storage temperature and atmosphere composition in CA storage technology are 
the main factors affecting cortical browning. The increase of ethylene levels in 
storage room air helps to increase in cortical browning rate and severity (Bower 
et al. 2003). The effect of 1-MCP for preventing cortical browning depends on 
the cultivars (Hendges et al. 2015). Salicylic acid treatment can affect browning 
symptoms. Salicylic acid application of ‘Patharnakh’ pear fruit alleviates the rate 
of weight loss and respiration rate, decreases in decay percentage and browning 
incidence (Adhikary et al. 2021). The effect of different packaging materials 
on browning vary based on the cultivars. Corrugated fiberboard boxes can 
completely prevet the browning in ‘Punjab Beauty’ cultivar (Kaur et al. 2013). 

In recent years, consumer preference has tended to non-chemical 
treatments and, heat treatments offer an advantage as non-chemical applications 
for the consumers. Postharvest heat treatments appear to inhibit fungal decay, 
improve insect disinfections, disease and nutritional control during storage 
period (Lurie 1998; Fallik & Ilić 2021). By slowing down ripening, postharvest 
heat treatments can help to manage browning symptoms. Gunes et al. (2006) 
treated with ‘Akça’ pear fruit, an earlier Turkish local cultivar, with heat air at 
38°C for 24, 48 and 72 hours and then the researcher kept the fruit seven days at 
20°C after a month at 0°C. Heat treatment for 48 and 72 h completely prevented 
cortex browning at the end of shelf life period (Fig. 5). 

  

Figure 5. The appearance of heat treated ‘Akça’ 
pear fruit after 1 month 0°C + 7 days at 20°C 
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8.  Core Breakdown

Core breakdown is also known as senescent browning is a result of senescence 
and increased by high ethylene production triggered by low temperature during 
storage (Wang & Sugar 2015). It can be seen during storage as well as marketing 
and shelf life period. ‘Bartlett’, ‘Bosc’, ‘Comice’ are susceptible cultivars and 
fast ripening develops in these cultivars. Larrigaudière et al. (2004) reported 
that these cultivars showed increase in CO2, ethanol, and acetaldehyde in the 
tissues around the core area and core breakdown is negatively correlated with 
alcohol dehydrogenase (ADH) activity. Therefore, the affected tissues have a 
disagreeable odor and taste. Disorder begins watery, soft and brown in core 
region tissues and later extends the whole tissues of fruit and these tissues become 
black with breakdown. Fruit taste is unfavorably damaged. Core breakdown can 
be a problem in CA if the CO2 exceeds 1.0%. Low O2 (<1.5%) CA is suitable for 
‘Concorde’ pears (Drake et al. 2004).

All precautions to prevent fruit ripening and senescence will help to 
decrease the rate and severity of core breakdown in pear fruit. Some of them 
are optimum CA conditions for each cultivar, stable storage temperature, and 
harvest at optimum maturity. Additionally, application of plant growth regulators 
at pre- and postharvest period to inhibit ethylene production and action could 
help to decrease in disorder rate and severity. Aminoethoxyvinylglycine (AVG) 
and 1-MCP was reported to let to disorder control during storage period by 
inhibiting ripening and senescence in pear fruit (Villalobos-Acuña et al. 2011; 
Wang & Sugar 2015). 

9. Brown Core

Brown core known as pithy brown core, is a problem especially for ‘Anjou’ 
and ‘Bosc’ cultivars under CA storage conditions and it is the result of CO2 
injury, lower O2 condition has a stimulating effect on this disorder. According 
to Chen (2016), delaying of harvest and cooling after harvest, higher storage 
temperatures, and long CA storage can increase the incidence. Physiological 
mechanism of this disorder is inhibition of succinic dehydrogenase activity by 
high CO2, degeneration in Krebs cycle, accumulation of ethanol and acetaldehyde 
(Mattheis et al. 2013). In the last stage, membrane lipid peroxidation results 
with browning reactions (Wang et al. 2016). The first symptoms are visual entire 
of carpels and then cortex tissues around the carpels turn to brown color with dry 
appearance. Chen (2016) inhibited brown core in ‘Anjou’ cultivar by 0.15 µL L-1 
1-MCP treatment and suggested CO2 concentrations lower than 1.5%.
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10. Weight Loss and Shriveling

Shriveling occurs after a water loss at 2-3% and seriously affects the appearance 
of fruit by causing decrease in marketability. Pears harvested at the immature 
or physiological maturity stage were more sensitive to shriveling during storage 
period. This disorder directly related with relative humidity and temperature of 
a storage room in which the fruit are stored. Actually, the basis water loss from 
the pear fruit is difference between vapor pressure of the fruit and vapor pressure 
of the air surrounding the fruit. The bigger difference the faster and the higher 
water loss from the fruit. However, the peel structure and characteristics of the 
fruit are other points. As structurally, the pear fruit has lenticels on the surface 
and they generally regarded as small doors open to outside, surrounding air. 
Water loss occurs via lenticels and this phenomenon is a kind of transpiration 
generally called as lenticular transpiration. Water loss means weight loss can be 
a huge product loss after long-term storage period. It can be parallel with the 
lenticel numbers per unit area, and additionally, wax amount and wax shape 
on the skin, cuticle thickness and fruit size are the other factors affecting water 
loss and indirectly shriveling. Small fruit tend to more water loss and shriveling 
earlier than medium or large size fruit. Fruit size Generally, CA and MA storage 
technology directly inhibits it while regular air storage can increase the severity 
if proper storage temperature under proper relative humidity conditions is 
not applied. Conditions, which the fruit meet during marketing or shelf life 
period, effects the shriveling rate in pear fruit, as well. In order to prevent or 
decrease water loss, harvesting at the optimum maturity stage, creating at least 
90% relative humidity conditions and applying optimum storage temperature 
in storage rooms, fast cooling after harvest are the critical points. Different 
packaging materials, film-coating treatments investigated in recent years have 
given promising results. Coating of ‘Le Conte’ pear fruit by Arabic gum or 
essential oils decreased the decays resulted from physiological disorders and 
weight loss. CA storage counteracts the effect of higher storage temperature on 
weight loss in ‘Rocha’ pear. The reduction in weight loss under CA is likely due 
to the reduction in water loss (Gago et al. 2013). 

11. Oxygen and Carbondioxide Injury

Gas exchange status of pear fruit is one of the factors affecting the post-harvest 
life. The exchange of O2 and CO2 gases and their relationships significantly 
affect the metabolic processes of the fruit. Storage conditions can directly effcet 
gas exchange in pear fruit. CA storage conditions are widely used for pear fruit 
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and disorders during CA storage may be due to low O2. Low O2 and high CO2 
results in tissue damage because of fermentation which finally leads to cell death 
(Franck et al. 2007).

In a model revealed by Delele et al. (2019) in ‘Comice’ pear cultivar, 
fruit size affceted O2 and CO2 concentrations inside the fruit. Larger fruits had 
relatively lower O2 and higher CO2 at the fruit mass centres. Storage with very 
low O2 with an average respiration quotient equals to 3.04 in the surrounding 
air but 5.08 in the cells, the cellular O2 concentration of the fruits was lower 
than the critical concentration for ATP imbalance (0.043 kPa), so increase in 
susceptibility to hypoxia related disorders occur. In another study, significant 
impact of the fruit age on gas exchange rate was observed. As for model of Ho 
et al. (2010), ripening of the fruit increased the risk of physiological disorders, 
since increased respiration resulted in anoxia in the fruit centre even under 
typical storage conditions. In ‘Santa Maria’ pear fruit, hypoxic conditions (2 
weeks under 99.5% nitrogen) can trigger core browning and scald development 
after a shelf life period for two weeks at 20°C at begining of the cold storage 
period (Tuna Gunes unpublished data) (Fig. 6).

  

Figure 6.Early stages of core browning (left) and superficial 
scald (right) in ‘Santa Maria’ per fruit the end of the 

shelf life of two weeks at 20°C after hypoxia conditions. 

As a result of the studies on the measurement of gas exchange in fruit, it was 
revealed that since respiration in pears is an ongoing process during the storage 
period, the decreased amount of O2 during storage may cause physiological 
disorders (Ho et al. 2010). In order to prevent the damage of low O2 conditions 
during storage, coating applications seems to be applicable. Within this context, 
alginate-based nanoemulsions enriched with lemongrass essential oil or citral 
coatings in ‘Rocha’ pear (Gago et al. 2020), chitosan–beeswax/pollen grains 
coatings in ‘Le Conte’ pear (Sultan et al. 2021), edible coatings based on whey 
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protein isolate and essential oils (lemon and lemongrass) in fresh-cut pears 
(Galus et al. 2021), and chitosan coatings alone (1.0 and 2.0 %) or combined 
with 2.0 mM salicylic acid in ‘Punjab Beauty’ pear (Sinha et al. 2021) can 
successfully help to decrease in physiological disorders. 

12. Freezing Injury

Freezing injury can occur when fruit are stored under freezing temperature 
(-1.1°C). It causes a wet appearance earlier on the peel. However, irregular 
temperature regime stimulates freezing injury symptoms. Fruit with low soluble 
solids content are more susceptible.

13. Conclusions

Our research describes the production quantities, fruit quality values, the 
introduction of postharvest physiological disorders, the causes of damage and 
their control in European pear (Pyrus communis L.) cultivars. Many European 
pear cultivars are susceptible to post-harvest physiological disorders and the 
results of scientific studies suggest a number of pre and postharvest treatments 
for disorder control. However, not only cultivar susceptibility but also fruit 
physiological stage, harvest ime and maturity are important markers to cope 
with the disorders in order to fight food loss. In order to fully understand and 
eliminate postharvest physiological disorders, susceptibility of new genetic 
materials should be questioned in breeding studies. Although there are many 
studies on the effect of different factors in physiological disorders, there are 
few studies explaining the crosstalk between storage conditions and different 
ecological conditions during fruit growth and development in respect of 
susceptibility to disorders. Moreover, in recent years, global climate change 
can effect fruit yield and quality but still the effect of global climate change on 
physiological disorders in pear fruit is unclear. The future research can help to 
take into consideration the precautions. 
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1. Introduction

The push for fruit demand in parallel to increasing world population 
causes an increase in orchard acreage, especially in underdeveloped and 
developing countries. Every year, countless nursery-produced trees are 

planted around the world. 
An orchard can be planted with ‘bench-grafts’, ‘sleeping eyes’ and ‘one-

year-old bench-grafted’ nursery-produced tree types (Figure 1). The propagation 
methods of these tree types have been described in detail by Barritt (1992) and 
Garner (1988). A ‘bench-graft’ tree is comprised of rootstock that bench-grafted 
with a piece of dormant scion wood. The ‘sleeping-eyes’ are rootstocks budded 
in the late summer. The ‘one-year-old bench-grafted’ trees are bench-grafts 
grown one season in the nursery.

However, much of today’s orchards are planted with one-year-old and 
two-year-old nursery-produced trees (Kaplan & Baryla 2006, Lanar et al. 2019). 
A ‘one-year-old budded tree, also called as ‘maiden’ tree begins as the sleeping 
eye, and scion bud is allowed to grow one growing season in the nursery 
(Kaplan 2010). In two-year-old nursery tree production, the same procedures are 
followed in the first year as conducted in one-year-old bench-grafted trees (Atay 
& Koyuncu 2013a). In the following year, different approaches (e.g. knipboom 
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(Figure 2a) and fruitful tree (Figure 2b)) can be applied to shape the trees in the 
nursery (Atay & Koyuncu 2016). If a bud grafting in place is used instead of a 
bench-grafting in indoors, producing two-year-old trees could last three years 
(Kaplan & Baryla 2006, Lipecki et al. 2013).

Fig. 1. From left to right: typical ‘bench-grafted’, ‘sleeping-eyes’ and ‘one-year-old 
bench-grafted’ apple nursery trees. Arrow indicates grafting point. Note that all of the 

tree types have a weak root development.

Fig. 2. Branched two-year-old apple nursery-produced trees exemplifying (a) knip-
boom (with one-year-old crown) and (b) fruitful (with two-year-old crown) types. Note 

that long laterals are in the basal (basitonic branching) and top (acrotonic branching) 
parts in knipboom and fruitful trees, respectively. Fruitful tree with shorter lateral 

branches tend to be longer than the knipboom tree. However, both types are thicker, 
longer and have more branches, compared to one-year-old trees.
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Depending on the growing conditions and genetic inheritance, ‘one-year-old 
bench-grafted’ trees can sometimes produce sylleptic shoots (i.e. feathers - 
hereafter referred to as branches). ‘One-year-old budded’ trees are generally 
unbranched termed as one-year-old ‘whips’ (i.e. single stem trees) (Barden & 
Neilsen 2003) (Figure 3a) and sometimes branched (Radivojevic et al. 2015) 
(Figure 3b). Two-year-old trees, in general, produce more branches than 
one-year-old trees (Wertheim & Webster 2003). Regardless of how they are 
propagated, the nursery-produced trees with few branches can be considered as 
unbranched.

Fig. 3. (a) Unbranched and (b) branched one-year-old 
budded apple trees. Note that both tree types have a similar root development.

Well-branched nursery trees simplify subsequent pruning and enhance early 
yield (Gudarowska & Szewczuk 2004, Sosna 2016). For this reason, it has been 
a vast amount of research on lateral branching induction in the nursery (Williams 
& Billingsly 1970, Quinlan 1976, Basak et al. 1993, Jaumien et al. 1993, Hrotko 
et al. 1996, Sadowski et al. 2007, Gastol et al. 2012, Atay & Koyuncu 2013a, 
Atay & Koyuncu 2016, Lordan et al. 2017).

When orchards are planted with unbranched ‘one-year-old bench-grafted’ 
and ‘one-year-old budded’ nursery-produced trees, which are most likely 
represented nursery tree types when considering the all fruit tree species and 
cultivars, an unwanted tree shape may occur due to incorrect pruning approaches.

Most fruit growers perform heading cuts to unbranched trees at planting 
(Figure 4a) to improve branching (Quinlan & Tobutt 1990, Forshey et al. 1992, 
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Wertheim 2005). It wipes off potential fruiting laterals on the top of the leader 
(Atay & Koyuncu 2013a). The heading cuts may have been carried out earlier 
to reduce storage and transport costs of nursery-produced trees, which costs 
are pretty high-priced in some areas. This type of cuts generally results with 
the generation of hardened, competitive and narrow-angled proleptic branches 
generated only by a few numbers of buds in the vicinity of the cuts (Forshey et 
al. 1992, Hoying et al. 2001, Atay 2017a) (Figure 4b and Figure 4c). However, 
at the whole-tree level, pruning results in narrowed trunk diameter (i.e. weaker 
secondary growth), shorter trees (i.e. weaker primary growth) and weakened 
roots (Mika et al. 2003, Atay 2017b). This effect is the result of both the removal 
of tree reserves and the reduction of potential leaf area by pruning (Ferree & 
Schupp 2003), which delays precocity of fruiting and hit potential profit. 

Fig. 4. Effects of heading in the orchard. (a) Heading an unbranched one-year-old 
tree at planting time. (b) Overly vigorous and upright proleptic branches with narrow 

crotches below the cut in response to heading in walnut at the end of the first leaf. 
(c) The response of a sweet cherry tree to heading in the long-term. The black arrow 
shows the heading cut point in the first leaf (at planting), and the red arrow shows the 

second heading cut point in the second leaf. Note that since there were few branches in 
the first leaf of a sweet cherry tree, a second heading (resulting with competitive lateral 

branches) cut made the following leaf, approximately 15 cm above the first leaf’s 
cutting point.

It is vital to use proven pruning strategies to trees at planting and the following 
years to reach the optimum yield and tree shape targeted. Thus, structuring of 
young trees has a long-lasting effect over orchard life. An inappropriate pruning 
in young orchards can have quite adverse effects on long-term performance. 
When an orchard is planted with well-branched nursery-produced trees, the 
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need to induce branching is no longer valid because of the already established 
tree shape. When bench-grafts and sleeping-eyes are used at planting, knipboom 
and fruitful tree methods could be used to promote branching under orchard 
conditions. An enhance branching can be expected on knipboom and fruitful 
tree methods. Thus, orchard conditions provide more planting distances than 
nurseries, which confers more resources (e.g. light and nutrient) for growth. 
Indeed, it is possible to increase the number of branches by reducing the area in 
the shade (Wilson 2000).

One of the primary goals of a modern fruit grower is to obtain a high 
yield in the early years of planting and cover the infrastructure costs sooner 
(Forshey et al. 1992). Well-branched nursery-produced trees have a pivotal role 
in optimizing yield to achieve this goal (Vanderzande et al. 2016). Thus, the 
use of high-quality branched nursery-produced trees is particularly common in 
European countries where horticultural practices are relatively advanced. 

However, commercially produced nursery trees often lack branches or they 
are unevenly branched, making initial training decisions hard and delaying early 
cropping (Mahdavi et al. 2020). Besides, the tree crop industry and nursery 
sector desire to decrease the production and transportation costs of nursery trees. 
The nursery companies will probably focus on the production of small-calliper, 
unbranched nursery trees. This study overviews not only already available 
information, but also recommends new and less known pruning approaches 
that are well-tested in the young orchards of Türkiye, one of the world’s largest 
fruit-producing countries. Thus, according to the latest data (2019) of the Food 
and Agriculture Organization of the United Nations (FAO), Türkiye ranked first 
for sweet cherry, third for apple and fourth for walnut in terms of production 
quantity globally (FAO 2021). Besides economic, environmental and nutritional 
factors, less common nursery tree types (e.g. interstock trees and high grafted 
rootstocks) and other fruit species are beyond the scope of this book chapter.

2. Well-Tested Approaches for The Augmenting Branching of 
Unbranched Nursery Trees Under Orchard Conditions

2.1. Spur apple and walnut cultivars

Our observations are based on spur type ‘Red Delicious’ apple cultivars 
onto M.26, MM.106 and MM.111 clonal rootstocks, and ‘Şebin’, ‘Bilecik’, 
‘Franquette’ and ‘Chandler’ walnut cultivars on seedling rootstock (Juglans 
regia).
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2.1.1. First leaf (Planting Year) in spur apple and walnut cultivars

As outlined above, most of the growers prefer head-pruning the main trunk at 
planting time. According to our observations, heading at planting in spur apple 
and walnut cultivars is to be an appropriate option (Atay & Koyuncu 2012, Atay 
2017b). Thus, when they are not pruned, the buds at the top of the leader of these 
genotypes tend to develop into flower buds in the first leaf. It results in ‘spur 
bound’ indicated by weak vegetative development with numerous spur branches 
(Forshey et al. 1992).

In the training systems with a dominant central leader, a spur apple tree 
could be cut at 40 to 70 cm above the ground to strengthen and encourage 
vegetative growth in existing tree parts. In walnut, heading cut could be applied 
just above the third or fourth node (~50 cm) above ground. However, after 
heading, two different options (traditional and less common) may be considered.

In the “traditional approach”, the focus is on the proleptic branches below 
the cut point (Figure 5a). A new leader is chosen among these branches. The 
lateral branches competing with the leader are rubbed off when they reach a 
length of ~10 cm, and the remaining branches are left to grow (Atay & Koyuncu 
2013a) (Figure 5b). 

Fig. 5. Proleptic branching after heading. (a) Growing proleptic branches below the 
heading cut in the orchard. (b) A view from the tree at the end of the first leaf. Note 

that here we see quite enough branching due to (probably) using strong rootstock/scion 
combination (‘Starkrimson Delicious’/Seedling) and planting in autumn. In general, 

we see the opposite (i.e. insufficient branching) in such situations.
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In the “less known approach”, as in the knipboom method, the bud at the top is 
kept as the new leader to grow, and remaining proleptic branches at the lower 
part are disbudded (Palmer et al. 2005, Atay & Koyuncu 2016) (Figure 6). It is 
crucial to keep safe this newly growing leader against wind damage. The leader 
can be tied to a bamboo cane to prevent breaking.

Fig. 6. The newly appointed leader in ‘Scarlet Spur’/MM.106 apple tree under orchard 
conditions. The remaining proleptic branches should be rubbed off to promote the fast 
growth rate of the new leader. Note that the newly growing leader is very sensitive to 
wind damage. Besides, some insect (e.g. aphids and cutworms) and disease outbreaks, 

especially powdery mildew (Podosphaera leucotricha), can harm the growth of the 
new leader severely.

Sylleptic branches can be expected to generate on this newly appointed leader. 
However, it is generally weak because of transplanting shock that decreases tree 
growth in the first leaf. Indeed, sylleptic branching occurs under fast growth rate 
conditions (Tworkoski & Miller 2007).

The first leaf could be considered as the invigoration period of trees. There 
is an equilibrium between the root and top of the trees (i.e. root: shoot balance) 
when they are in the nursery (Ferree & Schupp 2003). However, this equilibrium 
is disrupted, resulting in root: shoot ratio decrease, when trees are lifted from 
the nursery. This shock intensifies when the root system is not remained damp 
from lifting to delivery.

Notching on this stage (i.e. in the growing season) is not recommended 
because the branches in response to notching grow with too narrow-crotch angle 
and can compete with the leader (Figure 7). Shoot tip removal in summer can 
push the trees to encourage sylleptic laterals by interrupting apical dominance. 
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Apical dominance effect of shoot apex suppresses lateral bud outgrowth (Cline 
1997). However, according to our own experience, shoot tip removal (just 
like notching) in summer leads to undesirable tree shape by resulting narrow-
crotched laterals and bent leader. Therefore, there is no need to mention more on 
shoot tip removal here.

Fig. 7. Notching cut in summer and pushed sylleptic lateral branches in apple. (a) 
Notching of the leader applied in late June. (b) Induction of a competitor sylleptic 

branch in early July in response to notching. (c) A view from the narrow-angled and 
competitor sylleptic lateral branches in September.

Especially in walnut, the newly appointed leader, whose competitors have been 
removed, may show excessive vegetative growth. It leads to an augmentation in 
the length of the internode and prevents hardening. This kind of growth prevents 
targeted branching in the next season. Besides, the absence of hardening increases 
damage risk in the winter. In our experience, leaf removal (i.e. deblading) is one 
of the most useful methods to reduce leader vigour and increase hardening off 
(Figure 8). Indeed, leaf removing is a cultural practice that increases sylleptic 
branching by overcoming apical dominance in the fruit-tree nursery (Volz et al. 
1994, Neri et al. 2004, Atay & Koyuncu 2013b). Different techniques such as 
leaf tearing-off (Jung & Lee 2008) and pinching (Lanar et al. 2019) that cut-
off some part of the youngest leaf blades, while the growing shoot tip remains 
intact, are available. These techniques have similar effects to leaf removing to 
circumvent apical dominance.
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Fig. 8. Leaf removal in order to shorten tree height and increase the hardening off. (a) 
Removing the immature apical leaflets on the leader of an apple nursery tree while 
the growing shoot tip stays untouched. The response of (b) apple and (c) walnut to 

leaf removal. Note that leaf removal can be done repeatedly with 7 to 10-day intervals 
depending on the vigour of the leader.

2.1.2. Second leaf in spur apple and walnut cultivars

All long branches are renewed by bevel cuts (i.e. Dutch cuts), and any procedure 
is not applied on short laterals (i.e. spur and brindles) (Atay & Koyuncu 2013a). 
Proleptic branches are expected to generate in response to bevel cuts in the 
following growth season (Lauri & Lespinasse 2000). Spur apple cultivars, 
especially, react very positive to bevel cuts. Thus, natural extinction is very 
rare in these cultivars (Atay & Koyuncu 2012). The branch with the widest 
angle among the branches in response to renewal cut is to be chosen. It is a 
constructive way to get wide-angle branches for spur cultivars. Otherwise, the 
branching habit of spur cultivars is not suitable for spreading (explained below).

Indeed, both spur apple and walnut cultivars cannot show enough branching 
in the first leaf. The information mentioned here would be helpful to ensure 
homogeneity between trees at the end of the second leaf. 

In addition to bevel cuts, a light heading cut (~15 cm) at the top of the 
leader is recommended in both species. This light cut can encourage vegetative 
growth moderately and prevent ‘spur bound’ at the top (Figure 9).
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Fig. 9. A view of the leader of non-pruned ‘Starkrimson 
Delicious’/MM.106 apple. In summer (left) and dormant season (right).

In walnut, no other pruning is to be needed afterwards.
In spur apples, additionally, nicking (or notching) and chemical branching 

agents at spring are to be recommended to impose bud-activation on the leader. Using 
nickings and chemical branching agents at spring were previously described elsewhere 
(Atay & Koyuncu 2013a). Briefly, in spring, with signs of green tips of buds, nicking 
cuts on the leader with 10 cm distances to 50-100 cm part (above ground) could be 
performed. Nicking is a small cut with a knife into the phloem without regard to the 
location relative to a bud location (Elfving & Visser 2007). Immediately after nicking 
cuts, a chemical branching agent at a high dosage (e.g. BA + GA4+7 at 5000 mg L-1 
a.i.) can be applied by a small paintbrush (Atay & Koyuncu 2013a). Trees trained to 
this approach tend to grow with a dominant central leader with the non-competitor 
branches which are well-spaced and wide-angled (Figure 10).

Fig. 10. A view from the apple and walnut trees at the end of the second leaf. (a) ‘Scar-
let Spur Delicious’/MM.106 apple. (b) ‘Chandler’/Seedling walnut.  
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When spreading limbs in spur apple cultivars, a large number of reaction 
branches can generate, especially in mature orchards (Figure 11). The above-
described approach (i.e. less known approach) encouraging horizontal growth 
instead of vertical growth in spur apple cultivars. Thus, it avoids this reaction 
branch problem before it occurs.

Fig. 11. Growing reaction branches in response to 
limb spreading in mature ‘Redchief Delicious’/MM.111 apple.

2.2. Non-spur apple and sweet cherry cultivars

Our observations on apples were experienced on some non-spur with an average 
growth habit (namely ‘Golden Delicious’, ‘Gala’, ‘Granny Smith’) and semi-
spur cultivars (namely ‘Braeburn’ and ‘Starkspur Golden Delicious’). The 
rootstock for non-spur cultivars was M.9 in the observations. Indeed, it has 
earned a reputation as an outstanding rootstock for vigorous non-spur cultivars 
(Barritt 1992). Semi-dwarfing two rootstocks, MM.106 and MM.111, were 
used for semi-spur cultivars in the observations. Sweet cherry experiences were 
based on the plant materials of ‘0900 Ziraat’ and ‘Regina’ cultivars on Mahaleb 
(Prunus mahaleb), MaxMa 14 and Mazzard (Prunus avium) rootstocks.

In our approach, whips should not be excessively large, and preferably 
have short internodes and be hardened off. Especially in genotypes grafted onto 
semi-dwarf or more vigorous rootstocks (such as MM.111, MaxMa14, Mahaleb 
and Mazzard). Moreover, especially sweet cherry whips should not be longer 
than 170 cm (preferably <150 cm). For this, it is recommended frequent leaf 
removal at the nurseries. The excessive growth of the leader of trees prevents 
the prolepsis in the second leaf, especially in sweet cherries.
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Thus, sweet cherry trees are large by nature, strong with narrow crotch 
angles, and produce long shoots with few fruiting spurs, without being properly 
managed when young (Jacyna & Lipa 2008, Long et al. 2015), especially if a 
tree is vigorous. This type of branching habit frequently ends of ‘bare’ or ‘blind’ 
wood, which limits early production (Stebbins 1992, Palmer et al. 2005) and 
stimulates undesirable vigour.

2.2.1. First leaf in non-spur apple and sweet cherry cultivars

The leader in unbranched one-year-old non-spur apple and sweet cherry trees 
should be kept un-headed at planting. As stated above, all lateral branches on 
trees should be pruned by bevel cuts at planting. 

In non-spur apple cultivars, nicking (or notching) cuts together with 
chemical branching agent applications at the green tip in spring (as described 
above as for spur cultivars) can trigger bud-activation on the leader (McArtney 
& Obermiller 2015). Especially in the cultivars on M.9 rootstock, in addition to 
proleptic branches, bourse shoots with sylleptic character generate (Figure 12). 
The bourse shoots are generated from axils of spur leaves beneath the flower 
cluster (Lauri et al. 2010, Atay 2017a).

Fig. 12. Bourse shoots generating from axils of spur leaves beneath the flower cluster 
on the one-year-old leader of ‘Golden Delicious’/M.9 apple.

Bourse shoots with sylleptic character do not occur on sweet cherries as 
in apples. However, a sweet cherry tree can have few proleptic branches. 
These branches generally cannot reach the number that can give the targeted 
tree shape. For this reason, sweet cherry trees without heading grow as a 
whip during the first leaf. Some alternative tree shaping techniques such 
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as heading (Moghadam & Zamanipour 2013), notching with (or without) 
branching agents (e.g. Promalin® (1.8% w/w BA + GA4+7) (Bennewitz et 
al. 2010), disbudding (Savini et al. 2007, Macit et al. 2017), twisting, 
scoring and sanding (Jacyna & Lipa 2008) at spring can be used. In my 
opinion, there is no need to apply such mechanical and chemical branching 
promoters in the first leaf in sweet cherry as they often show inconsistent 
results.

2.2.2. Second leaf in non-spur apple and sweet cherry cultivars

In non-spur apple cultivars, no heading cut is made in the leader as well as 
lateral branches. Since there is no heading at the first and second leaf in non-spur 
apple cultivars, the tree structuring is nearly completed at the end of the second 
leaf. Complementary pruning could be done according to the training system to 
be preferred. It is not within the scope of this book chapter.

In sweet cherries, nicking (Figure 13) accommodation with high dosage 
chemical branching agent at the green tip is recommended (Şahinoğlu et al. 
2018). No other pruning is to be needed afterwards in sweet cherry to access to 
targeted tree shape (Figure 14). 

Fig. 13. End-of-season effect of nicking cut 
applied in the green tip stage (Courtesy Ali Rıza Şahinoğlu).
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Fig. 14. Close view of spirally distributed branches on ‘0900 Ziraat’/Mahaleb sweet 
cherry trees in the second leaf (Courtesy Ali Rıza Şahinoğlu).

Scoring, a circumferential knife cut through the phloem tissue around the trunk 
(Elfving & Visser 2007), may improve branching (Long 2005). I advise not to 
apply scoring as it injures the trunk bark, leading to pathogen attacks in sweet 
cherry. If the leader is cut off in any way before the second leaf, some methods 
such as leaf removal, water and nutrient limitation could be applied to suppress 
the vigour of sweet cherry trees. Then, the procedures described above can be 
applied with a one-year delay.

3. Epilogue

In order to be successful in orchard management, it is appropriate not to fight with 
the physiological and natural growth pattern of genotypes. Thus, branching of fruit 
trees is mostly genotype-dependent. In this respect, pruning in young orchards 
is still a crucial practice that requires a comprehensive approach. The shape 
the trees will have and pruning strategies should be decided before the orchard 
establishment. Questions to guide pruning should include: Should I cut the leader 
when planting? What kind of pruning strategy should I perform in the second leaf 
and beyond? The fruit growers are still in great confusion about heading the leader 
(i.e. main trunk) while planting or not. According to our experience, covering 
the past two decades, there are complementary solutions for trees headed while 
planting or not. This book chapter suggests some well-tested unconventional 
approaches on how to prune unbranched apple, sweet cherry and walnut nursery-
produced trees during the first two years after planting to create the tree with 
a dominant central leader. When we think in this sense, approaches suggested 
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here could guide many fruit growers in an extensive area in the future and put a 
crucial benefit. There is little to no documentation on genotype-specific training 
and pruning approaches. The knowledge detailed here, which is restricted to 
apple, walnut and sweet cherry species, may be applied to other tree fruit orchards 
with some modifications. Fruit orchards should not only have the less known 
genotype-specific pruning approaches explained here, but the cultural practices 
such as irrigation, fertilization, pest control and weed control should be carried out 
thoroughly. It is also essential to not forget, orchard site must be convenient too.
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1. Introduction

Shoot and Flower Morphology in the Olive Tree

In the olive plant, the biological cycle is completed in two years, and in the 
trees, the product is formed on shoots that formed previous year (about 15 
months ago) (Varol 2016). The buds which remain dormant in the spring, 

can usually form vegetative shoots, while they bloom the following spring 
(Lavee 1998). Fernandez-Escobar et al. (1992) reported in their study that the 
physiological separation phase takes place in June-July, which is the hardening 
period of the nucleus (Figure 1). According to the phenological calendar of the 
olive tree in the Mediterranean basin, March is the period when the differentiation 
of flower buds continues, the flower petals and male organs are formed (Kaya 
2006). Pansiot and Rebour (1964) report that the resting period of olives ends in 
April. In April, the buds begin to open and flower clusters begin to shoot from 
these buds (Bozkaya 2009). In each flower, petals develop first, and after a short 
time (about a week) the sepals differ. After about 2 weeks, the formation of 
the stamen (male organ) begins, and the pistil (female organ) is the last organ, 
develops after a few days. Each inflorescence differentiation takes 4-5 weeks 
(Lavee 1998).
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Figure 1. Development of vegetative (V) and generative (G) olive eyes in winter and 
spring (layout of leaves and flowers) (source: Lavee 1998).

The olive tree flowering consists of andromonoecious inflorescences containing 
a mixture of perfect (hermaphrodite) flowers and pistil abortioned imperfect 
(male) flowers (Cuevas & Polito 2004). The olive flowers consist of a female 
organ consisting of a small, greenish Calyx, four white petals, two stamens 
with large anthers, a stigma, a short style, and an ovary containing four ovules 
(Figure 2c). Staminate (male) flowers, on the other hand, have a non-functional 
pistil as a result of pistil degeneration at varying stages of gynoecium (female) 
differentiation. Cross pollination results in earlier and higher fertilization levels 
compared to self pollination (Cuevas 1992). According to Martin (1990), as 
many as 500,000 flowers can be found on an adult Olive Tree; only 1-2% of 
these can turn into mature fruit due to intense destruction of flowers and small 
fruits as a result of competition. The anthers of olive flowers are usually large 
and contain large amounts of flower dust. After blooming, the anthers turn brown 
and are often shed together with petals (Lavee 1998) (Figure 2).

Sometimes, unusual flowers are identified on olive trees. The most common 
abnormality is the presence of 3 stamens and/or 5 petaling. Flowers with up to 6 
stamens and up to eight petals have been identified. Some cultivarstend to form 
more abnormal flowers than others. Both the flower dust and ovary of these 
flowers are usually fertile. Pollination of olive flowers is caused usually by wind 
(Morettini & Pulselli 1953).

In the study on phenological observations made by Gencer Dölek (2020); 
the beginning of inflorescence, beginning of flowering, the 25% , 50% and 75% 
of flowering, the end of the flowering phases which are shown with BBCH 
codes in Gemlik, Domat and Sarı Ulak cultivars, are classified according to 
Sanz-Cortez (2002) study (Table 1).



POLLINATION AND FRUIT SETTING IN OLIVE (Olea europeae L.)     61

Figure 2. Stages of development of the flower until the time of fertilization 
A. Petals unopened flower, B. The 4-part petal appears to have separated anthers, C. 

Full blooming, D. Flower stage, whose anthers dried, E. Fertilization stage, F. Fruit set 
stage (Lavee et al. 1996)

2. Fertilization Biology in Olive and Factors Affecting It

2.1. Climate and Nutrition

Fruit set in olives is affected by high temperature, wind, fog, precipitation and 
humidity. In the context of phenological observations in a 3-year study conducted 
by Gencer Dölek (2020), the earliest inflorescences onset and blooming were 
observed in the Sarı Ulak cultivar; the latest flowering occurred in Gemlik 
in 2017 and 2018, and in Domat in 2019. In 2018, higher temperatures were 
detected in February and March compared to the other years, which brought 
the inflorescening period earlier. The beginning of inflorence was seen in the 
Sarı Ulak cultivar at the earliest in 2018 in connection with high temperatures, 
while it was detected on April 2 in 2019, and on April 3 in 2017. The period 
from the formation of inflorescence to the fruit set ranged from 31-37 days on 
average for 3 years. The average temperature during blooming and pollination 
periods is around 20°C. Laaribi et al. (2013) on self-and free pollination of the 
Chemlali Sfax olive cultivar supports our study. Gencer Dölek (2020) found 
the period between the formation of flower inflorescence and the fruit set 35-63 
days. 
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Table 1. Images of development periods are taken as a basis the 
phenological observations and shown by BBCH codes (Gencer Dölek 2020).

Beginning of inflorescence 
(BBCH Codes: 55)

75% Blooming 
(BBCH Codes: 67)

25% Blooming 
(BBCH Codes: 63)

End of Blooming 
(BBCH Codes: 69)

50% Blooming* 
(BBCH Codes: 65)

Full blooming (BBCH=65) occurred between April 3 and May 15 on average. 
It has been determined that the bud burst occurs early due to the fact that it is 
favorable until the last ten days of March in relation to an overall temperature 
increase. The temperature, which usually begins with 25°C after April 24, is 
suitable for full blooming.

Farinelli et al. (2006) observed that self-pollination may vary over the 
years due to different cultivars of; lighting, temperature, flower bud formation 
and climate factors.

The high temperature during pollination inhibits the growth of pollen tube 
in style, reducing self-fertilization (Seifi et al. 2012). The growth and fertilization 
percentage of the pollen tube in the style is affected by temperature, but it also 
depends on the genetic trait. Periodicity, on the other hand, represents a strategic 
mechanism for maintaining nutrient reserves for significant vegetative growth and 
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for relieving biotic and abiotic stresses in environments prone to macronutrient/
micronutrient deficiencies in dry climates such as the Mediterranean Basin 
(Ayerza & Sibbett 2001). According to Beede and Goldhamer (1994), if water 
stress in trees occurs during the period of fruit set, a decrease in fruit set and an 
increase in periodicity are observed.

Rain during blooming reduces the distribution of pollen and also shortens 
the viability of pollen (Figure 3a). Dry desert winds observed from time to 
time in many aquaculture areas of the Mediterranean, although mostly due to 
their drying effect on the stigma, inhibiting the development of pollen tubes on 
the style and regressing the zygote on the ovary, can cause a decrease in yield 
(Lavee 1998). High temperatures and dry winds also affect pollen viability and 
the germination (Figure 3).

 

Figure 3. Images of pollen vitality (a) and germination (b) (Gencer Dölek, 2020)

Selak et al. (2013) reported in the study that; the low fertilization rate and low 
fruit set in plants are usually related with high and low temperatures. Higher 
temperatures increased dissonance reactions, and the pollen tubes became 
trapped somewhere between the stigma and the embryo sac.

During the blooming period of olive trees, the water requirement is high. 
During periods when winter rainfall is not stored and irrigation is not done, 
defloration occurs on olive trees that are stressed (Çeçen 1970). Lack of water in 
periods when fruit set occurs reduces the rate of fruit retention and increases the 
severity of periodicity (Beede & Goldhamer 1994).

Even if the nutritional status is unknown in many olive groves, fertilization 
programs are available. Leaf-nutrient analysis provides an indicator of the 
nutritional status of the tree and represents an important tool for determining 
fertilization requirements. The yield and the amount of nutrients removed 
through pruning can be of interest. Potassium is the most abundant element in 
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the olive fruit, and calcium the most abundant in the pruning material Nitrogen 
is the second most abundant element in both fruits and pruning material. In 
accordance with these data, surveys and experiments conducted in different 
growing areas, the main nutritional imbalances that can affect the majority of 
olive orchards are represented by potassium deficiencies, mainly in drylands, 
calcium deficiencies, expected in acidic soils, and nitrogen overfertilization, 
since it is commonly applied in fertilization programs. Iron deficiencies in 
calcareous soils and other imbalances such as boron and zinc in some areas where 
these nutrients are not available are usually local Boron excess is also common 
in some regions. Phosphorus is usually applied in fertilization programs, but it 
is very rare to achieve phosphorus deficiencies, as it is easily reused by trees and 
phosphorus removal is low (Fernandez-Escobara 2018).

2.2. Incompatibility

One of the most important problems that can affect commercial fruit production 
in olive cultivation is its self-compatibility characteristic. According to Eti 
(2009), self-incompatibility is a condition in which fertilization cannot occur 
as a result of pollination with flower dust belonging to the same cultivar, 
although sexual organs and sexual cells in a flower develop healthy. This 
condition is completely genetic and is controlled by incompatibility genes (S 
genes).

Bradley et al. (1961) found that flower pollens belonging to different 
pollinator cultivars reach to the ovary faster and perform fertilization. Lombardo 
et al. (2006) noted that the use of pollinator cultivars will benefit in some cases, 
even in cultivars that are considered self-fertile (Mete et al. 2012). 

Cuevas & Polito (1997) noted that during self-pollination, most the pollen 
tube cannot pass through the style to be fertilized and cannot reach to the ovule, 
while during cross pollination the pollen tube develops faster and passes into 
the ovary.

The shedding of male flowers in olives begins shortly after full blooming 
(Cuevas et al. 1995), and after the blooming period, the casting of unfertilized 
hermaphrodite flowers takes place (Rosati et al. 2011).

Cuevas et al. (2001) reported that if dusting design is required, the selected 
pollinator must meet certain requirements. The pollinator cultivar should 
be compatible with the main cultivar and should bloom at the same time and 
regularly. According to Palasciano et al. (2008), when choosing pollinator 
cultivars and breeding programs, the quality and quantity of live flower pollens 
produced per flower should be considered. In some cases, some cultivars may 
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be preferred as pollinators due to a more abundant and effective flower pollens 
production.

According to Cuevas & Polito (2004), the most obvious advantage of male 
flower production is the increase in the number of pollen available to ensure 
fertilization. This condition is especially important in anemophile species. A 
number of studies in olives have shown that the production and viability of 
flower pollens depends heavily on the cultivar (Rapoport 2008).

It has been reported that olive trees growing in areas where the air 
temperature reaches 41 degrees during the blooming period have seen more 
beaded fruit formation than in areas with low temperatures (Ayerza & Coates 
2004). Low pollen viability (Lavee et al. 2002), self pollination (Sibbett et al. 
1992) or generally poor pollination (Ayerza & Coates 2004) are factors that 
promote bead fruit formation in olive trees. The more inadequate fertilization, 
the higher the production of parthenocarpic fruit is observed (Sibbett et al. 1992; 
Castillo-Llanque et al. 2008).

Besnard et al. (2000) investigated inheritance and cytoplasmic diversity to 
determine the genetic basis of male infertility in wild and cultured olives grown 
in the Mediterranean Sea. Male infertility is a very common phenomenon in 
olives. The researchers noted that the male infertility trait is inherited by the 
mother.

Cuevas & Rallo (1990) noted that the proportion of full flowers in trees 
with low flower density was higher than in trees with more flowers. Guerin & 
Sedgley (2007) have explained that this situation is occerred by the fact that 
only a small number of flowers formed on the tree turn into fruit. Martins et al. 
(2006) reported that in some cases, abundant male flowers occur and there is a 
decrease in yield due to the lack of sufficient hermaphrodite flowers (Mete & 
Mısırlı 2009). 

2.3.	 Increase	the	number	of	male	flowers

Hartmann (1953) showed that winter chilling is mandatory for flower 
development. There has never been blooming in olives growing in heated 
greenhouses, where the winter chilling has been eliminated. Morettini (1951) 
reported that there is little need for chilling for differentiation to occur in flower 
buds. If chilling has been sufficient, also differentiation also occurs at high 
temperatures that are not stimulating. The sensitivity of olives to stimulating 
conditions depends on the previous year’s crop. Trees that form excess crops 
need a longer and precise chilling. In the absence of stimulating conditions, 
there is an increase in the rate of male flowers (Ulger 1997). 
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Cuevas & Polito (1997) stated to themselves that during pollination, most 
flower dust pollen tube were unable to pass through the style to have fertilization 
and reach the seed draft, while in foreign pollination, the flower dust pollen tube 
developed faster and moved to the ovary.

3. Studies on Fertilization Biology in Olives

Mete & Mısırlı (2009) carried out free pollination, self-pollination and cross-
pollination applications in order to determine the fruit set rate of Domat, 
Edincik Su, Eşek olive (Ödemiş), Kilis yaglik, Samanli, Uslu and Arbequina 
olive cultivars within the scope of their two-year experiment. The flowers 
on the inflorescences were counted and labeled while they were still in the 
balloon stage (BBCH=59). Pollens belonging to cultivars used in mutual 
pollination were obtained with the help of isolation sacs. The first pollination 
was carried out by changing the isolation sacs when 40-50% of the flowers 
in the examined cultivars opened (BBCH=65), and the second pollination 
was carried out when 70-80% of the flowers opened (BBCH=67). Full flower 
counts were made after the anthers and petals were shed, while the sacs were 
removed.

Koubouris et al. (2010) investigated the effect of three different pollination 
states (self-, cross- and free-) on the formation of shotberry (beaded fruit, seedless 
fruit = parthenocarpy) of Koroneiki, Kalamata, Mastoidis and Amigdalolia 
cultivars for three consecutive years. Low air temperature during the blooming 
period increased the formation of parthenocarpy. When the Koroneiki and 
Mastoidis cultivars were used as cross pollinators, parthenocarpyc fruit formation 
was decreased. Cross pollination of the amygdalolia cultivar with the koroneiki 
and Mastoidis cultivarsled to the formation of the lowest beaded fruit. The 
results of this study show that the tendency of parthenocarpyc fruit formation 
is affected by genetic factors and this ratio varies between different cultivars. 
Orlandi et al. (2005) reported that the effective pollination time of most olive 
cultivars in central Italy is 4 days and that olives play a very important role in 
the breeding process.

Selak et al. (2011) free pollination, self-pollination, as well as cross 
pollination with Leccino and Pendolino (Italian) cultivars were performed 
to determine the reproductivity status of the most important olive cultivars 
(Drobnica, Lastovka, Levantinka ve Oblica) in Croatia. The Italian cultivar 
Leccino has been evaluated as a successful cultivar in cross pollination for most 
Croatian cultivars. High success in cross pollination was recorded for Polantinka 
and Oblica cultivars. Lastovka, Leccino and Oblica cultivarswere also found 
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to be mutually compatible at the same time. Pinillos & Cuevas (2009) found 
that olive cultivarslocated 250 m to 500 m from Monovarietal Picual gardens 
established with a single cultivar in Spain act as pollinators and increase the 
yield of this cultivar, which is incompatible with itself.

The aim of the studies conducted by Shamer et al. (2014) in olives is to 
determine the most suitable pollinator for the Barnea cultivar. Researchers 
have concluded that the Arbequina cultivar exhibits a much lower rate of 
fruit retention, and the Barnea cultivar is almost self-pollination. It is not 
enough that flowers belonging to pollinator and pollinated cultivars are 
open at the same time. At the same time, effective pollination times should 
overlap depending on stigma receptivity and pollen viability. The Picual 
cultivar has been identified as the most important pollinator in commercial 
olive groves, even if they are far from Barnea trees. Stages of development 
of olive flower according to Shemer et al. (2014) is divided into three 
periods (Figure 4).

Figure 4. The developmental stages of the olive flower are divided into three periods: 
* pre-blooming (stages 1-3); * blooming (stages 4-7), and * post-blooming (stages 

8-12) (Shemer et al. 2014).

Korkmaz & Ak (2018) determined the self-productivity States of 5 different 
olive cultivars (Yuvarlak Halhalı, Nizip Yağlık, Domat, Gemlik and Wild) within 
the borders of Şanlıurfa. The highest fruit set rate 20 days after full flowering 
was determined in the application of Yuvarlak Halhalı X free pollination with 
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18.58%, followed by Nizip Yağlık X self-pollination with 17.52% and Gemlik 
X free pollination with 17.23%. The lowest value was obtained from the 
application of a Yuvarlak Halhalı (self-pollination) with 8.66%.

Mete et al. (2019) investigated the self-effectivity states of Saurani, Nizip 
Yağlık and Uslu cultivars by performing free pollination, cross pollination and 
self pollination applications. In the study, the Nizip Yağlık cultivar was partially 
evaluated as self-efficient. It is believed that the Memecik and Kilis Yağlık 
cultivars may be suitable pollinators for the Nizip Yağlık cultivar. The Saurani 
olive cultivar has been found to be self-efficient. Halhalı Çelebi, Gemlik, 
Memecik and Nizip Yağlık cultivars have been proposed as suitable pollinators 
to increase fruit set. A Uslu cultivar has also been identified as self-efficient. 
Gemlik, Memecik and Erkence cultivars were found to be helpful in increasing 
fruit set.

Sanchez-Estrada & Cuevas (2019) carried out self, free and cross 
pollination applications of Sevillano, Barouni, Picual, Pendolino, Mission 
cultivars in both monovarietal and multivarietal Manzanilla orchards in order 
to determine whether there is a pollination deficit in northern Mexico. The 
results confirmed that Manzanilla was incompatible with itself. Free pollination 
in the Monovarietal garden did not increase fruit set, but fruit set significantly 
increased in cross pollination applications. In addition to the low rate of pollen 
in self-pollination applications, decreased germination and delayed growth of 
pollen tube were observed from time to time, self-incompatibility reactions were 
emphasized. For the Manzanilla cultivar, the Barouni cultivar is proposed as a 
fertile pollinator.

Gencer Dölek (2020) in her three-year study on the fertilization biology of 
Gemlik, Sarı Ulak and Domat olive cultivars in Mersin province, she conducted 
free pollination, self-pollination and cross pollination applications. These 
cultivars are also the most popular olive cultivars widely cultivated in the region, 
and in this study, it was determined that if these cultivars are grown in the same 
garden, they mutually pollinate each other. The flowers on the selected branches 
of the trees were counted (BBCH=59) before the petals opened and isolated with 
agril bags that could take air, pass light, but do not pass pollen from the outside. 
Light-passing white greasy sacciform paper bags were used to obtain pollens 
that will be used in self-pollination and cross pollination applications. Using 
fresh pollens obtained 1 day after the insertion of these bags, cross pollination 
operations were performed 3 times during periods when 25%, 50% and 75% of 
the flowers in agril bags opened. 
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When a general assessment was made for all three cultivars; fruit set levels 
determined according to hermaphrodite flower in the first year, the highest 
value in terms of application averages was obtained from free pollination in 
Domat and Sarı Ulak cultivars, cross pollination with Sarı Ulak in Gemlik 
cultivar (Table 2). The lowest values were determined in self-pollination 
application in all cultivars. The highest values in terms of direction averages 
were found in the south direction of the Domat cultivar, in the east direction 
of the Gemlik cultivar and in the North direction of the Sarı Ulak cultivar, 
while the lowest values were found in the west direction of all cultivars. In the 
second year, the highest values were obtained from free pollination application 
in Gemlik cultivar and foreign pollination application with Gemlik in Sarı Ulak 
cultivar. The lowest values were found in self-pollunation application. In the 
third year, the highest values in terms of application averages were found in 
free pollination applications in Domat and Sarı Ulak cultivars, and in Gemlik 
cultivars in cross pollination applications with Sarı Ulak cultivar. The lowest 
values were determined in cross pollination applications with Gemlik in the 
Domat cultivar, in self-pollination applications with Gemlik in the Gemlik 
cultivar and in cross pollination applications with Gemlik in the Sarı Ulak 
cultivar. The highest values in terms of direction averages were obtained in 
the east direction in Domat and Gemlik cultivars and in the west direction in 
Sarı Ulak cultivars. The lowest values were found in the Western direction in 
the Domat and Gemlik cultivars, and in the southern direction in the Sarı Ulak 
cultivar (Table 2).

In terms of fruit set relative to hermaphrodite flower, it was remarkable 
that in all applications made in Domat cultivar, quite high levels of fruit 
retention values were achieved compared to the fruit retention rates obtained 
from applications made in Gemlik and Sarı Ulak cultivars (Table 2).

Gencer Dölek (2020), in the study in which evaluated the percentages 
of fruit setting according to hermaphrodite flower for all years and cultivars, 
determined that the highest values were obtained from free pollination practices 
in all cultivars and years, except Gemlik in the first and third year and Sarı Ulak 
cultivar in the second year. The lowest values were obtained in self-pollination 
applications in all cultivars in the first and second years, in Gemlik cultivars 
in self-pollination applications in the third year, and in Gemlik and Sarı Ulak 
cultivars in cross-pollination applications (Table2).
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Table 2. Fruit set levels determined according to hermaphrodite 
flower in different pollination applications in olive cultivars examined within 

the scope of the trial (%)1,2 (Gencer Dölek 2020).
Year Application North South East West Avg.

D
om

at

2017

Free pollination 24.98 27.29 27.33 17.41 24.25 A
x Domat 3.65 8.75 8.82 4.79 6.50 C
x Gemlik 8.69 8.69 9.20 6.06 8.16 C
x Sarı Ulak 17.46 21.97 17.53 16.06 18.26 B
Avg. 13.69 AB 16.68 A 15.72 A 11.08 B

2018 Alternate Bearing

2019

Free pollination 9.41 8.83 10.59 7.71 9.14 A
x Domat 3.94 4.76 7.19 3.76 4.91 BC
x Gemlik 3.70 4.48 6.02 3.26 4.37 C
x Sarı Ulak 6.80 6.84 8.03 4.49 6.54 B
Avg. 5.96 AB 6.23 AB 7.96 A 4.81 B

G
em

lik

2017

Free pollination 2.90 2.50 3.22 2.32 2.74 B
x Domat 2.04 0.98 0.99 1.21 1.31 BC
x Gemlik 0.65 0.39 0.38 0.48 0.48 C
x Sarı Ulak 10.60 6.76 12.23 6.58 9.04 A
Avg. 4.05 2.66 4.21 2.65

2018

Free pollination 4.19 3.37 3.96 2.23 3.44 A
x Domat Alternate Bearing
x Gemlik 1.48 0.86 1.55 1.16 1.26 B
x Sarı Ulak 1.20 0.95 1.88 1.89 1.48 B
Avg. 2.29 1.73 2.47 1.76

2019

Free pollination 2.33 1.14 2.90 1.71 2.02 A
x Domat 1.50 2.18 1.68 0.99 1.59 A
x Gemlik 1.05 0.03 1.42 0.28 0.69 B
x Sarı Ulak 1.97 2.22 2.33 1.65 2.04 A
Avg. 1.71 AB 1.39 B 2.09 A 1.16 B

Sa
rı

 U
la

k

2017

Free pollination 9.20 6.51 10.77 5.65 8.03 A
x Domat 4.44 4.40 1.85 3.96 3.66 B
x Gemlik 4.57 2.89 4.08 3.28 3.71 B
x Sarı Ulak 0.96 1.31 1.32 1.75 1.33 C
Avg. 4.79 3.78 4.51 3.66

2018

Free pollination 1.51 1.65 2.63 1.98 1.94 A
x Domat Alternate Bearing
x Gemlik 2.12 2.46 2.07 2.15 2.20 A
x Sarı Ulak 1.71 0.79 0.80 0.89 1.05 B
Avg. 1.78 1.63 1.83 1.68

2019

Free pollination 1.43 0.38 1.30 2.83 1.49
x Domat 1.16 0.99 1.07 1.37 1.15
x Gemlik 1.62 0.45 0.59 1.06 0.93
x Sarı Ulak 0.64 0.99 1.10 1.22 0.99
Avg. 1.21 AB 0.71 B 1.01 AB 1.62 A

1. Differences between the averages shown in separate letters in the same column were found to be 
statistically significant.
2. In 2018, the Domat cultivar was unavailable due to periodicity. 
N. S.: Not significant; *, p<0.05; **, p<0.01; *** p<0.001
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Domat-2017 

Ser.Tozla. x Domat x Gemlik x Sarı Ulak

In the graph, it was seen that there was no difference between the directions in 
the applications of the Domat cultivar, but the applications of Free Pollination 
and Pollination with Sarı Ulak gave high values.
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Ser.Tozla. x Domat x Gemlik x Sarı Ulak

In 2019, it is seen that there is no difference between the directions in terms of 
applications in the graph of the Domat cultivar, but that the foreign pollination 
applications with Free Pollination and Sarı Ulak constitute the highest values.
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In 2017, it was found that there was no difference between the directions in 
terms of applications in the graph of the Gemlik cultivar, but the North and East 
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directions gave high values in the application of foreign pollination with Sarı 
Ulak. While all applications showed similar values to each other, the highest 
fruit set was determined in the application of foreign pollination with the Sarı 
Ulak cultivar of Gemlik cultivar.
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Gemlik-2018 

Ser.Tozla. x Domat x Gemlik x Sarı Ulak

In 2018, it was observed that there was not much difference between the directions 
in terms of applications in the graph of gemlik cultivar, but that the application 
of Free Pollination had higher fruit set values than other applications.
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Ser.Tozla. x Domat x Gemlik x Sarı Ulak

In the graph of the Gemlik cultivar in 2019, it was determined that fruit set 
increased in the eastern directions in terms of applications, and there were 
similar results among other directions.
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Ser.Tozla. x Domat x Gemlik x Sarı Ulak

In 2017, the graph of the Sarı Ulak cultivar showed similar values in terms of 
applications, while the highest values were found in Free Pollination applications.
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Ser.Tozla. x Domat x Gemlik x Sarı Ulak

In 2018, it was seen that there was no difference between the directions in terms 
of applications in the graphic of the Sarı Ulak cultivar, but the Free Pollination 
application had higher fruit set values than other applications.
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In 2019, the highest fruit retention values in terms of applications were 
determined in the west direction in the graph of the Sarı Ulak cultivar, while 
similar results were seen when other directions were evaluated.

 

Figure 5. Cases related to the development of fruit in the Sarı Ulak cultivar. a. 
Normally developed and beaded fruits on the tree. b. Normal developed fruits (left), 

parthenocarpyc fruits (middle) and beaded fruits (right).

In her study on beaded fruit ratio, Gencer Dölek (2020) found the highest value 
in terms of application averages in the Sarı Ulak cultivar in the first year in Self-
pollination applications and the lowest value in cross pollination applications 
with Gemlik. In the second year, the highest values in terms of application 
averages were obtained similar to each other in the Self pollination application, 
in the cross pollination application with Domat and in the cross pollination 
application in Gemlik. The lowest value was determined from the application of 
free pollination.

4. Conclusion

There are many reasons for the lack of pollination in the wind-pollinated olive 
tree. Its:

1) Establishment of monovariate gardens with incompatible varieties
2) Lack of pollination due to ecology (such as high temperature, constant rain, 

dry wind)
3) Increase in the number of male flowers

The return of 1-2% of the flowers blooming in the olive tree to fruit means a 
good yield. However, in some years, the fact that the blooming flowers fruit set 
at less than 1% means a low yield. 
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Artificial pollination can be a successful application in order to prevent 
low yield in the olive tree. Artificial pollination has two stages: pollen collection 
and pollen spraying.
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1. Introduction

Light is an environmental factor that has significant effects on the life 
of all living things. It consists of photons, behaves like a particle and 
a wave simultaneously, and carries energy in all directions. Although 

the wavelengths that affect the human eye are fall in the range of 380-760 nm, 
plants can show responses to the broad interval of light wavelengths with their 
photoreceptors. Different wavelengths have different effects at every stage 
of the growth and development of plants. With LED (Light Emitting Diode) 
technology development, we can see that one can support plants’ needs with 
the desired wavelengths. Beyond that, we can use LED light sources to support 
or replace daylight since natural light resources are generally not under our 
control. Significant changes in soil, water, climate, and increasing food demand 
made us think profoundly about finding new and more efficient ways to grow 
plants. Thanks to recent improvements in LED technology, plant production in 
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controlled areas has gained a different dimension, and the LED technology itself 
has rapidly gained significant importance for our future.

2. World Population and Food

The world population is approximately 7.8 billion people, according to 2020 
data. More than 2 billion people do not have enough food today. Moreover, it is 
estimated that the population will approach 10 billion in 2050, which will lead 
to a 70-100% increase in food demand. In the future, hunger will emerge as a 
major problem in the world. Thus, increasing food production and efficiency is 
among the most important goals. This target will increase the pressure on natural 
resources, the ecological system, and the agriculture sector. Despite the high 
population growth, food production is not at the same rate (Anonymous 2021a). 
We use more soil, water, and other natural resources for agricultural purposes 
to reach the food demand. However, the growth rate in the sector will not be 
enough to eliminate the predicted hunger until 2050.

In plant production, 6.62 billion tons of product was acquired in   7.80 
billion hectares in 2000, and this production was increased to 9.86 billion 
tons in 11.29 billion hectares in 2020. This amount was insufficient in terms 
of food needs, and 768 million people in 2000 and 800 million in 2020 were 
among the malnourished population. Difference between the food supply and 
demand will continue to increase in the future (Godfray et al. 2010, Anonymous 
2021a, Anonymous 2021b). Figure 1 shows the population change projection of 
developed and developing countries over the years.

Fig.1. Population changes in developed and developing countries by years (Van der 
Mensbrugghe et al. 2009, Anonymous 2021a)
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In addition to the limited agricultural area, water scarcity is another future 
threatening parameter.  97.5% of the water consists of saltwater in the seas and 
oceans. Only 2.5% of the existing water is drinkable and can be used directly 
for agriculture. Furthermore, the unconscious use of water in agriculture and 
industrialization rapidly reduces our clean water resources, and globalization 
increases pollution in the water resources. Today, 18% of the world’s population 
cannot benefit from clean potable water, and it is predicted that the population 
in water-scarce regions will increase six times by 2025. Furthermore, the 
water used in agriculture is expected to increase by 17% in 2025 because of 
the increasing population and food demand (Anonymous 2021a). Our existing 
natural water resources will be insufficient to meet the amount of water needed. 
In order to meet the growing food need in the future, agricultural production 
should be done by consuming less water. At the same time, it is a necessity 
to make sustainable production. LED technologies would open doors of more 
sustainable, less water-consuming in-door plant growth.

3. Effects of Light on Plants

LEDs have a long life and high luminous efficiency. With the LEDs used in 
plant production, desired wavelengths and mixtures can be used in plant growth. 
Studies about the effects of lighting on the growth and development of plants 
are limited. These researches on this subject have increased rapidly in recent 
years. Light is a particle of energy. Their movements are in the form of waves. 
The distance between the two crests of the wave is called the wavelength. Rays 
of different wavelengths are refracted at different angles in the prism, forming 
a spectrum. The wavelengths that the human eye can see vary between 380 nm 
and 760 nm. People can see the wavelength range between these two limits 
(Erim 1999, Rabara et al. 2017). Light is one of the most critical environmental 
factors affecting plant growth and development. Artificial light sources have 
been one of the most critical issues in indoor cultivation. Plants need light not 
only for photosynthesis but also for regulating their development. The sensitivity 
of plants to light ranges from UV to far-red radiation. The stratospheric ozone 
layer and the atmosphere absorb the UV-C portion of the ultraviolet (100-280 
nm). Only UV-A (315-400 nm) and UV-B (280-315 nm) radiations can reach 
plants. The visible light spectrum (400-700 nm) is the primary wavelengths 
detected by plant photoreceptors and pigments. It consists of blue (400-500 nm) 
and red (600-700 nm), and to a lesser extent, green (500-600 nm) radiation. A 
small part of the light spectrum close to infrared radiation, such as far-red (730 
nm), is perceived by phytochromes and is vital for plant growth (Huché-Thélier 
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et al. 2016, Koç et al. 2009). The wavelengths and activities of the light that are 
effective in plant growth are shown in Figure 2. 

Fig.2. Wavelengths, spectrum of effective light 
in plant growth (Anonymous 2021c).

Sunlight is an environmental factor that affects the physiology and behavior 
of most organisms. In plants, especially during photosynthesis, light energy 
is converted into chemical energy stored as carbohydrates. Light is very 
effective in plant movements, reproduction, and germination. Adaptation to 
light conditions is very effective in the healthy growth of plants. In limited light 
conditions, the plant can optimize photosynthesis with the orientation of the 
leaf and chloroplast towards the light. In high light intensity and UV-B light 
conditions, plants prevent damage by removing the chloroplast and nucleus 
(nucleus) from light and synthesizing various pigments. Plants change their 
direction to light over a wide range of wavelengths, and the duration is called the 
photoperiod. It uses multiple photoreceptors to detect and respond to changes 
in spectral composition accurately. Unlike photoreceptors found in specialized 
organs in animals, plant photoreceptors are found throughout the plant. It has 
even been reported that some plant photoreceptors are also found in roots. Plants 
regulate different morphological and physiological events according to different 
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wavelengths of light. Photoreceptors in plants; It is classified as Phytochromes 
(phy), Cryptochromes (cry), Phototropins (phot), UVR8, ZTL/FKF1/LKP2 
(Zeitlupe, Flavin-binding Kelch, LOV Kelch Proteins) (Galvão & Fankhauser 
2015, Huché-Thélier et al. 2016).

Different light sources are the most influential environmental factor in 
plants’ life, production, and productivity. The source of light in plant production 
is natural sunlight. With the developments in LED lighting technology, LED 
lighting comes into play at every stage of plant production. LED-based artificial 
light sources are widely seen in greenhouses, climate cabinets and rooms, tissue 
culture and biotechnology studies, and indoor plant factories. It has also been 
involved in plant production studies with the technological developments in 
space in recent years. Crop production in indoor areas using only LED light 
sources is of great interest. Plant production can only be realized with LED 
lighting technology. Plant growth can be accelerated by providing additional 
lighting in existing production areas, especially in greenhouses. Light sources 
and different wavelengths have different effects on plant physiology and plant 
growth. Light sources have a chance to be used not only for lighting but also in 
plant physiology research.

Another advantage of using LED lighting technology in greenhouses is 
that it provides an advantage in terms of carbon footprint. A carbon footprint 
measures the damage that human activities cause to the environment regarding 
the amount of produced greenhouse gases, measured in units of carbon dioxide. 
One of the ways to prevent carbon footprint damage is to use renewable energy 
sources for electricity and energy-saving LED lamps. It is of great importance 
to use LED lighting methods in greenhouses and focus on studies in this field, 
especially in countries where additional lighting is needed. Plants react differently 
to light than humans. Photosynthesis, which is effective in the growth of plants, 
is the light spectrum between 400-700 nm and is called PAR (photosynthetic 
active radiation). The wavelength of light is of great importance in plant 
production. Plants show different sensitivities according to varying colors of 
light. For this reason, the wavelength is as essential as the light sources used in 
plant production. Thus, the determination of light recipes is of great importance. 
Photomorphogenic responses in plants are affected by the spectral distribution 
of light. Maximum light absorption and photosynthesis by chlorophyll pigments 
occur in the blue and red regions of the visible light spectrum. Despite this, plants 
have special photoreceptors (phytochrome, cryptochrome, phototropin, UVR8) 
that regulate different physiological responses according to the wavelength of 
light (McCree 1972, Kopsell et al. 2013).
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In the studies, it was determined that the anthocyanin concentration 
increased by 11% and 31% with the application of UV-A and blue supplementary 
light, the carotenoid content increased by 12% with the application of blue light, 
and the phenolic concentration increased by 6% with the application of red 
light. Additional FR light application does not cause a decrease in anthocyanin, 
carotenoid and chlorophyll content (Li and Kubota 2009). Carotenoid content 
in red leaf lettuces increases with the application of blue LED light. Polyphenol 
content and total antioxidant level are also higher in blue LED light applications 
than fluorescent applications (Johkan et al. 2010). LED lights have different 
effects on broccoli sprouts. As a result of the studies, short-term blue LED light 
application before harvest significantly increases β-carotene, violaxanthin, 
glucoraphanin, epiprogoitrin, aliphatic glucosinolate, basic micro and macro 
elements (Kopsell & Sams 2013).

In LED lighting, light with the properties required by the plant can be 
obtained in various frequency and wavelength ranges. Since the LED light 
is cold light, it can be used at any distance without the danger of burning the 
plants. This provides both design flexibility and space savings. Light is one 
of the critical factors in plant development. In the recent past, fluorescent and 
incandescent light were used for artificial lighting. However, scientific studies 
have shown that these lights have many disadvantages. Low lighting efficiency 
and high power usage are among these undesirable features. As a result of the 
research, LED (Lighting Emitting Diode) lights gave suitable results in plant 
growing. The wavelength and frequency of the light that plants generally need 
and accept for their morphological development are in a specific range. The 
effects of different colored LED lights on plants vary. The effect of LED light 
on plants depends on the color of the light, the exposure time of the plant to the 
light, the plant’s growth period, the cultivar and the morphology of the plant. 
Thus, it becomes difficult to reach a consensus on the effects of the LED light. 
In this context, the need for special studies for different plants and conditions 
arises. However, some general judgments have been reached based on the data 
obtained from hundreds of studies in the analysis made with scientific studies 
today. According to the data obtained from 139 different experiments, it was 
seen that the plants using red LED light gave 54% and 172% more positive 
results in catalase and peroxisome production activities than the control group 
using white fluorescent light. Also, the plant length was found to be 63% shorter 
in the use of red LEDs. It was observed that the plants using blue LED light had 
lower leaf area (78%), dry root weight (69%), dry stem weight (37%), and stem 
length (64%) than the plants in the control group using white fluorescent light. 
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The total amount of antioxidants was found to be 68% higher in plants using 
blue LED light. According to the average of 101 experiments using red and blue 
LED light at a ratio of 1:1, it was seen that the dry weight of the plants using 
LED light was 161% more positive than the plants in the control group. The 
effect of red and blue LED light showed different effects on annual and seasonal 
plant species. For example, the increase in catalase production in seasonal crops 
was 77% higher than the increase in annual crops compared to the control group 
(Yuanchun et al. 2021).

The key advantages of LEDs include low power consumption, long 
lifetime and low radiant heat to the facility, and less heat in general. This allows 
the LEDs to be placed much closer to the plants. This results in a higher photon 
concentration leading to better photosynthetic productivity. At the same time, 
air conditioning costs in the grow room are reduced. Unlike FLs, which are 
very sensitive to ambient temperature and airflow, LEDs emit consistent light 
regardless of temperature conditions. Their construction allows for precise 
spectrum control, the use of monochromatic light that is impossible to achieve 
with conventional FLs. Finally, the disposal of LEDs is more environmentally 
friendly compared to FLs that contain mercury. The disadvantage of using LED 
is the high lighting unit price. However, high upfront costs can be repaid in the 
form of electricity savings. The cost of LEDs also keeps falling (Natalia Miller 
et al. 2019). 

In addition to the light quality of the light sources, the position of the 
plants relative to their photosynthetic surface has a significant influence on crop 
productivity. The radiation energy captured by a surface from a point source is 
related to the inverse square of the distance between them. Therefore, reducing 
this distance will significantly affect the incident light level (Bickford & Dunn 
1972).

LEDs can be operated at much lower energy levels to give the same event 
PPF on the photosynthetic surface. An essential issue for LEDs in horticulture 
concerns their economic viability. As with any emerging technology, the cost of 
LEDs for plant growth lighting will decrease over time as demand increases and 
research results become available (Massa et al. 2008). Thanks to the developing 
LED technologies, the properties such as dose, intensity, and wavelength of 
the produced light can be regulated very precisely. It is aimed to provide the 
optimum lighting environment needed for the development of different plants. 
In the early emergence of LED technologies, red and blue light were generally 
used for plant production. Today, red, blue light and their mixtures, as well as 
green, far-red, and UV (ultraviolet) light types, can be used together. Thanks 
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to this diversity, the wide range of rays offered by the sun can be imitated in a 
controlled manner. The use of UV rays, which are generally thought to harm 
plants, together with LED technology is a significant development. The use of 
low-dose UV light in light mixtures can provide positive morphological and 
metabolic developments in the plant. The developments in LED technologies 
enabled the use of UVA and UVB rays on plants and pioneered new studies. 
UV rays are examined in three categories: UVA (320-400nm wavelength), 
UVB (280-320nm wavelength), and UVC (100-280nm wavelength). All of 
the high-energy UVC rays from the sun are filtered by the ozone layer. Sun’s 
6% rays reaching our world consists of UVA and UVB. Plants have special 
photoreceptors that detect UVB rays. UVB rays are detected by the UVR8 
receptor. When UVA rays are combined with blue light, the plant perceives 
them by stimulating phototropin and cryptochrome proteins. Phototropins and 
cryptochromes are proteins that are usually found throughout the leaves of 
the plant and that regulate the plant’s response and growth according to the 
light environment. UVB rays can help the plant to maintain its own balance 
despite the negativities in its environment. The change of UVB rays in the 
biochemistry of the plant; has the potential to reduce undesirable changes and 
oxidative damage to DNA, proteins, and lipids. UVB rays applied at tolerable 
doses can cause the plant to reduce its biomass, develop smaller but thicker 
leaves, form shorter stature, modify the photosynthesis process, and produce 
less chlorophyll but more phenolic compounds. Phenolics are components that 
activate the antioxidant protective system of the plant and are of great importance 
for the human diet. They are also closely related to fruit and vegetable quality. 
Although the effects of UVA rays are still more controversial, there are results 
showing that they have an impact on the leaf area of   the plant. It is effective in 
plant growth, antioxidant level, and phenolic production. Thanks to their higher 
wavelengths, UVA rays can reach deeper distances below the plants’ surface. 
The use of UVA rays in plants has high potential, but more research is needed 
(Akvilė et al. 2019)

4. Effects of LED Lights on Plants

As we stated before, researchers have started looking for more resource-efficient 
ways to meet increasing food demand. Developments in LED technologies are 
encouraging. LED technology can lead to fully controlled indoor agricultural 
practice. Even urban agriculture has high potential, and it started to take off 
thanks to LED technologies. With the help of production in cities, significant 
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support can be provided to food production. Urban Agriculture has begun to be 
seen as an alternative approach with production in fully controlled closed areas 
(Eigenbrod & Gruda 2015).

Sunlight is essential for plants. However, access to sunlight in nature 
is affected by weather conditions. For this reason, access to the light source 
is not always at the desired level. Artificial light sources make it possible to 
produce high-yield plants in a controlled manner and independently of weather 
conditions. Until very recently, incandescent light sources and fluorescent light 
were used for artificial lighting. Studies have shown that these lights have many 
disadvantages, especially energy use. Low lighting efficiency, inability to obtain 
light in the desired wave range, and high power usage are among these undesirable 
features. As a result, researches use LED lights in plant growing has increased 
rapidly due to their essential advantages. The wavelength and frequency of the 
light that plants generally need for their morphological development are within 
specific ranges. Plant production with LED lighting at different wavelengths can 
be seen indoors (Figure 3).

Fig.3. Plant production studies with LED 
lighting at different wavelengths (Photo K.Demir)

Plant factories can produce fresh fruit and vegetables in all locations, from ocean 
liners to space stations.
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Since they can produce fresh fruits and vegetables free from pests 
and pesticides in all weather conditions, they have increasing attention. 
The spectrum of photosynthetic action may vary in different seasons, at 
different times, in different plants, roots, stems, leaves, and fruits. Plants 
need chlorophyll-b and carotenoids as well as active chlorophyll-a in 
photosynthesis. The ideal light for plant growth should at least have an 
emissive spectrum covering these three pigments. In addition, ideal light can 
not excess a certain level of photonic energy, otherwise it might damage 
chlorophyll. Organic light-emitting diodes (OLEDs), on the other hand, have 
very high spectrum adaptation flexibility. This is because it has a wide variety 
of emitters from red to violet and even infrared to ultraviolet (Jwo-Huei Jou 
et al. 2015).

In recent years, there have been rapid developments in the use of LED 
lighting technology in plant growth. Fully or additional lighting options have 
also emerged in plant cultivation in fully controlled indoor areas. LEDs used 
in greenhouses offer a different technology that has advantages over traditional 
lighting systems. In Figure 4, micro greenery production can be seen in an 
indoor LED-lighted environment.

Fig.4. Micro Greenery Production in Indoor Led 
Lighted Environment (Photo K.Demir)

5. LED and Its Characteristics

British radio engineer Henry Joseph Round discovered LED when he was 
working on radio waves, accidentally realizing that silicon carbide, which 
had a current flowing through it, radiated. LED is a specially designed solid 
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semiconductor diode, and it glows when current is passed through it. P-type 
(anode) and n-type (cathode) are combined with two different semiconductors 
LED chips, and current is sent from the anode to the cathode. The electron 
coming from the anode settles in a lower energy level orbit at the cathode and 
sends the energy difference out by radiating. The energy difference between 
them determines the color and wavelength of the radiation. Usually, the anode 
and cathode are seated in the lead body, and the LED chip is closed and protected 
by an epoxy capsule. (Dutta & Jatothu 2013, Ma et al. 2021).  The diagram 
showing the general structure of the LED is shown below (Figure 5).

Fig.5. A simple LED mechanism (Dutta and Jatothu 2013).

LEDs can be connected in parallel or series. The same current passes through 
all the LEDs in a series connection, and the battery life is longer. The voltage 
required to light all the LEDs must be calculated in advance. At the same time, it 
should be examined whether the current will damage different LEDs. In a parallel 
connection, LEDs with different voltage needs cannot be used at the same time. 
In this case, either only one LED will light up, or the current flowing through the 
LEDs will damage the system due to different voltage requirements. LEDs with 
precisely the same characteristics can be paralleled quite successfully. Simple 
parallel and series-connected LED diagrams can be seen in the figure below 
(Figure 6).
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Figure 6. A-series and B-parallel connected LEDs (Dutta and Jatothu 2013).

Advantages of LED light sources: They can be used by connecting only to a 
battery by dint of to their low energy consumption. Thanks to their low energy 
consumption, they are advantageous in commercial applications. A typical LED 
lamp has a lifespan of 25,000 to 100,000 hours. However, the life of a fluorescent 
lamp is around 15,000 hours. A large part of the spent energy is transferred to 
the outside as radiation, and meanwhile, heat production is relatively low. The 
color and wavelength of the produced light can be adjusted according to the 
plant’s needs. It does not harm the plant due to its low heat emission. They 
can be used functionally even at tiny sizes (2-5 cm). The disadvantage of the 
LED light source is the high initial investment costs. If one LED breaks down, 
there is a more difficult replacement/repair process than conventional lighting 
systems (Dutta & Jatothu 2013). The characteristics of commercial LEDs and 
the materials used are given below in Figure 7.
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Fig.7. Commercially available LEDs colors, wavelengths, 
and materials used (Dutta and Jatothu 2013).

6. Indoor Farming and Robotic Arm Use

Fully automatic vertical farming systems have a high commercial potential. 
Technology is in constant development. In the current situation, human 
intervention is required in the systems. Tracking and harvesting of products often 
have to be done manually. A system that does not require human intervention 
is proposed by suggesting robotic additions. ROBOTIQ brand 2-finger grip 
system handle is recommended for picking. The robot arm provides a gripping 
force between 20 N and 235 N. Together with the proposed camera system, this 
robot arm will be sufficient for many practical applications. At the same time, a 
harvesting and control algorithm has been proposed that will make the system 
fully automatic. This algorithm will ensure that all pots are checked first, and 
only then, matured products are collected. Details of the harvesting algorithm 
can be viewed in the figure below (Figure 8).
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Fig.8. Harvest and control algorithm suggestions (Marchant & Tosunoglu 2017)

In this study, robotic arms, smart pots where plants are placed, sensors, 
communication technologies, and image processing technologies are used. 
Thus, a fully automatic greenhouse system has been introduced. Each system 
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is a whole in itself. However, they come together to form a fully automatic 
greenhouse system. The success of the system was discussed, and suggestions 
were made for future studies. Plants bearing green and red tomatoes with a 
height of about 1 meter were used to test the system. Saplings are placed in 
smart pots. There is a humidity sensor inside the pots, and the sensor sends 
data to the system every 10 seconds. Each plant has a unique IP number. Thus, 
the plant can be intervened by using this unique number while interacting 
with the system. The robot arm has a 2-step operating system. In the first 
step, a planner robot determines the priority order of the tasks that must be 
done at that time. For example, the planner can send the order to the robot 
arm to first irrigate the 2nd seedling and then the 3rd seedling to be harvested. 
The planner ranks these tasks according to cost-benefit analysis. In this cost-
benefit analysis, parameters such as the distance that the robot arm must travel 
and the benefit of the operation to be performed are evaluated. Afterward, 
the implementing algorithm steps in and acts according to the priority of the 
given jobs. This implementing algorithm processes the data collected from 
the sensor and camera and calculates how much the robot arm should move in 
which direction. It performs this process via servo-motor and controllers. In 
the image processing part, the system processes the images from the camera, 
detects the product to be collected, and determines the path to be taken. Various 
difficulties were encountered in the image processing part. The different 
shapes and sizes of tomatoes prevent a standard recognition algorithm. It 
is difficult to distinguish between the leaves and stem of the seedling and 
the green tomatoes by color. In addition, various objects in the background 
negatively affect the operation of algorithms. Therefore, more than one image 
processing algorithm was used in this study. Data from 3 different algorithms 
were blended, and the most accurate result was tried to be achieved. In this 
way, 55% of tomatoes were detected correctly by the algorithm in general. 
While the detection of green tomatoes remained lower due to color mixing, 
red tomatoes were detected by the algorithm as high as 75%. Using these 
algorithms, detecting, locating, and picking a tomato by the robot arm was 
calculated as 28.3 seconds with an average deviation of 10 seconds per tomato 
(Correll et al. 2010, Marchant & Tosunoglu 2017).
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Fig.9. Red and green tomatoes detected by image 
processing algorithms (Correll et al. 2010).

The success rate of the robot arm in grasping the tomatoes was also found to 
be 75%. Reasons for failed attempts; It was determined that the errors in image 
processing caused the robot arm to misdirect and the seedling stem and leaves 
to prevent grasping. According to the data obtained as a result of the study; 
The advantages of placing plants in smart pots (for example, containers with 
humidity sensors) and assigning a separate number to each of the plants have 
been seen. The plants only informed the system when they needed it, and the 
system conveyed to the robot arms what needed to be done specifically for the 
plant. Thus, water and energy savings were achieved. The advantages of the 
simultaneous use of multiple algorithms for image processing were high. While 
a single algorithm could identify the shape (round, square), color, or edge of the 
image, it was necessary to use all algorithms together for the exact location of 
the tomatoes. Detection of the location of the green tomatoes was less successful 
due to the green stem and leaves of the seedling. Therefore, it is suggested to 
use additional algorithms for further studies. The fact that the robot arms have 
four degrees of freedom was not sufficient for grasping and harvesting the 
product from time to time. It is recommended to use robot arms with 6 degrees 
of freedom for further studies. Apart from that, the work is fully scalable. After 
the proposed improvements are made, the system can be used at larger scales 
(Correll et al. 2010, Valle & Kienzle 2020).
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Conclusion

Today, the importance of LED lighting and robotic arm technologies has been 
understood, especially in indoor areas and greenhouses. Studies have focused on 
these subjects in recent years. Energy efficiency aforementioned technologies 
is increasing rapidly. Such methods that will make significant contributions 
to plant production are being developed fast and the methods that can provide 
critical support to plant production and food supply.
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1. Introduction

Today, world viticulture has been developed depending on a few species 
in the Vitis genus. Vitis vinifera L. is undoubtedly the dominant species 
in the concept of grape varieties and Vitis vinifera L. is the sole native 

species of European viticulture, serves new genetic breakthroughs for ploidy 
breeding, mainly by including consumable varieties of Vitis labrusca (Chen et 
al. 2014, Mitani et al. 2014). Grapevines are vegetatively propagated plants 
that have the capacity to accumulate somatic mutations. Therefore, many 
grapevine cultivars derived clonally have been propagated from differentiated 
bud sources (Aradhya et al. 2003; Keskin & Kunter 2009; Keskin & Kunter 
2010; Kunter & Değirmenci Karataş 2011; Vezzuli et al. 2012; Cruzan et 
al. 2020; Kuliyev 2020). Mutations in somatic cells can arise at diploid or 
polyploid levels in a grapevine population. There are many identified bud 
sports in well-known cultivars such as ‘Pinot Noir’, ‘Sultani’, ‘Muscat of 
Alexandria’ variants.
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Since somatic variation contributes to reproducing new grape varieties 
and polyploid variants show outstanding viticultural properties such as 
seedlessness and large berries, special interest has been given to polyploidy 
in grape breeding studies. Therefore, mutagenic treatments have been 
adapted to the studies to induce somatic variation capability and frequency 
in a cultivar. After the first thought of induced mutagenesis on polyploid 
grape breeding, economically valuable polyploid grape varieties such as 
4x ‘Kyoho’, 3x ‘King Dela’ and 3x ‘Mirei’ have been developed (Yun et 
al. 2008). The seedless characteristics of the triploid grapes that have been 
developed have opened a new way to obtain large and seedless grape varieties 
and breeding studies. Therefore, polyploid individuals are important for 
parents of hybridization studies as well as being direct commercial varieties 
(Xu et al. 2014). 

Mutagenic treatments have been adapted to the studies to induce 
somatic variation capability and frequency in a cultivar. Both successful 
and negative results have been reported based on the effect of mutagen, the 
choice of the treated organ, or treatment techniques in vivo and in vitro 
conditions.

Colchicine is the well-known chemical mutagen used to induce genome 
duplication artificially in plants. It is a powerful poison in alkaloid nature, 
derived from the roots of meadow saffron (Colchicum automnale L.) and a 
colorless substance. Colchicine prevents the formation of the spindle apparatus 
in the metaphase stage of mitosis in the cells of the applied tissues. In this way, 
it prevents the replicated chromosomes from being pulled out to the poles during 
the anaphase stage, allowing the chromosome number to be doubled (Manzoor 
et al. 2019). 

Successful chromosome doubling protocols of colchicine have been 
reported in some important genus such as Lilium, Citrus (Zeng et al. 2006), 
Nepenthaceae (Fong 2008), and Passifloraceae (Rego et al. 2011). Colchicine 
treatment has also been used as a polyploidization agent either in situ or in 
vitro conditions with variable results regarding the application dose and method, 
incubation time, type of explant in grapevines (Yang et al. 2006; Kuliyev 2020). 
Moreover, the response of the genotype towards colchicine treatment plays a 
major role in the efficiency of polyploidization.

In this chapter, it was aimed to evaluate the effects of colchicine on explant 
regeneration and the ploidy variation in the derived individuals via in vitro 
culture in two grape cultivars.
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2. Material and Method

2.1. Plant material and explant preparation 

‘Sultani’ and ‘Uslu’ Vitis vinifera L. cultivars (2n = 2x = 38) were the main 
plant materials of the study. First, cuttings of one-year-old canes of ‘Sultani’ and 
‘Uslu’ were forced to give shoots under in vivo controlled conditions in 16/8-
hour light/dark photoperiod, in an air conditioning room with 24oC temperature 
and 70-80% humidity. Then actively growing shoots were used to prepare the 
shoot tip and single-node microcutting explants (Figure 1).

Fig.1. Explant types. Shoot tip (left), Single-node microcutting (right)

Shoot tips and single-node microcuttings were surface sterilized with 10.0 
% (v/v) Actijen for 10 min and 20 % (v/v) sodium hypochlorite for 15 min, 
orderly, and subsequently rinsed 3 x 5 minutes with autoclaved distilled 
water. After surface sterilization was completed, the explants were prepared 
for cultivation in a liquid MS nutrient medium containing different doses of 
colchicine. MS nutrient medium (Murashige & Skoog 1962) was used as a basal 
culture medium in this study. The medium was adjusted to pH 5.7 ± 1 before 
sterilization. Cultures were sterilized under 1.1 kg cm2 pressure at 121oC for 
20 minutes in an autoclave. Incubation conditions of the cultures were 24±2oC 
under 16 hours and 2000-2500 lux photoperiod in a climate cabinet (Daihan 
Scientific, Wisecube). 

2.2. Colchicine treatment 

Colchicine doses were determined according to the doses applied to grapevine 
shoot tip and single-node microcutting explants in a liquid nutrient medium in 
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the previous literature (Notsuka et al. 2000; Chang et al. 2014; Sinski et al. 
2014; Xie et al. 2015). In this study, 1000, 1250, and 1500 µM concentrations of 
colchicine were used. Colchicine (Sigma-Aldrich) stock solution was prepared 
in distilled water at a dose of 100 mM and stored at -20°C. The working solution 
was diluted to the desired volume with sterile distilled water using a sterile syringe 
filter (Millex-GS) and a commercial 10 ml syringe (SET / inject). Colchicine 
treatment was carried out with three different doses (1000, 1250, 1500 µM) by 
adding the volume of 50 ml in each 100 ml erlenmeyer flask which contains 
shoot tip and single-node microcutting explants into the liquid MS medium. The 
explants were incubated in a colchicine-containing nutrient medium at 24°C at 
100 rpm on an orbital shaker for 24 and 48 hours in darkroom conditions until 
transferred to a solid MS nutrient colchicine-free medium. 

2.3. Survival and regeneration rate

After colchicine treatment, explants were elutriated in distilled water 3 × 
5 minutes for removing residue of colchicine and transferred to MS shoot 
regeneration nutrient medium containing 1 mg L-1 BAP solidified with 6.5% 
agar. Approximately on the 30th day of culture, the survival rates, expressed 
as the number of healthy plantlets, in the shoot regeneration medium were 
determined. In order to ensure the sustainability of the shoots, developed from 
shoot tip and single-node micro-cutting explants, were transferred in a shoot 
propagation medium containing 1 mg L-1 BAP+0.1 mg L-1 IBA. 30 days after 
the survival rate was determined. For this aim, the number of healthy shoots 
developed per explant was counted to determine the shoot regeneration rate.

2.4. Ploidy level analysis

Flow cytometry was used to determine the ploidy level of the regenerated 
individuals. Leaf samples were used to determine nuclear DNA content. CyStain 
UV Precise P kit (SYSMEX) was used in the analysis. 15 μg fresh leaf tissues 
taken from the young parts of the grapevines that have become 4-5 leaves and 
10 μg from the tomato plant under in vitro conditions were chopped into small 
pieces in a petri dish with a razor blade with 0.5 or 0.6 ml of nuclei isolation 
buffer. 1 ml of a stock solution (20 ml MgSO4 buffer, 20 mg Dithiothreitol, 500 μl 
PI stock, 550 μl TritonX-100) was added to the petri dish and left in this solution 
for 5 minutes. Then, 2.4 ml of 5 μM DAPI staining solution (4’,6-diamidino-
2-phenylindole) was added to the crushed nuclei and kept in this solution for 5 
minutes. The suspended nuclei were transferred to micro-centrifuge tubes and 
filtered with 30-33 μm filters. The pellet was dissolved in 400 μl solution B 
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(5 ml solution A, 10 μl RNAse and DNAse free). Samples were prepared as a 
result of isolation analyzed by flow cytometry. Flow cytometry analyses were 
performed according to the method of Tuna & Cabi (2014). The response of the 
total DNA of single nuclei to fluorescence was analyzed by PA flow cytometry 
(Partec 06-5-4003). The DNA content of 5.000 nuclei was examined in each 
sample (Glowacka et al. 2010). The amount of DNA in a plant cell was indicated 
by the letter ‘C’ in picograms. The C value refers to the haploid genome, and 
the 2C value refers to the DNA amount of the diploid somatic genome. The C 
values determined for the nuclear DNA contents of the plants were indicated 
in picograms and converted into nucleotide base pairs (1 pg = 980 Mbp) (Tuna 
& Cabi 2014). Ploidy levels were evaluated by comparing the peak formed as 
a result of flow cytometry reading of each sample taken as a result of in vitro 
experiments with these standard (tomato) peaks.

2.5. Statistical analysis

All experiments in the study were performed in three replicates. The data of 
the trials were subjected to One way or Two–way ANOVA (Factorial analysis 
of variance). LSD (least significant difference test) was used in the statistical 
evaluations to determine the differences between the averages, and the statistical 
significance level was considered p <0.05 and p <0.01. JMP (ver.14) computer 
package program was used for statistical evaluations.

3. Results

In this study, the explant responses to colchicine treatments were evaluated using 
survival and the regeneration rate of the explants depending on the cultivars 
(Figure 2).

Fig.2. In vitro development of plantlets from 
shoot tip and single-node microcutting explants
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3.1.	 Effect	of	colchicine	treatments	on	explant	survival	rate

In ‘Sultani’, non-significant interaction was determined between colchicine 
doses × incubation times in terms of the explant survival rate in both explants. 

According to the colchicine doses, the survival rates of shoot tip explants 
varied between 31.67% (1500 µM colchicine dose at 48 hours)-87.88% (control 
group) and among the single-node microcutting explants varied between 65.95% 
(1000 µM colchicine dose at 48 hours)-86.10% (control group). The highest 
survival rate was found in the control group after 24-48 hours of colchicine 
treatment in both explants. The highest survival rates were 75.00% in the shoot 
tip explants (1000 µM colchicine dose at 24 hours), and 79.63% in the single-
node microcutting explants (1250 µM colchicine dose at 24 hours). The lowest 
survival rates were 31.67% in shoot tip explants (1500 µM colchicine dose 
at 48 hours) and 65.95% in the single-node microcutting explants (1000 µM 
colchicine dose at 48 hours). There was a decrease in survival rate (68.33%) 
depending on the increased incubation time (48 hours) in both explant types. 
There was a dramatic decrease in survival rate in the shoot tip explant as the 
colchicine dose increased, while a slight decrease was observed in the single-
node microcutting explant (Table 1). 

In ‘Sultani’, a statistically significant interaction between colchicine dose 
× incubation times was found for the regeneration rate in shoot tip explant. Still, 
the interaction was not determined in the single-node microcutting explant. 
The highest regeneration rate was found in the control group after 24-48 hours 
of colchicine treatment in both explant types. The regeneration rates were 
55.11% and 11.11% in shoot tip explants and 53.33% and 50.00% in single-
node microcutting explants, respectively, at 1000 and 1250 μM colchicine doses 
applied during the 24 hour incubation time. Regeneration was not observed 
in both explants at the highest dose of 1500 μM colchicine in 24 hours. The 
regeneration rates at 1000, 1250, and 1500 μM colchicine doses at the 48 hour 
incubation time were determined as 50.00%, 27.78%, and 22.22%, respectively, 
in the shoot tip explants. 48 hour incubation time at 1000 and 1250 μM 
colchicine doses showed as 49.28% and 51.00% regeneration rate in single-
node microcutting explant, respectively. Regeneration did not occur in single-
node microcutting explant at the highest dose of 1500 μM colchicine in 48 hours 
of incubation (Table 1).

In ‘Uslu’, a statistically important interaction was determined between for 
the explant survival rate in both explant types. 

According to the doses, the survival rate varied between 21.67% (1500 µM 
colchicine dose at 48 hours)-71.85% (control group) in the shoot tip explant, 
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and 38.10% (1500 µM colchicine dose at 48 hours)-90.48% (control group) in 
the single-node microcutting explant. Likewise to ‘Sultani’, the highest survival 
rate was found in the control group after 24-48 hours of colchicine treatment 
in both explants of ‘Uslu’. The highest survival rate was 59.23% and 76.67%, 
respectively, in shoot tip and single-node microcutting explant at the 24 hours 
incubation time of the 1000 µM colchicine dose.

Depending on the incubation time, there was a decrease in the survival 
rate for both explants at the 48 hour incubation time. The survival rate was 
determined as 50.00% and 58.33%, respectively, in applying 1250 µM colchicine 
at the 24 hour incubation time in the shoot tip and single node microcutting 
explant. The survival rate was decreased by increasing incubation time. The 
survival rate relative to the explant number at the 48 hour incubation time was 
determined as 25.00% for shoot tip and 44.82% for single-node microcutting. 
In the highest dose of 1500 µM colchicine, the survival rates of explants were 
determined as 25.00% and 50.00% at the 24 hour incubation time, and 21.67% 
and 38.10% at the 48 hour incubation time, in the orderly shoot tip and single-
node microcutting explants. The survival rate, relative to the explant number, 
at the 48 hour incubation time was determined to be 25.00% for shoot tip and 
44.82% for single-node microcutting. 

Difference in the survival rate between the 24 and 48 hour incubation 
times was statistically significant (p<0.01). As the colchicine dose increased, 
the survival rate decreased (Table 2). 

Colchicine dose×incubation time interaction was found statistically 
significant (p<0.05) on regeneration rate of ‘Uslu’.

According to the doses, the regeneration rate varied between 00.00% 
(1500 µM colchicine dose at 48 hours) - 65.92% (control group) in the shoot tip 
explant and 00.00% (1500 µM colchicine dose at 48 hours) - 48.41% (control 
group) in the single-node microcutting explant. The highest regeneration rate 
was found in the control group after 24-48 hours of colchicine treatment in both 
explant types. Among the treatments, 1000 and 1250 μM colchicine doses at 24 
hours of incubation showed regeneration in the explants. The regeneration rates 
were 25.00% and 10.00% in shoot tip explants whereas 48.33% and 40.00% 
in single-node microcutting explants.  Regeneration was not obtained in shoot 
tip explant at 1500 μM dose at the 24 hours. It was recorded 17.71% in single-
node microcutting explant. At the dose of 1000 μM colchicine at the 48-hour 
incubation, the regeneration rate was determined as 22.22% and 31.10% 
in shoot tip and single-node microcutting explant, respectively. Although 
regeneration was not obtained in shoot tip explant at 1250 μM dose in 48 hours, 
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it was recorded as 26.20% in single-node microcutting explant. Regeneration 
was not observed in both explants, at 1500 µM colchicine dose for 48 hours. 
Even though there was a non-significant difference between incubation times 
regarding regeneration rate, 0.01 difference was found between doses (Table 2).

Table 1. Explant survival and regeneration rates in ‘Sultani’

Colchicine treatment Shoot tip Single-node microcutting
Concn. 
(µM)

Inc. (h) Survival 
rate (%)

Reg. rate 
(%)

Survival 
rate (%)

Reg. rate 
(%)

Control 87.88 94.63 a 86.10 a 56.67
1000 24 75.00 55.55 b 76.67 a 53.33

48 58.34 50.00 b 65.95 c 49.28
1250 24 68.23 11.11 d 79.63 a 50.00 

48 46.67 27.78 c 68.33 bc 51.00
1500 24 55.00 00.00 e 75.00 bc 00.00

48 31.67 22.22 c 66.67 bc 00.00 
LSD ns 7.28* ns ns

* significant at the %5 level, ns: non-significant. The difference between the means 
was expressed with different letters in the same column (Concn.: Concentration, 
Inc.: Incubation time, Reg.rate: Regeneration rate)

Table 2. Explant survival and regeneration rates in ‘Uslu’

Colchicine treatment Shoot tip Single-node microcutting
Concn. 
(µM)

Inc. 
(h)

Survival 
rate (%)

Reg. 
rate (%)

Survival 
rate (%)

Reg. 
rate (%)

Control 71.85 a 65.92 a 90.48 a 48.41 a

1000
24 59.23 ab 25.00 b 76.67 a 48.33 a
48 25.00 c 22.22 b 44.44 c 31.10 c

1250
24 50.00 b 10.00 c 58.33 b 40.00 b
48 25.00 c 00.00 d 44.82 bc 26.20 c

1500
24 25.00 c 00.00 d 50.00 bc 17.78 d
48 21.67 c 00.00 d 38.10 c 00.00 e

LSD 13.27** 6.91* 13.89* 7.80*

** significant at the %1 level, *significant at the %5 level 

The difference between the means was expressed with different letters in the same 
column (Concn.: Concentration, Inc.: Incubation time, Reg.rate: Regeneration 
rate)
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3.2. Ploidy level analysis on regenerated plantlets

In this study, the final aim was to establish an efficient chromosome doubling 
protocol by using colchicine in vitro on the studied cultivars. Therefore the effect 
of colchicine on ploidy level was evaluated by nuclear DNA content. 

DNA content of the control plantlets of ‘Sultani’ was found 1.32 pg in both 
explant types. As compared to control plants, DNA contents varied between 
1.12-1.20 pg in shoot tip and 1.07-1.49 pg in single-node plantlets. The highest 
amount of nuclear DNA content was determined in the plantlets obtained from 
1000 μM colchicine and 24 or 48 hours incubation treatments in ‘Sultani’. 
Statistical analyzes showed significant differences were not found in single 
node micro-cutting and shoot tip explants in terms of dose × incubation time. In 
this study, polyploidy genotypes could not be produced in ‘Sultani’ cv. by the 
methods followed.

Table 3. Nuclear DNA content in vitro plantlets derived from 
shoot tip and single-node microcutting of the ‘Sultani’ cultivar

Concentration 
(µM)

Incubation 
time (h)

Shoot tip Single-node 
microcutting

Control 1.32 a 1.32 b
1000 24 1.12 c 1.11 c

48 1.20 b 1.49 a
1250 24 nd 1.12 c

48 nd nd
1500 24 nd 1.07 c

48 nd nd
LSD ns ns

ns: non-significant, nd: non-determined 

The difference between the means was expressed with different letters in the 
same column

The nuclear DNA content in the control plantlets of ‘Uslu’ was found 1.32 pg. 
Results in the in vitro derived plantlets showed low or non-determined DNA 
content than the control ones in each colchicine concentration and incubation 
time. The nuclear DNA contents varied between 1.13-1.15 pg in the single node 
microcutting explant in the application of colchicine for 24-48 hours between 
1.13-1.15 pg in the single-node microcutting explants in the applications 
of colchicine. Besides, in shoot tip plantlets, only the treatment of 1000 μM 
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colchicine dose at 48 hours, the average amount of nuclear DNA content in the 
analyzed samples were found 1.10 pg. 

In the study, we are unable to reach an informative change in ‘Uslu’ (Table 
4). Therefore we declare that among the obtained variants in ‘Uslu’ cv., ploidy 
level was not identified by flow cytometry.

Table 4. Nuclear DNA content in vitro plantlets derived 
from shoot tip and single-node microcutting of the ‘Uslu’ cultivar

Concentration 
(µM)

Incubation 
time (h)

Shoot tip Single-node 
microcutting

Control 1.26 a 1.26 a
1000 24 nd 1.17 b

48 1.10 b 1.13 b
1250 24 nd 1.17 b

48 nd 1.15 b
1500 24 nd nd

48 nd nd
LSD ns ns

ns : non-significant, nd: non-determined 

The difference between the means was expressed with different letters in the 
same column

4. Discussion and Conclusion

In vitro regeneration systems offer methodological benefits in artificial induction 
of polyploidy in plant breeding studies. For in vitro polyploidization, primarily, 
it is required to choose the correct tissue culture technique and explant to 
provide maximum success (Petersen et al. 2003). Explant-based characteristics, 
such as tissue size or cell permeability, are important to transport the antimitotic 
agent into the meristem layers (Allum et al. 2007). It was reported that applying 
the antimitotic agent to the same plant species or even to different tissues of 
the same plant gives different results (Aihong et al. 2005; Sinski et al. 2014; 
Blasco et al. 2015; Xie et al. 2015). In the grapevine, organogenesis methods 
mainly, shoot tip culture, node culture, axillary meristem culture, were used for 
in vitro chromosome doubling. For this purpose, shoot tip (Sinski et al. 2014), 
axillary meristem (Notsuka et al. 2000), etc. used as explants. On the other hand, 
solid, semi-solid, or liquid media use compatible with the tissue is necessary for 
successful development.
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In the studies of chromosome doubling in grapevine via tissue culture 
techniques, type and component of culture media (Guo et al. 2011; Sinski et al. 
2014), incubation time of the using mutagens (Allum et al. 2007; Escandon et 
al. 2007; Glowacka et al. 2010; Chen et al. 2014) and dose (Xie et al. 2015) are 
the main factors that affect the ploidy level. In the study conducted by Notsuka 
et al. (2000) regarding obtaining tetraploid plantlets in grapevine by in vitro 
organogenesis, the highest rate of tetraploid individuals was obtained from 
colchicine treatment at a dose of 0.2% for two days incubation. 

In the study of Acanda et al. (2015), four different doses of colchicine (0, 
0.1, 0.2, and 0.4%) were applied to embryogenic cell aggregates in suspension 
culture for 24 hours in the ‘Mencia’ grape variety (V. vinifera). Results showed 
that the most effective colchicine dose was 0.2%, as in Notsuka et al. (2000), 
and 25% of tetraploid plants were reached at this dose. In the study of Ekbiç 
and Tangolar (2016), in ‘Trakya İlkeren’ and ‘Flame Seedless’ varieties, 
colchicine was applied at 0.5%, 0.75, and 1 dose for 1, 3, and 5 days on shoot 
tip explants in vivo. It has been reported that 1% colchicine doses in ‘Trakya 
İlkeren’ variety, 0.75% and 1% in ‘Flame Seedless’ variety cause toxicity and 
drying for shoot tip explants. In the study of Sinski et al. (2014), the best dose 
× time for viability was obtained from 48 hours of applying 250 µM colchicine 
dose in shoot tip. In our study, similar to the studies mentioned above, the 
higher vitality was obtained in 24-hour application in ‘Sultani’ and ‘Uslu’ cvs. 
In the study of Xie et al. (2015), 48 and 72 hours of colchicine dose application 
to shoot tip explants induced high levels of tetraploidy (31.41% - 35.08%), 
however it was also stated that these treatments had been caused damage on 
shoot tip explants. 

Carvalho et al. (2005) emphasized that the application of colchicine 
delayed germination in the cotyledon nodes of Arnatto plant and degeneration 
of the hypocotyl during regeneration. Xie et al. (2015) emphasized that 
chromosome doubling studies significantly delayed growth and development 
in grapevine explants. After the application on shoot tips, the first regeneration 
took place after four weeks and within three weeks in control. In the control 
group emerging of embryogenic calluses was delayed for another 3-4 weeks, 
and regeneration occurred after about two months. In the production of 
embryogenic callus from the anther, this period was five months. Sinski et al. 
(2014) reported that colchicine treatment was not differently effective on shoot 
tip regeneration between the grape varieties ‘Crimson Seedless’ and ‘BRS 
Clara’ in liquid medium C2D4B. Regeneration rate of shoot tips were 9.56% 
and 11.55% respectively. In our study, it was determined that the regeneration 
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rates were found to be higher in colchicine treatment in liquid nutrient medium 
in ‘Sultani’ and ‘Uslu’ varieties.

It has been reported in many studies that the reason for the difference 
in colchicine applications on plant regeneration is the result of the defense 
mechanisms of plant tissue and cell (Nadler et al. 2012). In vitro regeneration 
systems via organogenesis have provided greater successful chromosome 
doubling protocols. Sinski et al. (2014) emphasized that shoot tip explants are 
suitable for transforming into the polyploid structure for Vitis sp. Also, Martinelli 
and Gribaudo (2009) reported that the genotype is a determining factor in the 
grapevine for ploidy induction.

It was emphasized that similar rates of tetraploids were achieved in 
applications performed in shoot tip and embryogenic callus. Using a 625 μM × 
72 hour colchicine dose in shoot tip explants to reach tetraploid plantlets would 
provide an advantage in terms of time (Xie et al. 2015). 

Many studies showed that a higher viability rate was generally derived 
in low dose × short application time. However, in terms of tetraploid plant 
formation, it exhibits a low ratio on the contrary (Zhang et al. 2008). 

Leal et al. (2006) obtained shoots from somatic embryos developed by 
anther induction in two different clones (VS1508 and VS1510) of Vitis vinifera 
L. ‘Viosinho’ cv. When the seed DNA contents and ploidy levels of V. vinifera 
varieties were compared, it was reported that there was no statistically significant 
difference, and the DNA content range was found 1.16 and 2.35 pg/2C. The seed 
DNA content range revealed in our study is similar to the DNA content range in 
Leal et al. (2006). In our study, the ploidy level of the regenerated plants in both 
cultivars was the same as that of the mother plant. However, some differences 
were detected in DNA contents; the flow cytometry results verified the genetic 
stability at the diploid level. At this point, the conclusion of Prado et al. (2010), 
which is about in the grapevine the effect of cytosolic phenolics, such as tannic 
acid, negatively influence flow cytometry results, could be an explanation for 
our results.

Choosing the shoot tip for mutagen application may be recommended 
since the possibility of being affected by mutagen is reduced because single-
node microcutting is a larger explant. According to the results of our study, we 
conclude that shoot tip culture was more successful for colchicine applications 
than the single node culture. The reason for this success might be related to the 
shoot tip explant being a smaller tissue. It was determined that the single-node 
microcutting explants were more resistant to long incubation time in colchicine 
treatment compared to the shoot tip. Compared to the shoot tips, the single-node 
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microcutting explants were determined resistant to colchicine application for 
24-48 hours. It is stated that applications with doses higher than 1250 μM might 
not be advised for future studies; however, a lower dose of colchicine for an 
incubation period of longer than 48 hours seemed to be recommendable. 

The regeneration rate has been changed according to the cultivar rather 
than the explant type. The best regeneration at the lowest dose was obtained 
from both explants of the ‘Sultani’ cv. The higher dose of colchicine application 
usually showed better regeneration in ‘Sultani’ grape cultivar than ‘Uslu’ cv. 

As a result of this study, it was concluded that the effects of the explant, 
antimitotic agent, dosage, incubation time, and application method could be 
evaluated depending on the variety. When the literature was examined together 
with our study, it was suggested that only a protocol specific to the variety and 
explants would provide a tool for inducing variations. 

In addition to flow cytometry analyses, chromosome counting was 
considered as a confirmative method for ploidy recognition once again.
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1. Introduction

Plant chemicals are divided into primary and secondary metabolites. 
Phosphates, sugars, proteins, amides, amino acids, nucleotides, nucleic 
acids, organic acids and chlorophylls formed the indispensable primary 

metabolites of the plants for physiological development. For protection of 
themselves, adaptation to ecological conditions and continue their generations of 
plants, low-molecular substances are synthesized biosynthetically from primary 
metabolites and these are called secondary metabolites (Oskay & Oskay 2009). 
Secondary metabolites are not directly related to the developmental activities 
of the plant such as growth, photosynthesis, and product transformation. These 
compounds are synthesized in specific ways by specific biosynthetic enzymes 
in tissues, organs and growth parts of the plant. They are stored in plant organs 
in high concentrations (1-3 % by dry weight). It is important to interdisciplinary 
study field about positive effect of secondary metabolites which act like 
phytochemicals and phytoalexin on human health. In addition, the studies about 
the mechanism of phytoalexin production in plants and increasing production 
by different metabolic pathways have been continued. For human life, it is 
disadvantage to synthesis naturally less amount of secondary metabolites 
in plants. Today, secondary metabolites which have economic value can be 
produced by using plant tissue culture techniques and the production levels of 
targeted secondary metabolites can be increased by using various biotic or abiotic 
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elicitors. Grapevine (Vitis vinifera L.), which is take part in many areas such as 
nutrition, pharmacy and cosmetics, is very rich for secondary metabolites. In 
this study, secondary metabolite production by callus culture in grapevine was 
evaluated in the light of the literature.

2. Grapevine Secondary Metabolites

2.1. Phenolic compounds

Phenolic compounds are known to have supportive effects on nutrition and health, 
and these are the most important components of quality with determining color, 
taste and aroma of grapes (Kunter et al. 2013). Although phenolic compounds 
containing at least one aromatic ring and at least one hydroxyl group attached to 
this ring can be classified in different ways, they are generally divided into two 
groups as flavonoids and non-flavonoids. It contains flavonoids, tannins (flavan-
3-ols), flavonols and anthocyanins. Non-flavonoids are composed of phenolic 
acids and stilbenes (López-Vélez et al. 2003).

2.1.1. Flavonoids

As quantity, the majority is flavonoids in grapes. The structure of flavonoids 
consist of A and B aromatic rings as well as a hydroxyl ring bonded with 
three carbons and often called C ring. With depending on the differences of 
the C ring, these compounds are named as flavonols (kaemferol, myricetin, 
and quercetin), flavones (apigenin and luteolin), flavan-3-ols (catechin, 
epicatechin, epigallocatechin, and epicatechin gallate), flavanones (naringenin), 
anthocyanidins and isoflavonoids (genisteine, daidzein, dihydro daidzein, and 
equol) (Gökçen et al. 2017).

It can be stated that flavonols, tannins and anthocyanidins are the most 
important ones in grapes.

Tannins (flavan-3-ols): Tannins are complex structures consisting of esters 
of sugars and phenolic compounds found in the stem, berry skin and seeds of 
grapes (Harbetson et al. 2002).

Tannins which is interim product in flavonoid biosynthesis are colorless 
compounds and are also called “flavan-3-ols” to determine the location of 
the hydroxy group on the C ring. Tannins are chemically divided into two 
groups as hydrolyzable tannins and condensed tannins (Haslam, 1998). 
(+)-catechin, (-)-epicatechin, (+)-gallocatechin, (-)-epigallocatechin and 
(-)-epigallocatechin 3-gallate are the most existing condensed tannin structures 
in berries.
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Flavonols: The flavonols found in grapes are quercetin, kaemferol, 
myricetin and isoramnetin. They exist glycosides form with mostly combining 
to sugars.

Anthocyanins: Anthocyanins are the most comprehensive subgroup of 
phenolic substances. They are found in the skin of grapes and are defined 
as natural colorants that give grapes their distinctive red, blue and purple 
hues (Ho et al. 2001). As maturity progresses, anthocyanidins which are free 
aglycone form anthocyanins combining with sugars. Anthocyanidins found in 
grapes are malvidin (purple), cyanidin (red), peonidin (light red), petunidin 
(blue-purple), and delphinidin (dark blue). As the number of hydroxyl groups 
(-OH) in the anthocyanin molecule increases, their color changes to blue, and 
as the number of methoxyl group (-OCH3) increases, they turn red (Mullins et 
al. 1992).

2.1.2.	Non-flavonoids

Phenolic acids: Phenolic acids found excessive amount in grapes. These are 
generally benzoic acid derivatives with seven carbon atoms (C6-C1) and cinnamic 
acid derivatives with nine carbon atoms (C6-C3). 

Natural phenolic acids are found in either free or conjugated form. They 
usually are in the form of esters or amides. Hydroxycinnamic acid derivatives are 
a group of phenolic compounds found in large amounts in must and white wines. 
Caffeic, coumaric and ferulic acids are the most common hydroxycinnamic acid 
derivatives in grapes and wines. Laristrin and syringin derivatives have also 
been determined in black grape varieties (Mattivi et al. 2006).

Stilbenes: Stilbenes are phenolic compounds synthesized under stress 
conditions. Two aromatic rings linked by methylene bridge form their basic 
molecular structure (Soleas et al. 1997).

The presence of stilbenes in grapes was determined firstly by Langcake 
& Pryce (1976) in some grapevine genotypes. Although the stilbene compound 
synthesized in high amounts in grapes is trans-resveratrol (t-RSV=3,4’,5-
trihydroxy-stilbene), other stilbene compounds, many of which are in the dimer, 
trimer or tetramer structure of resveratrol, have also been determined. The most 
important of these compounds are trans- and cis-piceid (resveratrol glycoside), 
ε-viniferin (trans-resveratrol dimer), piceatannol (trans-3,3’,4,5’-tetrahydroxy-
stilbene), pterostilbene (trans-3,5-dimethoxy-4’-tetrahydroxy-stilbene), and 
pallidol (trans-resveratrol dimer) molecules (Bavaresco et al. 2002; Keskin & 
Kunter 2017).
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2.2. Major Aroma Compounds

2.2.1. Terpenes

Terpenes play roles as antioxidants, phytohormones, protein modification 
reagents, repellents of herbivores and attractants of predators, and parasitoids of 
herbivores (Pichersky & Raguso 2018). The grape terpenoids of major aromatic 
importance in grapes can be divided into monoterpenes (C10) and sesquiterpenes 
(C15) according to their chemical structure. Moreover, carotenoids (C40) can be 
included in this list as aroma precursors (Rienth et al. 2021).

There are approximately 50 terpene compounds identified in grapes and 
wines (Black et al. 2015; Ilc et al. 2016). Terpene compounds contribute to the 
formation of many different aromas such as honey and wax, oily notes, lemon 
and citrus, as well as characteristic floral scents such as intense rose, chamomile 
and lavender (Canturk & Kunter 2019).

2.2.2. Norisoprenoids 

C13 norisoprenoids are aroma compounds released as a result of the breakdown 
of carotenoids which are the 40-carbon (C40-tetraterpenes) group of terpenes 
by chemical reactions. During the processes such as ripening, maceration, 
fermentation and aging, carotenoids are reduced to C9, C10, C11 and C13 compounds 
which are more soluble in the must, more volatile and give a more intense odor 
by exposing to oxidation with polyphenoloxidase and lipoxygenase enzymes in 
grapes. Among these compounds derived from carotenoids, C13 norisoprenoids 
gained importance with their contribution to the distinctive character of 
grapes and some wines (Darriet et al. 2002, Moreno & Peinado 2012). In 
grapevine, carotenoids are cleaved via carotenoid cleavage dioxygenases 
(CDD) to form norisoprenoids with C13 carbons (C13 norisoprenoids) such as 
β-ionone, β-damascenone, vitispirane, actinidol, 4-(2,3,6-trimethylphenyl) 
buta-1,3-diene (TPB), 1,1,6-trimethyl-1,2-dihydronaphthalene (TDN), and 
2,2,6-trimethylcyclohexanone (TCH) (Rienth et al., 2021). 

2.2.3. Fatty Acid Derivates

Aromas in this group consist of saturated and unsaturated C6 alcohols and 
aldehydes which are formed as a result of the decomposition of linoleic and 
linolenic acids in grapes by lipoxygenase activity. In general, C6 compounds 
produce a vegetal (green, herbal) aroma and are often found in undetectable 
amounts in wines. Until now, hexanal, (E)-2-hexenal, (Z)-3-hexenal, hexanol-1, 
(E)-2-hexen-1-ol and (Z)-3-hexen-1-ol compounds have been detected.
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2.2.4. Methoxypyrazines

In general, methoxyprazines are nitrogenous heterocyclic compounds. These 
are found in free form in grapes and have no precursor compounds. Three 
methoxyprazine groups have been identified in grapes (Figure 3): 2-methoxy-
3-isobutylprazine (IBMP), 2-methoxy-3-isopropylprazine (IPMP), and 
2-methoxy-3-s-butylprazine (s-BMP). In grapes, isobutyl methoxyprazine is the 
most one of these.

Methoxyprazines are compounds that give vegetative (herbal, herbaceous), 
green, green pepper, asparagus and sometimes earthy aromas to wines (Conde 
et al. 2007). They are found considerable amounts in Cabernet Sauvignon, 
Sauvignon Blanc, Cabernet Franc and Merlot grapes and wines of these.

2.2.5. Thiols

Thiols are volatile sulfur compounds and crucial components of the ‘varietal 
character’ of several cultivars. 4-methyl-4- sulfanylylpentan-2-one (4MSP), 
4-merthyl-4-sulfanylpentan-2-ol (4MSPOH) and the 3- sulfanylhexan-1-ol 
(3SH) are the most important thiols present as precursors in the berry of white 
wine cultivars (Rienth et al. 2021).

3. Advantages of Secondary Metabolite Production via Plant Tissue 
Culture

Various difficulties are encountered during the extraction of secondary 
metabolites which have a wide range of uses from plants under natural 
conditions. These are summarized as follows (Tanur-Erkoyuncu & Yorgancılar 
2016)

• It is difficult and expensive to collect these plants which usually grow in 
natural flora,

• As a result of the continuous collection of plants from nature, their generation 
disappears over time,

• The amount and quality of secondary metabolites are affected by climatic 
conditions,

• Active substances are synthesized in these plants at certain stages of 
development and in very small amounts,

• Low success rate in the cultivation of plants,
• To need large agricultural areas for the production of effective substances 

in economic quantities.
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Limited production for these and similar reasons cannot supply adequately 
the increase in demand in the use of natural substances with the change 
in consumer demands. In order to avoid all these problems, plant tissue 
cultures are seem to an alternative method for the production of secondary 
metabolites.

Plant tissue and cell culture is the generation of products new tissue, plant 
or plant products (such as metabolites) from a whole plant, cell (meristematic, 
suspension or callus cells), tissue (various plant parts = explant) or organ (root, 
apical meristem etc.) in aseptic conditions and an artificial nutrient medium 
(Babaoğlu et al. 2001).

It is known that many environmental and nutritional factors are effective 
in the biosynthesis pathway of secondary metabolites. Plant tissue cultures 
and nutritional factors in the culture medium; that is carbon, phosphorus, 
nitrogen sources and other macro elements and plant growth regulators 
namely auxin and cytokinins affect both metabolite formation and growth. In 
addition to chemical factors, physical factors such as temperature and light in 
the environment can also have a direct or indirect effect on in vitro secondary 
metabolite production. Each of these factors has an effect according to the 
cultivated plant, culture type and even the age of the culture (Gundlach et 
al. 1992; Sökmen & Gürel. 2001; Bhagyalakshmi et al. 2004; Matkowski. 
2008).

One of the most important roles of secondary metabolites is that they 
are developed in response to stress factors (Grassman et al. 2002). Biotic and 
abiotic elicitors (stimulants) that cause stress are applied to obtain secondary 
metabolites in high amounts (Barz et al. 1988; Verporte et al. 2002; Vanisree & 
Tsay 2004). 

By optimizing culture conditions, there are a number of advantages to 
producing secondary metabolites via plant cell and tissue cultures. These 
advantages are as follows (Tanur-Erkoyuncu & Yorgancılar 2016);

• Environmental factors (climate, geographical difficulties and seasonal 
restrictions) encountered during the culture of the plant are eliminated,

• Less area use is provided,
• The extinction of the plant is prevented by collecting it from nature,
• It is ensured that economically valuable metabolites which are found in low 

amounts in plants can be produced in sufficient quantities,
• Homogeneity, standard quality and efficiency are ensured in production,
• It helps to understand the biosynthesis mechanisms of metabolites.
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With all these advantages, the production of secondary metabolites can be 
performed faster, simpler, more reliable and more predictable than conventional 
methods.

4. Callus Culture

By plant tissue and cell culture, there are basically three different systems in 
production of secondary metabolites. These are root cultures, shoot cultures and 
callus cultures.

Callus can be defined as masses with morphological irregularities formed 
as a result of culturing organs or tissue parts which cut out from the mother plant 
and have not lost their ability to divide under in vitro conditions. 

Callus culture is the culture of differentiated plant cells that is usually 
induced in vitro conditions containing high auxin concentrations or an auxin/
cytokinin combination.

Callus formation from an explant constitute three stages:

(a) Induction phase: Metabolism is stimulated and cells are prepared to divide. 
The cell size remains unchanged.

(b) Cell division phase: Cells divide actively and the cell size becomes smaller. 
Cell division is mainly periclinal and wound occurs towards to periphery 
leading cambial cells.

(c) Differentiation: Differentiation of cells results in root or shoot formation. 
As a result of this differentiation, there is an increase in the accumulation of 
secondary metabolites in some cells.

5. Studies on Secondary Metabolite Production by Callus Culture in 
Grapevine

Table 1 summarizes the studies about secondary metabolite production by callus 
culture in grapevine. 

As illustrated in Table 1, the secondary compounds produced by callus 
culture in grapevines concentrate on phenolic compounds, especially anthocyanin 
and stilbenes. Keller et al. (2000), stated that tissue cultures can be used as a 
model system to explain the response mechanisms of plants to environmental 
conditions. Keller et al. (2000) are also the first researchers group to demonstrate 
that stilbene compounds can be produced via callus cultures in grapevines. 
Although previous studies reported that stilbene production is related to Botrytis 
cinerea contamination in Cabernet Sauvignon calluses, these researchers 
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indicated that stilbene compounds, mainly resveratrol and ε-viniferin, can be 
synthesized with only application of UV light without a biotic elicitor. 

By the callus culture in grapes, the factors affecting the secondary 
metabolite production are presented as follows:

5.1. Genotype

Success in plant tissue and cell culture largely depends on the genotype of the 
donor plants. Torregrossa et al. (1995) and Nakano et al. (1997) stated that the 
success of callus formation in the in vitro conditions varies to grape varieties. As 
shown in Table 1, significant differences observed between species in the studies 
on secondary metabolite production by callus culture in grapevine. Furthermore 
it can be stated that the capabilities of different genotypes and cultivars within 
the same species are different.

5.2. Explant Source

Basically a callus culture starts with setting a piece of plant tissue (leaf, root stem, 
etc.) (explant) in a previously sterilized container (petri, flask, etc.) containing 
nutrients. The origin of the tissue piece is important for production of secondary 
metabolites in callus culture. Leaf blades (Nakano et al. 1997; Jayasankar et al. 
1999) and internodes (Thomas 2001) are explants with high callus formation 
potential and these are used extensively in tissue culture studies. It is considered 
that leaf blade, petiole and node are used in the studies on secondary metabolite 
production by callus culture in grapevine (Figure 1, Table 1).

Figure 1. Explant sources a: leaf blade, b: internode, c: petiole (Photo: N. Keskin).

Explants can be taken from the shoots of grapevines grown in vineyard 
conditions, or cuttings of one-year-old canes were forced to give shoots under in 
vivo controlled conditions (Figure 2) in order to reduce the risk of infection or 
ideally from in vitro plantlets (Figure 3).
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Figure 2. Cuttings of one-year-old canes were forced to 
give shoots under in vivo controlled conditions (Photo: N. Keskin).

Figure 3. In vitro plantlets (Photo: N. Keskin).

5.3. Cultural Environment Components and Culture Conditions

For plant tissue and cell cultures, each chemical in the nutrient medium is 
actually like to an inciting or limiting factor for both growth and secondary 
metabolite production. For example, any substance in the nutrient medium can 
reduce metabolite accumulation while promoting growth. Therefore, when 
secondary metabolite is produced, the chemical components of the nutrient 
medium should be in such a way as to provide the optimum in both growth and 
metabolite production (Sökmen & Gürel 2001).

The main components of the culture medium are calcium, magnesium 
nitrogen, phosphorus, potassium, and sülfür which are known as macro elements; 
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boron, copper, iron, manganese, molybdenum, and zinc which are known as 
microelements; carbon source (glucose, maltose, starch sucrose), vitamins, 
myo-inositol and plant lactose, growth regulators. Nowadays, various culture 
media have been developed that form the basis for media. Each plant species, 
and even each metabolite requires its own specific environment (Alvarez 
2014). Media components affect both primary and secondary metabolism. As 
indicated in Table 1, B5 (Gamborg et al. 1968) and MS (Murashige & Skoog 
1962) basic media are used for secondary metabolite production in grapevine 
callus cultures. B5 medium is a high nitrate nitrogen medium developed for 
soybean callus cultures, while MS medium is a high salt medium developed 
for tobacco.

Sucrose is used as a carbon source in most plant tissue cultures. Sucrose 
concentration in the medium was 3% (w/v) in the studies on secondary metabolite 
production by callus culture in grapevine. 

Plant Growth Regulators (PGRs) added to the culture medium have a 
significant effect on cell growth and secondary metabolite production. PGRs 
are plant-organic molecules that affect physiological processes such as growth, 
differentiation and development at low concentrations (Topçu & Çölgeçen 2015). 
PGRs are commonly classified as auxins, cytokinins, gibberellins, ethylene, 
abscisic acid and jasmonic acid. PGRs used for secondary metabolite production 
in grapevine callus cultures are Indole-3-acetic acid (IAA), naphthalene acetic 
acid (NAA) and 2,4-Dichlorophenoxyacetic acid (2,4-D) from auxins while 
6-benzylaminopurine (BAP), N6-Benzyladenine (BA), and Kinetin (Kin) from 
cytokinins (Table 1).

In callus cultures, temperature is effective on biomass increase and 
secondary metabolite production. It is noteworthy that the ideal temperature 
is 22-26 °C for secondary metabolite production in grapevine callus cultures 
(Table 1).

Light affects metabolite accumulation in tissues and cells, in addition, 
photoperiod as well as light quality and intensity are important parameters 
for production of secondary metabolites and especially phenolic compounds. 
The important effect of light on the regulation of enzymes functioning 
in the phenyl propanoid metabolic pathway can be shown as causing the 
production of phenolic compounds in cell cultures to be affected by both 
light quality and light intensity (Hahlbrock 1977). It can be stated that the 
light used for secondary metabolite production in grapevine callus cultures 
is photoperiodic lighting (16 hours of light:8 hours of dark) or darkness 
(Table 1).
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5.4. Callus Quality and Age

It is desirable that the callus tissue to be used in the production of secondary 
metabolites should be white, easily dispersed, crispy and full (Figure 6) (Keskin 
& Kunter 2010a).

Figure 4. Callus suitable for secondary metabolite production (Photo: N. Keskin).

The quality and age of the calli to be applied elicitor affect the success in the 
production of secondary metabolites with callus cultures. After subcultured of 
calli, cell proliferation begins, peaks rapidly, and passes into the ‘stationary 
cell growth phase’, which is the most favorable period for secondary product 
production. It has been suggested that this period corresponds to the 12th day 
after the second subculture in grapevines (Keskin & Kunter 2008).

5.5. Elicitor Application

Elisitors are compounds that activate the synthesis of another compound when 
they encounter a living organism. Secondary metabolite production increase 
when callus cultures are subjected to various biotic (enzymes, cell wall parts of 
microorganisms, microorganism polysaccharides such as glycoproteins, chitin, 
glucan, phytochemicals produced by the plant against physical damage, fungal 
or bacterial attacks, plant cell wall polysaccharides such as chitosan, cellulose, 
pectin, glucans, salicylic acid) or abiotic (heavy metals, inorganic salts, Ultra 
violet (UV) light, extreme salinity, extreme temperature and high pressure, high 
or low osmolarity) factors. As demonstrated in Table 1, UV light is the leading 
elicitor used for secondary metabolite production in grapevine callus cultures 
(Figure 5).
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Figure 5. UV irradiation on callus cultures (Photo: N. Keskin)

Conclusion

Considering the importance of secondary metabolites, especially in health, 
biotechnological developments targeting large-scale production are promising. 
The current review deciphers secondary metabolite production of from grapevine 
by callus cultures.  However, it is necessary to use elicitors to induce and 
maintain high levels of secondary metabolites production in callus cultures. It 
can be stated that there have been few studies about the mechanisms of elicitation 
promoting regarding with secondary metabolites production. Among various 
abiotic elicitors, UV has been still popular for boosting secondary metabolite 
production in grapevine. Further investigation is required before we can rightly 
identify the best method of secondary metabolites production in grapevine by 
callus culture.
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1. Introduction

Viticulture in Türkiye is a highly productive cultural plant that can 
maintain its economic production level in ecologically very different 
regions. From this perspective, Türkiye is among the regions with the 

most favorable climate for viticulture and is known as the gene center of the 
grapevine, and therefore it has an old and deep-rooted viticulture culture. The 
contribution of grapes to national income in the country’s economy is high, 
and it is evaluated in different ways according to the characteristics of berry or 
cultivars. It is a berry useful for our nutrition and health, as it contains vitamins 
A, B, C, nitrogenous substances, glucose, iron, calcium, potassium, and sodium 
in its structure (Çelik et al., 1998). Another important feature of viticulture is 
that it enables the use of barren and inclined areas that are not suitable for the 
cultivation of other agricultural products. Indeed, grapevine can usually be 
grown in the whole of Türkiye, except for the high parts of the Central and 
Eastern Anatolia Region and the coastline of the Black Sea Region (Doganay 
1995). The most grape growing area and production regions in Türkiye are 
the Aegean, Mediterranean, Mid-South, Southeast, Northeast, and Black Sea 
regions, respectively. In fact, the Northeast Anatolian agricultural region, in 
which Erzincan is within located, is relatively far from the features that can 
respond to the ecological demands of the garapevine. However, the availability 
of natural environmental conditions in and around the Erzincan plain plays a key 
role in the execution of viticulture and fruit growing activities.

The Eastern Anatolia Region, where the continental climate is dominant, 
has microclimate characteristics, and Erzincan is the most important province 
in terms of economic viticulture potential in the Northeast Agricultural Region 
(Karadoğan & Keskin 2017; Kaya & Kose 2020). In this province, viticulture 
is carried out on an area of approximately 9000 decares and the production 
amount is 6000 tons/year for many years (Kaya & Köse 2017). the only standard 
cultivar of the North-East Agricultural Region, ‘Karaerik’ (Vitis vinifera L.) 
(syn. Cimin) grape cultivar (Figure 1) plays a key role in Erzincan viticulture 
and it is grown in 90-95% of the vineyards in the province. It has been widely 
grown as table grapes in the town of Üzümlü and its surroundings/towns 
(Bayırbağ, Göller, Pişkidağ, Karakaya, Çadırtepe) of the city of Erzincan for 
years and has a high market value (Güneş et al., 2015; Köse et al., 2018). The 
taste of berries of this grape cultivar lies on a fine point between mildly sweet 
and sour with a specific aroma not found in other V. vinifera grape cultivars 
(Kalkan et al., 2012). Although it is generally used as a table grape it can 
also be preferred in the form of dried pulp, vinegar, and molasses (Hermosín-
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Gutiérrez et al., 2019). In addition, the leaves are widely used as fresh and in 
brine (Akpınar & Yiğit 2006). A traditional product called ‘Saruç’ has been 
produced from this grape cultivar since ancient times in the region (Kalkan 
et al., 2012). Due to the positive characteristics of all these, there has been 
an increasing interest in the export of this grape cultivar recently (Hermosín-
Gutiérrez et al., 2019).

Numerous studies have previously been published regarding the 
physiological, ampelographic properties, nutritional value, phenolic 
composition, antioxidant capacity, frost tolerance, cold hardiness, pruning, 
and training systems of this grape cultivar, which is very valuable for the 
region (Köse 2002; Akpınar & Yiğit 2006; Köse & Güleryüz 2007; Kalkan 
et al., 2012; Güneş et al., 2015; Keskin et al., 2015; Kaya & Köse 2017; 
2020; Karadoğan & Keskin 2017; Buztepe et al., 2017; Köse & Kaya 2017; 
Kalkan & Keskin 2018; Keskin 2018a; Keskin 2018b; Keskin & Kunter 2018; 
Karadoğan et al., 2018; Köse et al., 2018; Kurt et al., 2018; Rende et al., 2018; 
Hermosín-Gutiérrez et al., 2019; Kaya 2019; 2020; Çelik et al., 2020; Oğuz et 
al., 2020). In this study, the results of the data obtained from different studies 
on ‘Karaerik’ grape cultivar were discussed by reviewing the literatüre, and 
therefore, we hope that these results will provide new insights into how it may 
influence strategies to increase cultivation and production of this cultivar in 
later years.

Figure 1. ‘Karaerik’ grape cultivar (Photo: N N Kalkan).
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2. Research about ‘Karaerik’ grape cultivar

2.1. Clone selection 

The first clone selection study for the ‘Karaerik’ grape cultivar was initiated 
by the Erzincan Horticultural Research Institute and the project was completed 
in three stages. The selection of the first clone candidates was started in the 
growers’ vineyards in the Üzümlü region, where the ‘Karaerik’ grape cultivar 
was widely grown between 1982-1988. The second phase of the study, the 
‘Clone Collection Vineyard’, was established with the cuttings taken from the 
40 selected clone vine candidates. At the end of the study, the clone candidates 
were evaluated according to their weighting ranking score, and finally, the six 
clones with the highest score (clone 23, 18, 19, 3, 13, 15, and 30) were selected 
for the ‘Karaerik’ grape cultivar. Then, ‘Clone Comparison Vineyard’ was 
established with these clone candidates. As a result of selection, clones 23 and 
18 were selected because they showed the highest performance as table grapes 
(Karadoğan et al., 2014). The second clone study for this grape cultivar was 
carried out within the scope of a doctoral thesis and was completed in 2002 
(Köse 2002). The research was carried out in Üzümlü, Bayırbağ and Pişkidağ 
regions of Erzincan province between 1999-2001. In the study, 22 clones (24 
Ü-KE 83, 24 Ü-KE 213, 24 Ü-KE 317, 24 Ü-KE 325, 24 PKE 407, 24 P-KE 
410, 24 P-KE 425, 24 P-KE 1585, 24 Ü-KE 490, 24 P-KE 432, 24 Ü-KE 451, 24 
Ü-KE 489, 24 Ü-KE 460, 24 P-KE 1823, 24 Ü-KE 477, 24 Ü-KE 500, 24 P-KE 
521, 24 Ü-KE 971, 24 P-KE 1590, 24 Ü-KE 306, 24 P-KE 1833 ve 24 P-KE 
1987), with a score of 650 and above were selected from among 200 clone vine 
candidates according to weighting ranking score.

2.2. Ampelography 

The first ampelography study carried out on this grape cultivar was in 1968 
and it was determined that there were two types of ‘Karaerik’: ellipsoidal and 
round (İştar 1968). For this grape cultivar, the shoot tip is yellowish-green, 
with sparse felt hairs. Shoots are rounded, often corrugated, distinctly leathery, 
sparsely hairy. The mature leaf is thin, straight, less wavy, deep five-part, slices 
are prominent. The upper color of the leaf is bright green, the lower color is 
matte green. Both the upper and lower parts of the leaf are sparsely hairy. The 
petiole is of medium thickness, round, and sparsely hairy. It has U and V-shaped 
petiole sinus. The shape of the cluster is largely clustered, branched cone, 
medium density, homogeneous, and the berries are large. The peduncle is of 
medium length, brittle, its upper side is brown, the lower side is greenish-red, 
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and the cluster weight is 450-550 grams. Berry is ellipsoidal and round shape, its 
color is violet-black (Çelik 2006). The skin of the berry is quite thick, crunchy, 
easily trampled in the mouth, has a light aroma and a tannin taste. In addition, 
the peels of mature berries crack easily. Berry pulp is juicy, crispy pulp, lightly 
flavored, the mesocarp is not thick but hard, whereas endocarp is thick and loses 
flesh. The number of seeds per berry is 1-3. The berries are of good quality for 
table use and have a medium sweetness and mild aroma. In addition, the average 
weight of a hundred berries is 712 grams (İştar 1968). 

2.3. Cold hardiness 

Many studies have been carried out on the cold hardiness of dormant buds in 
‘Karaerik’ grape cultivar (Köse & Güleryüz 2009; Kaya & Köse 2017; Kalkan 
et al., 2017; Köse & Kaya, 2017; Buztepe et al., 2017; Köse et al., 2018; Rende 
et al., 2018; Kaya & Köse 2020; Kaya 2020). Indeed, Köse & Güleryüz (2009) 
reported that frost damage occurred at a rate of 64% in dormant primary buds of 
‘Karaerik’ grape cultivar after temperatures dropped to -22.2oC following 2017-
18. Besides, Kaya and Köse (2017) determined that the presence of nodes with 
lateral shoots affected the frost tolerance of primary buds. They found that buds 
in nodes without lateral shoots showed HTE and LTE at lower temperatures 
(HTE mean -7.9 °C and LTE mean -11.5 °C) than buds (HTE mean -6.7 °C 
and LTE mean -8.3 °C) in nodes with lateral shoots. Based on these results, 
the researchers suggested that the lateral shoots of the vines should be cut with 
summer pruning in areas damaged by low temperatures. In a different study 
was conducted to determine the frost damage of dormant buds according to 
different trunk heights (75, 100, and 125cm) in ‘Karaerik’ grape cultivar grown 
in Erzincan province following the winter cold of 2012/13. As a result of the 
study, it has been suggested that 125 cm stem height is more suitable in terms of 
the winter cold hardiness of dormant buds for viticulture in the region (Kalkan 
et al., 2017). In studies for ‘Karaerik’ grape cultivar on the cold hardiness of 
dormant buds according to the node position on the shoot, it was reported that 
the buds in the basal nodes were more tolerant than the apical buds (Buztepe et 
al., 2017; Köse & Kaya 2017). A study conducted to determine the effects of 
boron (Bio-B) and plant growth-promoting bacteria (PGPR) on frost damage 
in this grape cultivar showed that Bio-B application increased frost resistance 
(Köse et al., 2018). Additionally, determining the low-temperature hardiness of 
the dormant buds taken on six different sampling dates of the ‘Karaerik’ grape 
cultivar covering the acclimation, hardening, and deaclimation stages in the 
winter period of 2015/16 and the relationship between tolerance and biochemical 
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parameters were investigated. In the study, high and low-temperature exotherms 
were determined in the primary buds, and the relationship between tolerance 
levels was determined by lipid peroxidation, total carbohydrate, total water-
soluble protein, peroxidase, hydrogen peroxide, and siglent oxygen analyzes of 
these buds (Rende et al., 2018). On the other hand, in a study in which the effect 
of rapid temperature changes on frost resistance was tried to be determined, the 
grape cultivar ‘Karaerik’ was used. Based on the results of the study, it was stated 
that rapid temperature changes (4.00°C) changed cold hardiness in dormant 
buds. To achieve consistent LTE results and reliability at DTA tests, it was 
decided that buds should be brought into the lab by keeping the temperatures at 
the sampling time, prepared for DTA analyzes at these temperatures, and starting 
DTA analyzes from these temperatures is the right test (Kaya & Kose 2020). 
In addition to these studies, an interesting study was conducted on whether 
removing the first five leaves at the base of the shoot changes the bud cold 
hardiness. The results showed that the adoption of defoliation in cool climates 
has no adverse effects on the survival of basal buds, but may instead improve the 
survival of apical ones is of particular interest concerning this grape cultivar with 
poor basal bud fruitfulness (Kaya 2020). In the light of the above studies, we can 
say that the LT50 value of the dormant buds of the ‘Karaerik’ grape cultivar was 
-18oC, while the LT100 values of the buds were determined as -25oC.

2.4. Chemical properties 

Sat et al., (2002) reported the suitability of canned and fresh (unprocessed) 
‘Karaerik’ cultivar grape leaves to prepare Sarma, a traditional Turkish dish. 
Based on the physical and chemical analysis findings, the results showed that 
the quality of the ‘Karaerik’ leaves was better than the leaves of some grape 
cultivars. The sensory evaluation also showed that ‘Karaerik’ grape cultivar was 
the most suitable grape leaf for making Sarma food.

The physical, chemical, and phytochemical properties of the clones of the 
‘Karaerik’ grape cultivar were examined and differences between clones were 
determined in terms of these properties. Clone 30 in terms of cluster weight, 
clone 23 for color characteristics,  clone 13 and clone 15 for berry size and berry 
width, clone 19 for the total soluble solids (TSS) content,  clone 15 for berry 
weight,  clone 13 also for organic acid and clones 15 also for macro-micro-
nutrient content have been the prominent clones. Except for catechin, there also 
was no difference in phenolic compound content between clones (Karadoğan & 
Keskin 2017). In the study of Keskin (2018a), the trans-resverarol production 
potential of ‘Karaerik’ clones ranged from 77.78 µg kg-1 to 57.01 µg kg-1 (fresh 



AN IMPORTANT VALUE ‘KARAERİK’ GRAPE CULTIVAR (Vitis vinifera L.):  AN OVERVIEW OF IT WITH STUDIES IN THE LIGHT OF LITERATURE     141

weight) and there is no significant difference among the mean values of the 
clones. 

Hermosín-Gutiérrez et al., (2019) has been reported in connection with a 
detailed characterization of the anthocyanin composition of ‘Karaerik’ berries 
and the determination of the antioxidant capacity value of the phenolics found 
in the skin and berry. Anthocyanin (1.66 and 7.48 g mv-3-glc equivalent kg-1 
fresh weight) contents and total phenolic compounds (average 2.88 and 8.56 g 
gallic acid equivalent kg-1 fresh weight) varied significantly in the whole berry 
and the skin. It was determined that malvidin-based anthocyanins made the 
highest contribution to the pigment content of the berry, and also malvidin-3-
glucoside (mv-3-glc), the main anthocyanin in the skin (average 42.08% mol) 
and the whole berry (39.98 mol%). Total phenolic content and oxygen radical 
absorbance capacity were also reported by the same researchers to evaluate the 
antioxidant properties of this grape cultivar. They identified numerous non-
anthocyanin phenolic compounds in the seeds and skins of this grape, including 
several monomeric, eleven flavonols, two stilbenes, six hydroxycinnamic acid 
derivatives, proanthocyanidin, and dimeric flavan-3-ols. The derivatives that 
dominate the flavonol profile of grape skins were quercetin type, followed by 
myricetin type. The main hydroxycinnamic acid derivatives of this cultivar were 
identified as tartaric acid esters of three acids (ferulic, coumaric, and caffeic 
acids). Quantitative and qualitative differences in flavan-3-ols composition were 
observed between berry tissues. Proanthocyanidins, mainly found in seeds, were 
the most abundant phenolic compound class in this cultivar. Higher antioxidant 
capacity values related to total phenolic content were determined in berry seeds 
(Pérez-Navarro et al., 2021). On the other hand, research has also been conducted 
on the nutritional value of this grape berry to determine its health benefits and 
potential economic. The most abundant sugars in the berry of this grape cultivar 
were glucose and fructose (peel/whole berry; averages from 183.36 to 108.60 
g kg−1 and from 236.57 to 127.87 fresh weight, respectively), while the major 
organic acids were malic and tartaric acids (between 2.61 to 1.76 and between 
7.17 to 2.81 g kg−1 fresh weight, respectively). Linoleic acid (seed/whole berry/
peel; 57.83, 33.12 and 37.14%, respectively) was the predominant fatty acid, 
while potassium (seed/whole berry/peel; 5354,10226.33 and 9331.5 µg/g dry 
weight, respectively) was the predominant mineral, followed by phosphorus 
(3072.67 and 1592.8, 2672) in grape the berry. Their findings showed that the 
nutritional components and physicochemical parameters of this grape cultivar 
varied significantly between different tissues (seed, whole berry, and peel ) of 
the grape (Kurt et al., 2018).
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2.5. Traditional foods

This grape cultivar, which is generally consumed as a table, is also used in human 
nutrition in the form of products obtained by processing grape must in different 
ways (vinegar, molasses, sausage, pulp, bastik, meatballs, etc.). Additionally, a 
product called Saruç, which is a traditional product that is dried by hanging on 
a rope and then offered for consumption after the walnuts are placed into the 
grapes that are cut into two, has been made from the ‘Karaerik’ grape cultivar 
since ancient times in the region. With its high nutritional content and a special 
aroma, the product, which is in high demand in the region, can find buyers at a 
very higher price. In studies on Saruç, its pH, ash content, total soluble solids 
(TSS), dry matter, moisture, and skin color values and chemical properties (total 
acidity, protein, N, P, K, Ca, Mg, S, Fe, Zn, Cu, Na) was detected. Based on the 
results of the study, it was determined that 185 g of raisins were obtained from 
one kg of fresh grapes, and 1 kg of Saruç consisted of 685 g of raisins and 315 
g of walnuts. In addition, according to the results of the analysis, the pH, TSS, 
protein, P, Ca, Cu values of the obtained Saruç were found to be 3.13, 5.77%, 
7.48%, 225.20 mg, 59.40, Cu 0.66 mg, respectively (Kalkan et al., 2012). On 
the other hand, though it is known that vinegar and molasses are made from this 
grape cultivar in the region, studies on this subject have not been found in the 
literature. 

2.6. Improving the grape quality 

In this context, the effects of two different organic biostimulants containing 
mineral and organic compounds (seaweed-based) on the grape quality of 
‘Karaerik’ grape cultivar were investigated by Köse & Gülyüz (1999) in 
field conditions. Both mineral and organic compounds have been reported to 
reduce TSSC and reducing sugars in the must and total dry matter of the berry. 
Compared to the control, the effects of biostimulator applications decreased the 
rate of fruit falling in all treatments and all of these applications showed similar 
effects. In addition, while Proton application did not have an effect on the spilled 
berry rate in the study, it was determined that Maxicrop applications other than 
1250 mg kg-1 reduced the spilled berry rate (Köse & Güleryüz 1999). On the 
other hand, three grapevine training systems (vertical shoot positioning-shaped, 
Y-shaped and traditional Baran system) and three different (75, 100, and 125 cm) 
trunk heights were compared for their effects on skin color, berry weight, cluster 
weight (g),  TA%,  pH, TSS%, MI, organic acid, sugar, antioxidant activity 
(FRAP) and vitamin C as well as total and individual phenolic compounds 
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(Kalkan & Keskin 2018) and trans-resveratrol (Keskin & Kunter 2018) in Vitis 
vinifera L. cv. ‘Karaerik’. These studies indicated that various trunk heights 
and grapevine training systems had no significant effect on the content of h, 
b*, berry weight, cluster weight, TA%, pH, MI, TSS%, sugar, macro-micro 
nutrients, organic acid, and individual phenolic compound, however, except 
for trans-resveratrol content, effects on the density of saturation (c) and color 
(a*), total phenolic content and antioxidant activity were significant. Moreover, 
a study was conducted by Köse et al. (2015), as Boron (B) deficiency, which is 
common in Erzincan vineyards, can affect the production and quality of the vine 
(Vitis vinifera L. cv. ‘Karaerik’). A field experiment in the study was carried out 
for determining critical soil test, tissue B values, and the optimum economic B 
rate (OEBR) for quality and yield response of vines to B fertilizer application 
method (soil and foliar) at 5 doses (12, 9, 3, 1 and 0 kg, B/ha). OEBR of soil 
and foliar treatment ranged from 20.2 to 12.8 t/ha with an average yield of 6.4 
to 8.5 kg B/ha, respectively. The average soil B content in the OEBR ranged 
from 0.32 to 2.52 mg/kg. Berry B content amounted to 12.9 and 21.4 mg/kg, 
and leaf tissue B content amounted to 98.9 and 64.4 mg/kg for soil and foliar 
treatments, respectively. Regardless of the treatment method, it was determined 
that B application decreased Fe, Mn, and Cu content while increasing tissue 
N, Ca, Mg, P, K, and Zn. As a result of the study, it was concluded that an 
addition of 6.4 kg/ha for foliar boron application and 8.5 kg/ha for soil boron 
application is sufficient to increase the B level in the soil to levels that are not 
deficient (Köse et al., 2015). In a different study, Kaya (2019) conducted a study 
on the presence of side shoots, yield, cluster characteristics, and bud fertility 
in this grape cultivar of manual leaf removal (fruit-zone five-leaf removal by 
hand) at pre-bloom, flowering, berry set stages. Based on the phenological 
stage, fruit-zone leaf removal by hand, reduced yield, cluster weight, berry 
cracking, number of berries per cluster,  cluster compactness, total acidity while 
berry composition, and maintaining bud fruitfulness as compared with control 
treatment. Removal of five leaves per shoot in all treatments increased berry 
weight per cluster, cluster width and length, and soluble solid accumulation as 
compared with the control. According to the results of the study, the researcher 
suggested that removing the first five leaves at the base of the shoot pre-bloom 
can improve the grape quality characteristics of this grape cultivar (Kaya 2019).

2.7. Other studies 

A study was conducted on the effect of ultraviolet (UV) irradiation on total and 
individual phenolic formation induction in callus cultures of ‘Karaerik’ grape 
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cultivar. In the study, Gamborg B-5 was used as a culture medium with 0.1 mg 
L-1 NAA (Naphthalinacetic acid) and 0.2 mg L-1 Kin (Kinetin), and callus tissues 
were obtained from the leaves of cuttings grown in-vitro. Callus tissues, which 
were subcultured twice with 21-day intervals, were exposed to 254 nm UV-C 
light at a distance of 10 cm from the source for 10 and 15 min in Petri dishes 
in a sterile cabinet after the second subculture. After application, callus tissues 
were incubated in dark conditions and their phenolic compounds were measured 
at 24, 48, and 72 hours. Based on the results of the study, it can be said that 
UV irradiation is effective in inducing the formation of phenolic compounds 
in the callus tissues of this grape cultivar, and this effect is closely related to 
the treatment time (Çelik et al., 2020). In another study, the effect of ‘Karaerik’ 
grape cultivar on the stimulation of anthocyanin production in callus cultures 
after exposure to ultraviolet (UV) radiation was determined. The method 
described by Çelik et al., (2020) was used for grape cultivar, and according 
to the results, it was determined that UV radiation stimulated anthocyanin 
production in the tissues of this grape cultivar (Oğuz et al., 2020). On the other 
hand, there are studies on the post-harvest preservation of the ‘Karaerik’ grape 
cultivar (Güleryüz & Çeleçi 1988; Karadoğan et al., 2005; Keskin et al., 2015). 
In these studies, sulfur dioxide (SO2) generators were applied to ‘Karaerik’ 
grape cultivar and their effects on quality and storability were investigated. 
According to the analyzes and observations made at the end of each month on 
grapes stored at -1 - 0°C temperature and 87-92% relative humidity for three 
months, the controls did not last even until the end of the first month and rotted, 
cracked and lost their marketing quality. Although the best preservation is 
provided with two-stage American fumigant papers, the application of bags has 
been deemed more appropriate for the region, as it is cheap, easy to obtain, 
and provides a level of preservation close to the two-stage American fumigant 
papers (Güleryüz & Çeleçi 1988). In another study, the effectiveness of hot 
water application was researched on the rooting of the cuttings and breaking of 
dormant buds of the ‘Karaerik’ grape cultivar. The basal and apical parts of the 
cuttings were exposed to 60oC hot water for 5 min and the rooting of the cuttings 
was considerably delayed compared to the control. Additionally, by exposing 
the apical part of the cutting to hot water, bud break was delayed, whereas by 
exposing the basal part of the cutting to hot water, bud break was early (Odabaş 
2010). Keskin et al. (2015) determined the effects of hot water (55°C for 5 min) 
and UV-C applications (254 nm wavelength from 100 (0.25 kJ/m2) cm distance 
for 4 minutes) for protection of fruit quality and prevention of decay as well as 
extension of storage period in Karaerik cultivar. All clusters were stored at 0± 
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1°C and 90 ± 5% relative humidity conditions in the cold storage room. As a 
result of the study, by covering with stretch film, clusters of Karaerik cultivar 
subjected to hot water and UV-C have been stored for 90 days. 

3. Conclusion

The present work represents the first research dealing with the detailed previous 
work from V. vinifera grape, ‘Karaerik’. In this regard, information on previous 
studies for ‘Karaerik’ grape cultivar, which is an important genetic resource 
for the Erzincan region, has been compiled in the light of literature.  Based on 
the results of the research, it can be said that many studies have been carried 
out for this cultivar such as cold hardiness of dormant buds, ampelographic 
studies,  post-harvest storage, yield increase, defoliation applications, training 
systems, pruning, chemical and fertilizer application, physiological properties, 
different usage patterns of berries, biochemical parameters, nutrient contents, 
clone studies, hot water application to cuttings. All these studies indicated that 
the ‘Karaerik’ grape cultivar is an important table grape cultivar for Erzincan, as 
well as having a very rich nutritional content for human nutrition. In addition, the 
problems that cause significant yield losses in terms of viticulture in the region 
have been investigated by various researchers and the results for the solution 
of these problems have been brought to both the producers and the scientific 
community. To sum up, we believe that if the practical information gathered 
here is used and applied, it can be of vital importance for the development of 
viticulture in the region.
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1. Introduction

Due to favorable ecological conditions, the coastal part of the 
Mediterranean region, for the production of early table varieties such 
as Early Sweet, Prima, Yalova incisi, Early Cardinal, Cardinal, Trakya 

İlkeren, Ergin Çekirdeksizi, Black Magic, and Victoria is important. These 
varieties ripen in the open field at the beginning of June in the region. Grapes 
are grown in the greenhouse for earlier grape maturation in the region (Tangolar 
2016).

Greenhouse cultivating began with glass greenhouses established in 
Antalya for the first time in Türkiye. Then, in 1940-1960, rapid progress was 
conducted with the use of plastic greenhouses in Türkiye (Sevgican et al. 
2000). Soilless farming is a technique widely applied in greenhouse cultivation. 
In this technique, materials such as perlite, zeolite, pumice, vermiculite, rock 
wool, sand, sawdust, peat, cocopeat (coconut fiber), and plant compost are used 
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for solid substrates culture (Tangolar et al. 2017; Kaya et al. 2018; Tangolar et 
al. 2019a). Different methods are applied, ranging from water cultures (food 
film technique, etc.) to water and nutrient solutions (Koral 2006).

Although soilless cultivation systems were initially developed for 
vegetable and ornamental plants, it has also been used in grape growing 
programs in recent years (Buttaro et al. 2012; Tangolar et al. 2019b; Tangolar 
et al. 2019c). It is known that the soilless cultivation technique is an important 
tool in eliminating the problems caused by rootstocks, giving water to vines 
more effectively, and controlling the yield and quality per unit area. When 
the soilless culture grape cultivation is considered together with greenhouse 
grape production, it appears to be a significant cultivation method with these 
advantages (Di Lorenzo et al. 2013). Today, reasons such as the increase in 
the world population day by day and the limited opportunity to expand the 
agricultural areas have brought it necessary to increase the product to be taken 
from the unit area in order to meet the food need. In this context, the most 
suitable plant nutrition and fertilization treatments applications for plants in 
cultivated agricultural areas are one of the most important cultural practictes to 
increase yield per unit area.

On the other hand, world agriculture has entered a different path with 
the effect of the green revolution that emerged towards the end of the 20th 
century as well as the industrial revolution. It is aimed to increase the amount 
of product obtained from the unit area to meet the food needs of the world 
population, which is increasing every day with the green revolution. With 
the pesticides and fertilizers applied in line with this approach, the desired 
yield increase was achieved. However, it was understood that the applied 
fertilizers and pesticides had many negative effects on human health over time. 
On the other hand, these practices also paved the way for the deterioration 
of the soil’s physical structure and nutrient balance and the occurrence of 
important environmental problems such as aridity and salinization. Due to 
such undesirable developments, increasing the possibilities of using alternative 
natural products that do not pose a risk to human and environmental health 
in plant nutrition has been brought to the agenda (Aksoy 2001). It is thought 
that it is inevitable that the use of cultivation techniques following the organic 
agriculture philosophy is among the important targets in soilless cultivation 
systems, whose share in agricultural production is increasing day by day. The 
feasibility of organic cultivation in soilless culture systems been reported for 
different plant species (Bozköylü & Daşgan 2010), and new researches are still 
continuing in this direction. 
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This study was carried out to determine the effects of an organic liquid 
worm fertilizer with two different nutrient solutions on plant growth, grape 
yield, and quality in soilless culture in cultivation environments consisting of 
cocopeat, zeolite, and their mixtures in different proportions.

2.  Materials and Methods

This research was carried out in a plastic greenhouse with the configuration of 
21 m, 9 m, and 3 m in length, width, and height, respectively, in 2018-19 at the 
Department of Horticulture Faculty of Agriculture University of Cukurova. The 
plants were grown under a bird net in the first year and the second year under 
UV plastic with a thickness of 0.4 mm. During the research, no heating process 
was conducted in the greenhouse.

In the first experimental year, the cuttings of the Early Cardinal variety 
were obtained from a commercial vineyard in Tarsus/Mersin on January 11, 
2018. Cuttings were prepared from nodes 4-11 of canes (Anonymous 1995).

Cuttings were planted in perlite pools on January 15, 2018, and irrigated 
immediately after planting. Rooting of cutting occurred after approximately 90 
days at a satisfactory level. Well-rooted cuttings were selected and transplanted 
into 32-liter plastic pots containing 4 different solid growing media, namely,  
zeolite, cocopeat, zeolite+cocopeat (Z+C) (1:1, v:v), and Z+C (1:2, v:v). A total 
of 3 different nutrient solutions were applied to the rooted cuttings: 2 chemical 
nutrient solutions (Hoagland and Hoagland A adapted to the vine) and organic 
liquid worm fertilizer (OLWF) (Table 1). The pots were placed in the greenhouse 
with a distance of 1.50 m between rows and 0.60 m in rows. After planting, a well-
irrigation was performed to saturate the cultivation media. The pH value of the tap 
water used in the experiment was 7.68, and the EC value was 0.813 mS cm-1. The 
amount of water given to the plants varied between 1-3 L pot -1 per day according 
to the water holding capacity of the growth medium. The total amount of nutrients 
applied per plant in the first year of the experiment is given in Table 2; those 
applied in different phenological periods in the second year are shown in Table 3.

In the first-year, to determine the effects of soilless culture media and nutrient 
solutions on plant growth and nutrition, shoot length and number of nodes were 
measured on three different dates (May 25, June 8, and June 22, 2018), shoot 
diameter during the dormancy period on December 28, 2018.  To determine the 
effect of the applications, macro and micronutrient mineral analyzes were carried 
out using the leaf blades taken from the middle part of the shoot on June 26, 2018.

After the first year, the dormant vines were pruned on January 31, 2019. 
Pruning was conducted from the first node, leaving a single shoot over a one-
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meter shoot length. The pruned vines were trained in a twisted guyot style to 
prepare for the crop year. 

Grapevines were given different solutions within the scope of the second 
vegetation year, starting from the bud burst. On May 24, 2019, the excess clusters 
on the vines were removed and the number of clusters was equalized as 12 clusters.

Grape yield, cluster weight, berry weight and volume, Brix, acidity, pH, 
and maturity index properties were examined in the second year to determine 
the effect of the applications. The stem diameter of the plants was measured 
with a digital caliper at the height of 10 cm from the basal in three different 
phenological periods, namely, full bloom, maturity, and dormancy. In addition, 
the chlorophyll amount of the plants by a SPAD Meter (SPAD-502 Plus) device 
and the leaf temperature by an infrared thermometer (ScanTemp 485) was 
measured in the leaves at the middle part of the shoots at full bloom, leaf fall, 
and maturity at noon. In addition, macro and micronutrient mineral analyzes 
were carried out using leaf samples taken from opposite the clusters during full 
blooming and veraison.

Table 1. Composition and formula of chemical and 
organic nutrient solutions used in the trial

Element Formula
HA
(mg kg-1)

H  
(mg kg-1) OLWF

N K2(NO3)2  150 210 %5
P H3PO4 30 31 %0.49
K K2SO4 175 235 %1.47
Mg MgSO4.7H2O 20 48 %0.78
S CaSO4.H2O 15 64 nd
Fe Fe-EDDHA 5 2.5 5257 ppm
Mn MnSO4. H2O 3 0.5 565 ppm
B H3BO3 0.4 0.5 nd
Cu CuSO4 5H2O 0.02 0.02 58 ppm
Zn ZnSO4 7H2O 1 0.05 152.5 ppm
Mo (NH4)6Mo7O24.4H2O 0.05 0.01 nd
pH 5.28
Total Dry Matter %13
Humic-Fulvic Acid %38

HA:Hoagland A;  H: Hoagland; OLWF: Organic Liquid Worm Fertilizer 
nd: non-determined
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Table 2. The amount of nutrients applied 
per plant in the first year of  the trial

Element Hoagland A Hoagland
Organic Liquid 
Worm Fertilizer

N (g) 12.75 17.85 37.40
P (g) 2.55 2.64 3.67
K (g) 14.87 19.97 10.99
Mg (g) 1.89 4.53 14.58
Zn (mg) 84.92 4.165 114.07
Cu (mg) 1.70 1.70 43.38
B (mg) 85.0 106.25 -
Mn (mg) 255.0 42.5 422.62
Mo (mg) 0.43 0.09 -
Fe (mg) 474.8 235.5 3932.2

Nitrogen (N) was determined according to Kjeldahl by using Shimadzu model 
UV 1201 spectrophotometer, phosphorus (P), vanado molibdo phosphoric 
yellow color method as reported by Bremner (1965). Potassium (K), calcium 
(Ca), magnesium (Mg), iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn) 
contents of the leaves were determined by atomic absorption spectrophotometer 
(Kacar 1972). 

The study was designed in 3 replications according to completely 
randomized plots in the first year and the randomized complete blocks 
experimental design in the second year. Each replicate contained three vines. 
Hence, the experiment was carried out with a total of 108 plants. The variance 
analysis of the obtained data was made using the JMP statistical program. The 
Least Significant Difference (LSD) test at a 5% significance level was used to 
separate different groups.

3. Results and Discussion 

3.1. Vegetative Development  

The effect of different substrate and nutrient solution applications on shoot length, 
node number, and shoot diameter in the first year is given in Table 4. In three 
separate times (May 25, June 8, and June 22, 2018, respectively), values measured 
for shoot length (46.05, 105.6, and 191.0 cm, respectively) and the number of 
nodes (14.81, 24.63, and 33.19, respectively) in Z+C (1:1),    shoot length values   
(46.67, 109.7, and 189.6 cm, respectively), and node numbers (15.96, 24.00 and 
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33.08, respectively) of vines grown in Z+C (1:2) medium were higher than other 
growing media. The effect of fertilization on the number of nodes was significant 
in all measurement times. Hoagland A and Hoagland nutrient solutions were 
statistically in the same group at the time of the first measurement of shoot length 
and the number of nodes and gave higher values   than OLWF.

In shoot diameter measurement, Z+C (1:1 and 1:2) medium (11.48 and 
11.32 mm, respectively) had higher values   than cocopeat (9.04 mm) and zeolite 
(8.36 mm) media. Hoagland A and Hoagland nutrient solutions resulted in a larger 
diameter (9.33 mm) than the OLWF. Considering shoot length in the first two 
measurements, node counting in all three measurement times of the interaction 
was not significant (Table 4). Among the substrates used in the study, the cocopeat 
medium gave the lowest shoot length and node number values. Tangolar et al. 
(2017), in their study using cocopeat and peat+perlite (1:2) growing media, found 
that the effect of the substrate varies according to the varieties, and the highest 
shoot length and node number values   in the cocopeat substrate in Yalova İncisi 
grape variety; They determined that the lowest shoot length and some nodes 
were obtained from Trakya Ilkeren and Prima varieties. Tangolar et al. (2019c), 
in another study in which they tried to determine the effect of three different 
substrates (cocopeat, perlite+peat (2:1) and basaltic pumice) on shoot length and 
the number of nodes of Early Sweet variety, including the cocopeat substrate, also 
found that the cocopeat substrate gave the lowest shoot length and the number of 
nodes. Baştaş & Tangolar (2018) determined the highest shoot length in plants in 
the cocopeat substrate using the same growth substrate. From these studies, it is 
seen that the effect of growing media varied according to genotypes.  

The shoot diameter of the vine directly affected the crop load in the second 
year. Baştaş (2017), examining the effect of different soilless culture substrate on 
first-year in Prima and Early Sweet grape varieties, stated that the vines grown 
in cocopeat substrate gave higher values for shoot diameter, which is compatible 
with our study. Additionally, in our study, it is seen that Z+C mixtures for Early 
Cardinal give better results than pure cocopeat medium. The shoot diameter 
is, therefore, considered that the difference may be due to the positive effect of 
zeolite mixed with cocopeat on the vine development. Our results obtained in the 
first vegetation period before the crop year of the plant are important in providing 
preliminary information about the second-year grape yield. At the end of this 
experiment, the shoot diameter and length values   obtained from all substrates and 
fertilizer applications at the end of the period were evaluated to be the first size 
according to the TS 4027 standard of cuttings and suitable for the characteristics of 
a well-lignified, reproductive annual cane (Anonymous 1995; Çelik et al. 1998).
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3.2. Chlorophyll Amount, Leaf Temperature, and Stem Diameter 

The effect of different substrate applications on the amount of chlorophyll was 
significant during full blooming and veraison, although no significant difference 
was found during the maturity stage. While the highest chlorophyll amount 
was detected in Z+C (1:2) substrate (36.88) at the full blooming stage, Z+C 
(1:1), Z+C (1:2), and cocopeat substrate were in the same statistical group, 
and the highest chlorophyll values (37.25, 37.73 and 37.04, respectively). 
The difference in the effect of different nutrient solution applications on leaf 
chlorophyll amounts at full bloom times was not significant. The highest amount 
of chlorophyll was measured in grapevines where Hoagland A and Hoagland 
fertilizers were applied during the veraison and maturity stages (Table 5). It has 
been observed in various studies that leaf chlorophyll contents vary based on 
the species, varieties, and applications (Sarı 2019). These measurements, Kaya 
et al. (2018), were found to be lower than the SPAD values (42.5 and 40.6, 
respectively), they obtained in Prima and Yalova incisi grape varieties grown in 
the Cocopeat substrate.

Regarding the leaf temperatures measured in full bloom, veraison, and 
maturity with the infrared thermometer device, the highest values were detected 
in zeolite substrate (43.95, 45.11, and 46.34 oC, respectively) in all three stages. 
In point of nutrient solutions, the highest leaf temperature values were measured 
in grapevines applied with OLWF (39.14, 44.61, and 46.24 oC, respectively) in 
these phenological stages. While there were significant differences in substrate 
and fertilizer applications in full bloom and veraison stages, leaf temperatures 
were not detemined significant differences during the maturity stage (Table 5). 
Additionally, it was observed that leaf temperatures increased by 2-9 oC in each 
measurement when compared to the previous measurement. This could possibly 
be due to the increase in ambient temperatures. Leaf temperature was measured 
as 45.11 oC maximum and 38.07 oC minimum during the veraison stages. These 
values were higher than the highest leaf temperature values measured as 34.13 
oC and the lowest 32.10 oC by infrared thermometer during the veraison stage 
in the Trakya Ilkeren variety cultivated in the open vineyard by Doğan (2020). 
This could possibly be because high humidity under cover affects the plant more 
than growing in open conditions.

In the second year of the study,  according to stem diameters in respectively 
of full bloom, veraison, and maturity Z+C (1:1) (13.62 mm, 15.17 mm and 14.60 
mm, in measurement time, respectively) and Z+C (1:2) (12.84, 14.67 and 14.49 
mm, in measurement time, respectively) gave higher values than zeolite and 
cocopeat applications. 
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The stem diameters of the vines fertilized with Hoagland A and Hoagland 
fertilizers were thicker than the vines subjected to organic fertilizers in all three 
phenological stages as in the first year (Table 5).  These values in the study of 
Baştaş (2017) were the lowest as 16.17 mm (basaltic pumice) and the highest 
stem diameter measurements in the period of veraison and maturity in the Prima 
grape variety grown in three different substrates (cocopeat, perlite+peat (2:1), 
basaltic pumice)  as 18.07 mm (perlite+peat). In the Early Sweet variety, it was 
determined that the value is in close similarity with the values of the lowest 
14.32 mm (perlite+peat) and the highest 16.86 mm (cocopeat) in the veraison 
and maturity period. 

Likewise, Kaya (2018) stated that the highest value was obtained from 
cocopeat substrate (20.01 mm) in the Prima variety and perlite+peat (21.87 
mm) in the stem diameter measurements made at maturity in the two-year-old 
Yalova incisi and Prima. Considering the stem diameter values for two-year-
old grapevines and the measured stem diameter for one-year-old grapevine 
in the study, those values like the results of Z+C (1:1 and 1:2) substrate were 
evaluated, which gave the best rates in our study. 

As a result of the measurements we obtained in both the full bloom and 
maturity stage, it was concluded that the plant stem diameter was thickened after 
adding zeolite to the cocopeat material. As a result, the yield ultimately increased. 
However, the values determined in OLWF are within the 8-12 mm values given 
for the 1st size vine cutting in TS 4027 cutting standard (Anonymous 1995; 
Çelik et al. 1998).
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3.3. Yield, Cluster, Berry Weight and Volume

The main philosophy of the soilless agricultural unit area in the world and 
Türkiye is considered as achieving higher efficiency and quality of the product. 
This study aims to place more plants per unit area and get much more yield per 
hectare. Therefore, the density of pots has been maximized. The rows of the 
grapevines are 0.6 meters on the row and 1.5 meters between the rows, and one 
plant is placed in an area of 0.9 m2. In the study, 1111 grapevines per decare 
were found.

The effects of different substrate and nutrient solution applications on 
yield, cluster weight, berry weight, and volume are given in Table 6. The highest 
yield (3456 g vine-1 and 3492 g vine-1, respectively) and cluster weight (288.0 
g and 291.0 g, respectively) have been taken from 1:1 and 1:2 mixed media of 
Z+C, where there is no significant difference between them. When the values of 
hundred berry weight and volume were examined, the best results were obtained 
from Z+C (1:2) mixture medium (440.5 g and 421.1 mL, respectively).

Differences in yield were found important between different substrates. It 
has been determined that Z+C (1:1) and Z+C (1:2) mixed media give twice the 
efficiency than zeolite and cocopeat substrate alone. These values are respectively 
38.4 ton ha-1 and 38.9 ton ha-1 in the mixed substrate, 17.2 ton ha-1 in cocopeat, 
16.9 ton ha-1 in zeolite. The yield of grapes per hectare in the open in Türkiye is 
reported to be 1027 kg (Söylemezoğlu et al. 2020). TUIK (2021) reported the 
amount of grape production in Türkiye is 10 tons per hectare. Zeolite substrate 
according to these results 1.9 times, cocopeat substrate 2 levels, Z+C (1:1) 
substrate 4.4 times, and Z+C (1:2) substrate gave 4.5 times more grape yield 
by the Türkiye average. In this way, the highest yield (3078 g vine-1 /34.2 ton 
ha-1) was obtained from vines fertilized with Hoagland nutrient solution, while 
Hoagland A with a yield of 2718 g vine-1 (30.2 ton ha-1) and OLWF was in third 
place with 1715 g vine-1 (19.1 ton ha-1). Compared to Türkiye average of the 
data obtained from different fertilizing Hoagland A to 3.5 times higher than the 
Hoagland fertilizer 3.9-fold and vines the 100% OLWF by cultivation in normal 
soil 2.2 times more grapes were taken.

The highest cluster weight was obtained from plants given Hoagland A 
(260.3 g) and Hoagland solution (280.7 g), whereas the lowest value obtained 
from OLWF (157.5g). The highest values in terms of hundred berry weight and 
volume were obtained from Hoagland A (432.4 g and 407.1 mL, respectively) 
and Hoagland (412.6 g and 387.9 mL, respectively) solutions, and they were 
statistically in the same group. The lowest values (253.5 g and 245.0 mL, 
respectively) were obtained from vines fertilized with OLWF (Table 6). 
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The bunches obtained from Z+C (1:1) and Z+C (1:2) media and Hoagland 
and Hoagland A fertilized vines are classified as “medium-sized bunches”. In 
contrast, zeolite, cocopeat, and clusters obtained from OLWF were found to 
be in the “medium-small bunches” class (Çelik 2011). According to TSE 101 
(Anonymous 2012), clusters obtained from Z+C (1:1) and Z+C (1:2) media and 
Hoagland and Hoagland A nutrient solutions are in the “Extra” group, cocopeat 
substrate “first-class bunch” with zeolite substrate organic worm manure is in the 
“second class bunch” class. According to the parameters of 100 berry volume and 
100 berry weight, the berries obtained from zeolite substrate and OLWF were 
classified as “medium-sized berries,” and the berries obtained from other media 
and fertilizer solutions were found to be classified as “large berries” (Çelik, 2011).

3.4. Must Properties

The highest TSS and acidity values were obtained from the cocopeat substrate 
(14.81% and 0.463 g 100 mL-1, respectively). It has been determined that different 
substrates have no statistically significant effect on pH and maturity index (Table 7).

Table 6. The effect of different substrate and nutrient 
solution applications on yield, cluster weight, berry weight and volume

Sources of 
Variation

Yield
(g vine-1)

Cluster 
weight (g)

Berry weight 
(g 100 berries-1)

Berry volume
(mL 100 berries-1) 

Substrate
Zeolite 1519 by 126.6 c 269.9 c 253.3 c
Cocopeat 1547 b 225.7 b 389.9 b 358.9 b 
Z+C (1:1)x 3456 a 288.0 a 364.4 b 353.3 b 
Z+C (1:2) 3492 a 291.0 a 440.5 a 421.1 a
LSD 5% 380.8 37.3 32.2 35.3
p- value <0.0001 <0.0001 <0.0001 <0.0001
Fertilizer
Hoagland A 2718 b 260.3 a 432.4 a 407.1 a
Hoagland 3078 a 280.7 a 412.6 a 387.9 a
OLWF 1715 c 157.5 b 253.5 b 245.0 b
LSD 5% 329.8 32.3 27.9 30.6
p- value <0.0001 <0.0001 <0.0001 <0.0001
Interaction
LSD 5% NS NS NS NS
p- value 0.1910 0.1583 0.1398 0.1170

x Z+C: Zeolite+Cocopeat, NS: Non-Significant, OLWF: organic liquid worm fertilizer,
 y Mean separation within columns by LSD multiple range test at 0.05 level
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While the effect of different nutrient solutions on Brix was not significant, 
the highest acidity value was found in vines with OLWF. In terms of maturity 
index and pH values, Hoagland A (33.91 and 3.90, respectively) and Hoagland 
(34.97 and 3.94, respectively) were in the same group, followed by OLWF 
(28.33 and 3.59, respectively). It was determined that the interaction was 
significant in the TSS, acidity, and maturity index but not in pH (Table 7). 
The must data showed that all vines are grown with different substrates. 
Different nutrient solutions meet the desired Brix value in the range of 12-20% 
and the maturity index value of 20 and above in early table grape varieties 
(Uzun 2004; Çelik 2011). In this study, the Brix value we obtained from the 
cocopeat substrate, Kaya et al. (2018) have a higher Brix value (13.69% and 
12.90%, respectively) in the Yalova incisi variety grown in cocopeat substrate 
and Baştaş & Tangolar (2018) in the Prima grape variety grown in cocopeat 
substrate (14.81%). Brix values were found lower than the values obtained 
from Cardinal variety (15.9%) grown in peat+perlite medium of Buttaro et al. 
(2012). 

3.5. Plant Nutrition Findings

According to the analysis results of the leaf blade samples taken from plants 
in 2018, it was determined that the highest N concentration was in zeolite and 
Z+C (1:1) and (1:2) (3.22%, 3.06%, and 3.27%, respectively). Cocopeat, in 
terms of P (1.11%) and K (2.17%);  zeolite for Ca (1.45%), zeolite and Z+C 
mixtures for N and Z+C (1:2) mixture for Mg (0.44%) concentration of the 
leaves gave the higher values than the others. The effect of the substrates on 
the Zn concentration was not significant. Fe value   of leaves (184.4 mg kg-1) in 
cocopeat; Mn values   (226.3 mg kg -1) were higher in Z+C (1:2) substrate. It was 
determined that while the effects of fertilizer applications on P, K, Ca, and Mg 
were significant, whereas the effect on the nitrogen concentration in leaf blade 
samples was not significant. The highest P and Mg concentrations were found 
in leaves of vines treated with Hoagland (0.97% and 0.45%, respectively) 
nutrient solution. In terms of K, the highest value was in the grapevines, where 
OLWF was applied with nutrient solution. The highest Ca concentration was 
obtained from Hoagland A and OLWF. Zn (26.33 mg kg-1) and Mn (381.3 mg 
kg-1) concentrations in leaves taken from vines with OLWF were higher than 
Hoagland and Hoagland A solutions. Fe (182.9 mg kg-1) value   in vine leave 
fed with Hoagland A fertilizer was higher than those fed with OLWF. It has 
been determined that the interaction was significant in elements, except for Zn 
(Table 8).
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Table 7. Effects of different substrate and nutrient 
solution applications on must properties

Sources of 
Variation TSS (%)

Acidity
(g 100 mL-1)

pH
Maturity 
index

Substrate
Zeolite 13.64 by 0.408 b 3.78 33.63
Cocopeat 14.81 a 0.463 a 3.84 32.45
Z+C (1:1)x 12.62 c 0.409 b 3.85 32.47
Z+C (1:2) 13.01 bc 0.438 ab 3.77 31.05
LSD 5% 0.71 0.044 NS NS
p value <0.0001 0.0484 0.1061 0.5682
Fertilizer
Hoagland A 13.57 0.406 b 3.90 a 33.91 a
Hoagland 13.46 0.390 b 3.94 a 34.97 a
OLWF 13.54 0.492 a 3.59 b 28.33 b
LSD 5% NS 0.038 0.07 3.23
p value 0.9321 <0.0001 <0.0001 0.0006
Interaction
LSD 5% 1.24 0.076 NS 6.47
p value 0.0005 0.0004 0.3619 0.0007

x Z+C: Zeolite+Cocopeat,    NS: Non-Significant, OLWF: organic liquid worm 
fertilizer,
 y Mean separation within columns by LSD multiple range test at 0.05 level

In the second year of the study (2019), the leaf samples were taken from the vines 
of different media and fertilizer applications were analyzed during the full bloom 
stage, showing that the applications’ effects on the macro and micronutrient 
concentrations were significant. Higher N, P, K, and Mg concentrations (3.61%, 
0.99%, 1.88%, and 0.76%, respectively) were obtained from cocopeat substrate. 
The highest iron values in zeolite, zinc, and manganese were higher in zeolite 
and Z+C mixtures. The effect of different fertilizer solution applications on the 
N, K, Zn, and Fe concentrations of the leaves taken during the full flowering 
stage did not display a statistical difference. The highest P level was detected 
in vine leaves fertilized with Hoagland (0.84%), and the highest Mg nutrient 
concentration (0.78%) was determined in vine leaves fertilized with OLWF. 
Among the nutrient solution applications, Ca concentration was high in 
Hoagland A and OLWF fertilized vine leaves (1.54% and 1.50%, respectively). 
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The highest Mn concentration was determined in vine leaves treated with 
OLWF. The effect of the interaction on the concentrations of macro and 
micronutrients in the leaves taken during full bloom was insignificant (Table 
9). In the second year of the study (2019), it was determined that the effect 
of different substrate and different nutrient solution applications on macro and 
micronutrient concentrations in leaf samples taken during the veraison stage 
was significant.

 To sum up, it has been determined that the effect of cultivation 
media on the concentration of N, P, K, and Ca nutrients was significant. 
However, the other nutrients did not show significant variances. The highest 
N concentration was detected in zeolite substrate and Z+C (1:1) (2.75% 
and 2.59%, respectively); P and K concentrations were obtained from vines 
grown in cocopeat (1.22% and 1.04%, respectively) medium. The highest 
Ca concentration was determined in vines grown in a zeolite substrate 
(2.35%). It has been determined that the effect of different fertilizer solution 
applications on P, Zn, and Mn concentrations was significant, but its effect 
on other nutrients was not significant. The highest concentrations in vines, 
from Hoagland for P, from OLWF for Zn and Mn were obtained. It has 
been determined that the effect of interaction on macro and micronutrient 
concentrations of leaves taken during the veraison stage was insignificant 
(Table 10).

Gül et al. (2006) reported that adding zeolite to the soilless culture medium 
significantly increases the amount of K absorbed by the plants and decreases 
the amount of K drained from the substrate. This is due to the ability of zeolite 
to hold K ions. In our study, it was seen that the opposite result came out in the 
first year. A lower concentration of K was detected in leaf samples taken from 
each of the three substrates where the zeolite was found than in the cocopeat 
substrate. This outcome may have been resulted from the interaction of the 
fertilizers used in the study with zeolite. According to the limit values   reported 
by Jones et al. (1991), the results of leaf analysis obtained from grapevines 
fertilized with different nutrient solutions, high concentration of N, P, and Fe in 
vines fed with Hoagland A; Mg and Mn concentration is sufficient; it showed 
that the concentration of K, Ca and Zn was deficient. According to the limit 
values   reported by the same researchers, N and P concentrations were high in 
vines fertilized with Hoagland; Mg, Fe, and Mn are sufficient; K, Ca, and Zn 
was determined to be deficient. Concentrations of N, P, and Mn are high in vines 
applied with OLWF; Mg, Zn, and Fe are sufficient; K and Ca concentrations 
were deficient.



GRAPE YIELD, QUALITY AND NUTRITIONAL STATUS OF ‘EARLY CARDINAL’ (V. vinifera L.) IN RESPONSE TO GROWTH SUBSTRATE  . . .     165

According to the limit values   of the leaf blade nutrient element 
explained by Robinson (1990) for the full blooming stage, in terms of nutrient 
concentrations in all substrate and fertilizer applications, N was sufficient, 
Mg excess and Zn were within low limit values. Besides, K concentration 
was high in cocopeat, sufficient in other substrate and nutrient solution 
applications, P concentration is sufficient in zeolite substrate, it is higher in 
other applications. According to the leaf nutrient limit values   explained by the 
same researcher for the veraison, it was determined that the N concentration 
was sufficient, Mg was high, and Zn was low in all substrate and fertilizer 
applications.

Regarding the nutrient limit values   explained by Jones et al.  (1991) 
for the full blooming stage, it was determined that N is in excess, Mg and Fe 
are sufficient, and Zn is in the deficiency group in all substrates and fertilizer 
applications. Besides, the P nutrient element is sufficient in zeolite, Z+C (1:1), 
and OLWF, it is sufficient in other applications. K element is sufficient in 
cocopeat and Hoagland applications; it is deficient in other applications. Ca 
concentration is deficient in cocopeat substrate; in other applications, it is 
sufficient. Mn concentration is sufficient in cocopeat substrate. It was found 
to be more in other substrate and nutrient solutions. From the veraison stage 
nutrient limit values, obtained from all medium and fertilizer applications; K 
and Zn concentration was incomplete, Mn to be sufficient and Mg concentration 
to be excessive (Jones et al. 1991).

When the nutrient limit values   determined by Benito et al. (2015) for 
the full bloom stage and the values   obtained in our study are compared, 
P, K, and Mg concentrations are high in all substrate and fertilizer 
applications; Ca, Zn, and Fe concentrations were found to below. One of 
the microelements, Mn is sufficient in the cocopeat substrate; it was found 
to be high in other applications. Grapevines given Hoagland A nutrient 
solution with zeolite and Z+C (1:1) medium of nitrogen concentration are 
sufficient; in other applications, it has been determined to be in high limit 
values. Considering the nutrient limit values   determined by Benito et al. 
(2015) for leaf blades in the veraison stage, P and Mg concentrations are 
high in all media and fertilizer applications; Ca and Fe concentrations are 
in a low class. 
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Conclusion 

As a result of the study, in the first year, the effect of Z+C mixing media 
and HA and H chemical fertilizers on shoot growth was better than the other 
applications. In the second year, while satisfactory yields were obtained from 
all substrates and vines have given OLWF with both chemicals, and appropriate 
quality was achieved, both Z+C (1:1 and 1:2) mixtures could be successfully 
used in soilless culture grape cultivation. As a growth medium, it was concluded 
that using zeolite alone would not be suitable enough, and using cocopeat mixed 
with zeolite would be more effective. In the fertilizer experiments, the values   
obtained from the grapevines given Hoagland and Hoagland A solution were 
very close. Both applications gave higher values   than the OLWF application. 
Macro and micronutrients determined in our experiment for all substrates and 
fertilizer applications were generally evaluated as sufficient or excess, according 
to the nutrient limit values given by some researchers for the full blooming and 
veraison stage.  It has also been concluded that it can be recommended to use 
different doses in OLWF to increase the yield even more.
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1. Introduction

According to the OIV report, 73.3 million tons of grapes are produced 
approximately in 7.5 million hectares of vineyard area, globally 
(OIV 2019). The world vineyard area is dominated by Spain, China, 

France, Italy, and Türkiye (448.000 ha). The major grape producers, ranked by 
their production in the volume are China, Italy, the USA, France, Spain, and 
Türkiye (4.2 million tons). Global table grape production was 27.3 million tons 
and generated mainly by China (9.5 million tons), Türkiye (1.9 million tons), 
India (1.9 million tons), Iran (1.7 million tons), and Egypt (1.5 million tons). 
Viticulture is devoted to table grape production as 36% globally and 57% in 
Türkiye (OIV 2019).
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Along with the increasing world population, the improvement in 
living standards in many countries has led to a demand for high-value fruits, 
vegetables, ornamental plants, medicinal and aromatic plants, especially 
high-quality, off-season products. This demand provides the development and 
spread of greenhouse production techniques using materials ranging from glass 
greenhouses to plastic covers, with the limited agricultural lands and the effects 
of scientific, economic, and technological developments worldwide. However, 
increasing the yield per unit area has become compulsory to cover the production 
expenses, which are higher in greenhouse cultivation than conventional. In 
agriculture, one of the most important cultural practices required to increase the 
yield per unit area is sufficient nutrients in the plant growing medium. Although 
it has a 10-15% share in input prices in agricultural production, it is known 
that fertilization alone increases the yield up to 50% (Demirtaş et al. 2012). 
Therefore, there is a need to develop new techniques that allow more effective 
plant nutrition. 

2. Cultivation of Table Grapes in Soilless Culture

Soilless cultivation is one technique that increases the yield per unit area in 
greenhouse production and reduces the use of fertilizers and water, which is an 
important goal of sustainable production in many horticultural crops. Soilless 
cultivation technique was first used in 1930 by British researcher Prof. Dr. 
William Gericke and then was developed in the Netherlands. Di lorenzo et al. 
(2013) stated that the first soilless cultivation studies started in Italy, one of the 
important grape growing countries, in the 1960s, and the increased to 40-50 ha 
in the 1990s and 400 ha in 2000, and after about ten years, 5-7% of horticultural 
crops cultivation in the greenhouse is composed of soilless cultivation. The 
countries that come to the fore in soilless agriculture are Netherlands and Spain. 
Soilless agriculture activities in Türkiye started in an area of   10 ha in Antalya 
in 1995 and reached 1200 ha in 2016 (Gül 2017 and 2019; Tüzel et al. 2020).

Soilless culture is a plant growing method in which the plant is nourished 
by the application of an appropriate nutrient solution in a growing medium that 
does not contain soil in the root zone (Savvas & Gruda 2018; Gül 2019; Raviv 
et al. 2019; Tüzel et al. 2019). It is a suitable technique for intensive production, 
thanks to controlled irrigation and plant nutrition (Raviv et al. 2019). Different 
methods range from substrate culture using perlite, zeolite, pumice, vermiculite, 
rock wool, sand, sawdust, peat, cocopeat, compost, etc., to the hydroponic 
system using only water and nutrient solution (nutrient film technique, etc.) 
(Tüzel et al. 2019).
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Soilless culture aims to meet the water and nutrient needs of the plants 
by using nutrient solutions prepared so that the plants will not be stressed. It 
is a technique that may be used in places with no soil or unsuitable for plant 
cultivation (disease and pest contamination, stony, rocky areas, high lime, high 
or low pH, near the sea salty areas, deserts, etc.). It is also preferred because it 
provides a suitable physical and chemical environment in the plant root zone, 
minimizes the risks in production, and increases quality and yield. 

Although soilless culture systems were initially developed for vegetables 
and ornamental plants, they are also used to cultivate grapes (Di Lorenzo et 
al. 2013; Buttaro et al. 2012; Tangolar et al. 2017, 2018, 2019 a,b,c), some 
fruits (Melgarejo et al. 2007; Schuch &  Peil 2011; Di Lorenzo et al. 2013; 
Rubio-Asensio et al. 2018; Tagliavini et al. 2005; Beyer et al. 2021). In recent 
years, it has been seen that table grape cultivation has been adapted to soilless 
culture due to its various advantages. The main of these advantages are; (1) to 
be able to obtain productive and high-quality products even in infertile soils, 
(2) no need for tillage and soil preparation, (3) no need for soil sterilization and 
base dressing, (4) protection from soil pathogens, (5) obtaining high yields by 
growing grape varieties on their own roots without the need for grafting onto the 
rootstock, (6) more controlled and more efficient use of water and nutrients, (7) 
reducing spraying, (8) no need for herbicide application, (9) reducing cultural 
practices, (10) obtaining higher quantity and quality of product per unit area 
due to frequent planting (10000-16000 plants ha-1), (11) obtaining two crops 
in one year, (12) production of new or traditional grape varieties in a wider 
period according to market demands, (13) control of harvest time (early or late 
ripening) (Di Lorenzo et al. 2005, 2009, 2012; 2013; Buttaro et al. 2012).

Despite the advantages mentioned above of soilless cultivation; (1) high 
input and energy costs, (2) environmental problems (disposal of exhausted 
substrates such as rock wool, losses in the soil of draining nutrient solution, use 
of vast amounts of plastics), (3) no indications for the distribution of pesticides 
with the nutrient solution, (4) dependence on electricity and other economic 
sectors, (5) requiring a high level of technical knowledge and skills (Di lorenzo 
et al. 2013). It has been stated that the relatively high organization cost of the 
soilless cultivation system can only be tolerated in Mediterranean countries 
(Savvas et al. 2013).

Grape cultivation in soilless culture, when considered together with 
greenhouse grape cultivation, seems to be an important cultivation method 
thanks to the above-mentioned advantages. It is thought that this technique may 
be used in both early and late-ripening grape varieties. As far as we know, no 
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breeder cultivates grapes in soilless culture commercially in Türkiye. Studies on 
this subject are carried out in department of horticulture of various universities 
and viticultural research institutes.

3. Variety Selection for Soilless Cultivation

Some of the early ripening grape varieties recommended for greenhouse 
cultivation, which started in the 1990s in the Mediterranean region; Yalova 
İncisi, Trakya Ilkeren, Early Cardinal, Ergin Çekirdeksizi, and Vittoria (Gök 
Tangolar et al. 2007; Tangolar et al. 2011; Tangolar 2016). Prima, Early Sweet, 
and Black Magic are suitable varieties that have been observed to be appreciated 
by producers in recent years (Baştaş & Tangolar 2018; Tangolar et al. 2019 
a,b). Early ripening grape varieties are harvested in the first weeks of Jun 
when grown open field and in mid or late May when grown greenhouse in the 
Mediterranean region. Favorable results were obtained from soilless cultivation 
with Early Cardinal, Early Sweet, Yalova İncisi, Prima, Trakya Ilkeren, Black 
Magic (Tangolar et al. 2017, 2019 a,b,c; Baştaş & Tangolar 2018) and Perle de 
Csaba, Italia and Alphonse Lavallée (Sabir et al. 2016 and 2017) in Türkiye; 
Vittoria, Black Magic, Matilde, Red Globe, Regal Seedless, Doria Seedless and 
Early Cardinal in Italy (Di Lorenzo et al. 2005, 2009, 2012, 2013; Buttaro et al. 
2012; Ruggiero et al. 2012) and Sultani Çekirdeksiz in Iran (Zareei et al. 2021).

4. Substrates Used in Soilless Culture

One of the critical reasons for the development of soilless cultivation is the 
increase of soil-borne pathogens in greenhouses where intensive cultivation is 
carried out and the high cost of their control. Organic (peat, compost, sawdust, 
bark) and inorganic (gravel, pumice, perlite, rock wool, zeolite, and vermiculite) 
substrates, which are used instead of soil, are almost free of pests and diseases; 
this is one of the important reasons for choosing the soilless culture technique. In 
addition, the ability to clean and disinfect these materials from microorganisms 
is seen as an important advantage for reuse in the next year. It has been reported 
that the physical and hydraulic properties of most substrates are superior to the 
soil. Another advantage of substrates used in hydroponic cultivation is that the 
uptake and use of water and nutrients through roots could be better controlled 
than in soil.

Affordability, accessibility, and usability are essential features considered 
in selecting substrates in various countries (Maher et al. 2008; Papadopoulos 
et al. 2008; Raviv & Lieth 2008). Bringing together mixes that will perform to 
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the desired performance at the lowest overall cost is one of the most common 
challenges faced by growers in various countries. A good soilless growing 
medium in which substrates are single or mixed; should have some physical 
and chemical properties. It should be well-drained and have a homogeneous 
texture that can hold air, water, and nutrients for the root system. It should be 
lightweight, porous (50 - 85%), has an easily adjustable pH of 5.0 - 6.5, and has 
low soluble salt content. It should be free from pathogens and should not contain 
any phytotoxic compounds for vines (Raviv et al. 2019; Tüzel et al. 2019). In 
future studies, it is important to compare the substrates with the control medium 
in terms of their capacity to hold and release water and nutrients and evaluate 
them in terms of affordability.

Among the different soilless cultivation techniques (Gül 2019; Raviv et 
al. 2019; Tüzel et al. 2019), the main technique used in Türkiye is substrate 
culture, commonly used substrates are perlite, pumice, rock wool, peat, and 
coconut peat. While perlite is locally available, rockwool and coconut peat are 
imported (Gül 2017; Tüzel et al. 2019). It has been shown that pumice may also 
be used effectively as a local resource for Türkiye (Baştaş & Tangolar 2018). 
Substrate culture is mostly used in table grape cultivation. The properties of 
some substrates used alone or in mixtures in soilless culture grape cultivation 
are presented below:

4.1 Peat: Peat is an organic material that is a critical component of plant growing 
media in Europe and North America due to its easy handling and excellent 
properties. It has high porosity, well-draining, and high water-holding capacity. 
The low pH (3.5-4.1) and nutrient content may be brought to the desired level by 
adding lime and fertilizer. Due to its lightweight, transportation is inexpensive. It 
is physically relatively stable when used as a growing medium. After using it in 
soilless culture, it may be used as a soil conditioner; there is no waste problem. 
Peat stratum in the world is found in Finland, Germany, Canada, and Ireland. 
Türkiye is not rich in high quality peat stratum (Maher et al. 2008), but there 
are peat stratum Kars/Göle and Bolu/Yeniçağ (Sevgican 2003; Çinkılıç 2008).

4.2 Cocopeat: Cocopeat is also known as coconut peat. Since this medium 
is not found in Türkiye, it is imported from India, the Philippines, Indonesia, 
Sri Lanka, and Latin American countries. It is a fibrous and organic material 
obtained from the Cocos nucifera (coconut) tree. It is made ready for use by 
chopping the coconut fruit peels, disinfecting, pressing, and packaging. It is 
marketed as 5-25 kg pressed blocks for easy transportation. It has a water-
holding capacity of 5-9 times its own volume. Due to the low nutrient content, 
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the plant nutrients required for soilless cultivation must be added externally. In 
addition to its slow decay, cocopeat is an organic material that is very suitable 
for recycling as it contains 94-98% organic matter in its dry weight, and its pH 
is 5.5-6.5 (Kasım & Kasım 2004; Gül 2019). Nelson et al. (2004) showed that 
cocopeat is physically more stable than peat. Fornes et al. (2003) attributed the 
differences in physical properties of cocopeat and peat to their microstructure 
and porosity. They stated that the fiber particles had a much higher surface 
porosity (41%) than peat (12%).

4.3 Compost: The physical and chemical properties of composted materials 
depend on the materials used. A study on compost determined that the N contents 
of mushroom compost samples from various countries were similar (Noble 
2005). Onion waste was determined to have the lowest lignin and highest soluble 
carbohydrate content, possibly due to a shorter composting time. Compost made 
from grape wastes was found to be woodier than those made from other wastes. 
In composts made with various materials in various countries (Noble 2005), it 
has been determined that the dry weight ranged between 25.5% and 83.4%, the 
pH ranged between 5.7-8.4, and the EC ranged between 94-549 mS/m. It has 
been found that the moisture content and K concentration of composts prepared 
from vegetal wastes are higher than other composts (Maher et al. 2008).

4.4. Perlite: Perlite is a local material, and more than half of the world’s perlite 
reserves are in Türkiye. There are perlite reserves in Bayburt, Erzurum, Kars, 
Muş, Van and Iğdır in Eastern Anatolia, in Ankara and Nevşehir in Central 
Anatolia, and in Balıkesir and İzmir in the Aegean Region. It is a material 
obtained by exploding volcanic rocks by exposing them to temperatures of 
900 - 1000oC all at once. There is no waste problem and could be used for a 
long time by sterilizing when necessary. Its water holding capacity is quite high 
(229-360), its volume weight is 0.389 g/cm3, its EC is 0, and its pH is 6.5-7.5. 
Since its thermal conductivity is low, plants are not negatively affected by daily 
temperature changes. Perlite is a material 90% of which consists of air spaces; 
its porosity is more than 60%. 5-10% of the perlite produced globally is used in 
agriculture (Sevindi 2003).

4.5 Pumice: Pumice; it is a very porous, sponge-like silicate-based volcanic 
rock. Chemically, the silica content can reach up to 75% (Elmastaş 2012; MTA 
2021). It has two types, acidic and basic, and the type used in agriculture is 
the basaltic one. Basaltic pumice with dark, brownish, blackish colors is also 
called basic pumice or volcanic tuff. Türkiye has significant potential in terms 
of pumice reserves. Most of the pumice reserves in Türkiye are located in 
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Isparta, Burdur, Muğla, Bitlis, Kayseri, Nevşehir Ağrı, Kars and Van provinces 
(Elmastaş 2012; MTA 2021). Since pumice preserves the water for a long time 
and provides a moist medium, it proposes a partial solution to drought, and is 
so widely used (Özkan & Tuncer 2001). The water absorption rate of pumice is 
more than 50% (İlhan & Özdağ 1997); it is an ideal growing medium for soilless 
agriculture that may give the water it holds depending on the needs of the plants 
(Tangolar et al. 2019). The particle size of pumice to be used in the agricultural 
sector is mostly <8mm (Gizas & Savvas 2007).

4.6 Zeolite: Zeolites; are defined as porous, hydrated aluminum silicate crystals. 
It is reported to reduce water use by 10-12% (Demir & Polat 2003). Zeolites 
found in about twenty regions in Türkiye, especially in Western Anatolia, are 
primarily in acid composition tuffic rocks. The most common and economically 
important zeolite mineral is clinoptilolite. It is a substrate that is suitable for 
reuse; its physical properties do not change over time. The substrates mentioned 
above do not pose a waste problem. They are materials that may be used in 
landscaping and soil improvement (Özün & Sivrikaya 2018) after being used in 
soilless culture grape cultivation. 

Studies have been conducted to determine the most suitable growing 
medium in soilless culture table grape cultivation (Tangolar et al. 2019b). Sabır 
et al. (2020) used perlite: peat (1:1) mixture; Baştaş & Tangolar (2018) used 
cocopeat, perlite: peat (2:1) mixtures and basaltic pumice; Tangolar et al. (2017 
and 2018) used a mix of cocopeat and perlite: peat (2:1); Buttaro et al. (2012) 
used perlite: peat (2:1) mixtures and obtained favorable results.

5. Containers Used in Soilless Culture

Although it is possible to use logline, grow bag, or plastic bag as containers in 
soilless culture grape growing, the pots with a volume ranging from 3.5 to 40 
L are mostly used, and favorable results are obtained. Di Lorenzo et al. (2003) 
used 3.5 L, Polat et al. (2003), Kaya et al. (2018) and Tangolar et al. (2017; 
2019a,b,c) used 32 L; Sabır et al. (2016) used 40 L, Buttaro et al. (2012) used 
10 L and Zareei et al.( 2021) used 20 L pots in their studies.

The choice of pot sizes depends on the variety, substrate, length of the 
vegetation, and period of use. Appropriate pot size allows plants to be grown in 
the smallest root volumes, reducing substrate costs, and placing more plants per 
unit area. In this context, it is aimed to reach sufficient root volume and a high 
growth rate via appropriate fertilization that provides water and nutrients that 
may be taken in adequate quantities. 
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The choice of container depth depends on the plant species, the length 
of the growth cycle, and the substrate. It has been shown that the depth of the 
containers has a more significant effect than the volume on successful plant 
growth (Dominguez-Lerena et al. 2006). Containers are generally preferred to 
be deeper than 20 cm. The drip irrigation system is used to provide a nutrient 
solution for each plant individually, and drainage is usually supplied by the 
overflow opening at the bottom of the container. The growing media mainly used 
in pot culture studies are cocopeat, perlite, pumice, and their mixtures (Savvas et 
al. 2013; Kaya et al. 2018; Tüzel et al. 2019; Tangolar et al. 2017, 2019a,b,c). 

6. Nutrient Solutions Used in Soilless Culture

The growing medium, formulation, and application of the nutrient solution 
are the essential variables of the soilless culture technique. Substrate culture is 
widely used in soilless culture grape cultivation. In this culture, the water and 
nutrient requirements of the vines are met by the drip irrigation system. The 
nutrient solution is applied so that approximately 10-30% drainage is obtained 
(Gül 2019). The water holding capacity of the growing medium, its EC, and the 
total water consumption (L or mm) of the vine during the vegetation period are 
considered in determining the irrigation time and amount. In recent years, it has 
been reported that the irrigation method depending on the light intensity value 
in joules used in soilless culture production of some vegetables may also be 
effective (Gül 2019). 

In soilless culture cultivation, the nutrient solution is applied by two 
systems. The first is the open system, where the nutrient solution is discharged 
directly out of the system after it is used in the soilless culture system. The 
second is the closed system, where the nutrient solution that enters the system 
is disinfected for reuse and reintroduced to the soilless culture system by 
completing the decreasing nutrient elements and adjusting the salinity (Electrical 
conductivity) (Winsor & Schwarz 1990). 

In greenhouse cultivation in a closed system, nitrate and phosphate 
pollution caused by fertilization is reduced, and this provides a significant 
reduction in water and fertilizer use (Schröder & Lieth 2002). Although the 
closed cultivation system does not cause a decrease in the yield and quality of 
the product, the salt accumulated in the recycling of the nutrient solution may be 
considered as a limiting factor in plant cultivation in the substrate medium. This 
factor is related to the salt ions in the irrigation water (Santamaria et al. 2003). 
In addition, it is necessary to establish a disinfection system to recycle the water 
of the waste nutrient solution in a closed system (Öztekin et al. 2003). 
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In soilless systems, higher water and nutrient concentrations are generally 
recommended to ensure the meet of plant’s nutritional needs. In these systems, 
more concentrated nutrients are required, as the buffer conditions such as ion 
exchange, absorption-deabsorption, dissociation, and precipitation are not as 
good as soil (Di Lorenzo et al. 2013). Most studies on soilless grape growing 
use Hoagland nutrient solution or modified forms (Hoagland and Arnon, 1950). 
The nutrient solutions and concentrations used in the studies are given in Table 
1 (Tangolar et al. 2017 and 2019c; Baştaş & Tangolar 2018; Kaya et al. 2018; 
Atalan 2020; Buttaro et al. 2012; Zareei et al. 2021). The authors reported that 
the nutrient solutions they used did not have any negative effect and could be 
used in different studies. The macroelement concentrations used by Di Lorenzo 
et al. (2013) in Centennial, Matilde, Perlon, and Victoria cultivars are given in 
Table 2. The nutrient solutions used by the same researchers and the amounts of 
water and minerals per vine in the vegetative and crop cycles are given in Table 
3 and 4. Buttaro et al. (2012) used different nutrient solutions given in Table 5 to 
determine the effects of reducing some macroelements in the Hoagland nutrient 
solution by 30%. The total concentration of macro and microelements used by 
Baştaş (2017) in the vegetative and crop years is given in Table 6. The amount 
of water applied per vine in phenological periods by Baştaş (2017) is given in 
Table 7.

7. Cultivation Technique of Grapes in Soilless Culture

7.1. Vegetative cycle: Obtaining plant material (1st year)

In the first year of soilless culture grape cultivation, the plants are grown in the 
open field. This year, it is essential to obtain a healthy, productive shoot with 
standard sizes and a well-lignified cane (Figure 1). For this purpose, two-five 
bud cuttings with 7-10 mm diameter, well lignified, healthy canes are prepared in 
January-March, are irrigated, and rooted in perlite (Tangolar et al. 2017; Baştaş 
& Tangolar 2018) or peat. (Buttaro et al. 2012). Rooted plants are transferred 
to 3.5-40 L pots containing a suitable substrate after 1-2 months (March-April) 
(Di Lorenzo et al. 2003; Buttaro et al. 2012; Tangolar et al. 2019 a,b,c; Baştaş 
& Tangolar, 2018; Sabır et al. 2016 and 2017). Following the transfer process, 
nutrient solution application is started with irrigation. Shoots were topped in 
1.80 cm, and the lateral shoots below were removed (Table 8). This application 
provides thickening and lignification of the shoots (Baştaş & Tangolar 2018). 
Di Lorenzo et al. (2003) reported that shoots with 25-30 mm diameter are more 
productive.
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7.2. Crop cycle: Grape production (2st year)

The canes obtained at the end of the first year are pruned to a length of 1-1.5 
m and transferred to the plastic greenhouse in January-February, following 
defoliation (Tangolar et al. 2017) (Figure 2). It is appropriate to grow the vines 
in Guyot (one-armed, two-armed, or twisted Guyot) (Tangolar et al. 2019 a,b,c; 
Atalan 2020), vertical cordon (Polat et al. 2003), or tendone system at 0.40-
0.75 m x 1.5-2.0 m row spacing (Tangolar et al. 2019 a,b,c; Buttaro et al. 2012) 
i.e. with density of 7000-15000 vine in per hectare. Plants are fertilized with 
a suitable nutrient solution using a drip irrigation system as from bud burst. 
Fertilization is continued as 1-3 L pot-1 per day, depending on the needs of the 
plants. It is recommended that the pH of the nutrient solution is 5.5-6.0 and that 
10-30% of it should be drained (Tangolar et al. 2019a,b,c; Buttaro et al. 2012). 
The working schedule for the crop year is given in Table 8.

8. The Yield of Table Grapes in Soilless Culture   

In the studies on soilless table grape production, the authors determined that 
productive and high-quality grapes in accordance with international market 
standards could be obtained. The findings concluded that the cultivars grown in 
soilless culture could reach higher yield and acceptable quality than those grown 
under traditional conditions. Some of these studies are given below:

Di Lorenzo & Mafrica (2000) and Di Lorenzo et al. (2009 and 2012) 
reported that 40 t ha-1 yield could be obtained in table grape cultivation in soilless 
culture. In their study, it has been shown that crops were obtained twice a year, 
the first cycle between January and June and the second cycle between July 
and October. Black Magic and Victoria cultivars were grown in two production 
cycles in the same greenhouse in the same year, and a total yield of 60 and 70 t 
ha-1 was obtained from the two cycles, respectively.

In two experiments of Buttaro et al. (2012) conducted in Italy, yield, and 
cluster weight in the first experiment were 21.7 t ha⁻¹ and 419 g, respectively; in 
the second experiment, it was determined as 29.4 t ha⁻¹ and 689 g. 

Di Lorenzo et al. (2013) reported that 39 and 45 t ha-1 grape was obtained 
in the first cycle in Vittoria and Black Magic grape cultivars, and a total of 78 
and 67 t ha-1 in two cycles.

In the study of Tangolar et al. (2017), the highest yield was determined 
in the second and third crop years in Prima as 58.8 t ha-1 and 37.3 t ha-1 and in 
Trakya Ilkeren as 58.4 t ha-1 and 35 t ha-1 respectively. 

Baştaş & Tangolar (2018) obtained approximately 35 t ha-1 yield with 
20 clusters/vine from Prima cultivar grown in the soilless culture. Kaya et al. 
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(2018) obtained a yield of 4875 gr vine-1 (43.3 t ha-1) and 2703 gr vine-1 (24 tons 
ha-1) from 2- and 3-year-old Yalova İncisi cultivars, respectively. In Prima, the 
yield of 2 and 3-year-old vines was determined as 4252 g vine-1 (37.8 t ha-1) and 
3984 g vine-1 (35.4 t ha-1), respectively. 

Table 1.  Some nutrient solutions used in the 
studies of soilless culture table grape cultivation (ppm)

Mineral A B C D E F

N 210 100 150 100 and 200 150 224
P 31 20 30 20 30 62
K 234 150 175 75 and 150 175 235
Mg 48 20 20 20 20 24
Fe 2.5 5 5 5 5 1.12
Mn 0.5 3 3 3 3 0.11
B 0.5 0.4 0.4 0.4 0.4 0.27
Cu 0.02 0.2 0.02 0.2 0.02 0.03
Zn 0.05 1 1 1 1 0.13
Mo 0.01 0.05 0.05 0.05 0.05 0.05

A: Atalan (2020); Hoagland & Arnon (1950); Zareei et al. (2021), (Hoagland solution)
B: Tangolar et al. (2017); Baştaş & Tangolar (2018); Tangolar et al. (2019a)
C: Kaya et al. (2018)
D: Tangolar et al. (2019b)
E: Tangolar et al. (2019c)
F: Tangolar et al. (2019c); Buttaro et al. (2012)

Table 2. Concentration ranges of macronutrients (mM) 
in soil and soilless plants (Di Lorenzo et al. 2013)

Nutrient Soil Soilless
N-NO3

- 0.5-10 (usually ) <1-2) 5-20
N-NH4

+ 0.02-0.05 0.5-2
P (H2PO4

-) 0.005-0.05 0.5-2
K+ 0.2-2 5-10
Ca2 

+ 0.5-4 3-6
Mg2+ 0.2-2 1-2
S (SO42- ) 0.1-2 1.5-4

N-NO3
 −, nitrogen as nitrate ion; N-NH4 

+, nitrogen as ammonium ion; P (H2PO4
−), 

phosphate as dihydrogen phosphate ion; K+, potassium; Ca2+, calcium; Mg2+, 
magnesium; S (SO4

2–), sulfur as sulfate ion.
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Table 3. Quantity of water (L) and mineral elements (g) 
for each plant during the vegetative and crop cycle (Di Lorenzo et al. 2003)

Water N P K Mg Fe Mn Zn

580 29.2 7.8 34.8 18.3 1 0.3 0.2

Table 4. Composition of the different nutrient solutions 
(mgL-1) (Di Lorenzo et al. 2003)

Nutrient
solution

N P K Mg Fe Mn Zn

1 44.25 10.98 42.50 25.66 5.31 0.66 0.33
2 103.50 30.60 137.0 52.71 0.53 1.06 0.53
3 36.86 9.18 44.39 30.43 0.16 0.32 0.16

Table 5. Nutrient solutions with some macroelement 
concentrations reduced by 30% (Buttaro et al. 2012)

Nutrient solution (NS)
N P K+ Ca2+ Mg2+

mM
NS1 (Hoagland-type) 16.0 2.0 6.0 4.0 1.0
NS2 (Hoagland - 
30% N, P, K, Ca, and Mg)

11.2 1.4 4.2 2.8 0.7

NS3 (Hoagland - 30% N and P) 11.2 1.4 6.0 4.0 1.0
NS4 (Hoagland - 
30% N, P, Ca, and Mg) 

11.2 1.4 6.0 2.8 0.7

Table 6. Quantity of mineral elements in different 
years used for each plant (Baştaş 2017)

Years
N P K Mg Fe Zn Mn B Mo

g kg-1 mg kg-1

1st Year:
Vegetative cycle

10.9 2.34 12.5 2.92 722 130 238 52 2.25

2nd Year:
Crop cycle

14.8 3.19 17.0 3.99 986 178 325 71 3.08
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Table 7. Quantity of water according to the phenological phases 
(L vine-1) (Baştaş 2017)

Phenological phase
Prima Early Sweet

Cocopeat

Bud Break-Bloom 14.00 10.50

Bloom-Veraison 50.50 57.50

Veraison-Harvest 68.25 46.50

Perlite: Peat (2:1)

Bud Break-Bloom 17.50 12.50

Bloom-Veraison 62.00 70.00

Veraison-Harvest 74.75 49.50

Basaltic Pumice

Bud Break-Bloom 14.50 11.00

Bloom-Veraison 47.50 54.50

Veraison-Harvest 64.75 44.25

Table 8. Vineyard management during the vegetative and crop cycle

Jan. Feb. Mar. Apr. May Jun. Jul.
1st Year: Vegetative cycle
Rooting of cuttings X X X
Transferring to pots X X
Lateral shoot removal X X X
Topping X
2nd Year: Crop cycle
Pruning X X
Training and tying X
Cluster thinning X X X
Leaf removal X X
Ripening and harvest X X

In the study of Tangolar et al. (2019a), the highest grape yield (38 t ha–1) of 
Early Sweet cultivar grown in soilless culture was obtained from perlite:peat 
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mixture and 15 clusters/vine. Basaltic pumice, an easily acquirable and cheap 
material, has also been suggested because of its acceptable yield levels. In 
another study by Tangolar et al. (2019c) the highest yield and cluster weight 
were obtained from pumice in Early Sweet (2066 g vine-1 (18.3 t ha-1) and 344.4 
g, respectively); and from perlite:peat in Trakya Ilkeren (1981 g vine-1 (17.6 t 
ha-1) and 495.1 g, respectively).

9. Conclusion

Soilless growing system is still applied in the field of vegetables and 
ornamental plants on a large scale in the world and in Türkiye. However, 
studies have shown that significant advantages may also be obtained with 
the use of this technique in table grape cultivation. In soilless grape growing 
researches, the subject has been discussed in terms of choice of suitable 
varieties, the substrates used, the containers used, the nutrient solutions, the 
growing techniques and the grape yield. As a result, it was concluded that 
soilless cultivation may be used commercially by grape producers in suitable 
ecologies.

Figure 1. Vegetative cycle: a. Planting of cuttings, b. Rooted cuttings, 
c. Transferring of rooted cuttings into the pots (April-May), 

d. Shoot growth and lignification 
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Figure 2. Crop cycle: a, b, c. Training of the vines, a. Vertical cordon, 
b. One-armed Guyot, c. Twisted Guyot, d. Cv. Black Magic, 

e. Cv. Yalova İncisi, f. Cv. Early Cardinal 
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1. Introduction

The vine is an ancient plant, grapes are consumed as fresh or dried and 
used in winemaking. Grape culture has its beginnings in Asia (Levadoux 
1956; Zohary & Hopf 2000; McGovern 2003).  The grape, which started 

to be seen in Anatolia about 8,000 years ago, has reached the present day by 
spreading to many regions of the Anatolian geography simultaneously or at 
different times. When the history of the vine in Anatolia is examined, grapes were 
used as an economical source of income, a therapeutic fruit, a wine for pleasure, 
or a product used for decoration in architecture and handicrafts (Winkler 1949; 
Anonymous 1972; Gürkan 2014). 

Grapes are grown worldwide and they are eaten fresh and dried but 
mostly to make wine and used as other fermented beverages, on the other hand, 
unfermented juice. Raisins are extensively consumed worldwide in raw form or 
in the cooking, baking, and brewing industries because attractive flavor, texture, 
and nutritional value (vitamins A, B₁, B₂, Niacin and C). Türkiye, USA, China, 
Iran are among the important raisin producers in the world. Half of the world’s 
total raisin production has been supplied by Türkiye and US for long years 
(Winkler 1949; Ağaoğlu 1999; Yılmaz et al. 2020; Ünal & Soltekin 2018). 

2. Raisin Varieties 

Raisins have been produced from different types of table grape cultivars, grapes 
must be the variety that yields raisins by certain standards when dried under 
natural or controlled conditions.  Raisins have their unique flavor, color, and 
shape size (Winkler 1949; Ağaoğlu 1999; Kedage et al. 2007; Zemni et al. 2017; 
Jun et al. 2021). The term is limited to the production of a few varieties of raisins. 
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Only three varieties are grown commercially to produce raisins in countries with 
suitable growing conditions, which have dominated the world market for many 
years. ‘Thompson Seedless’ is important grape cultivars for the production of 
raisins. Its berry is elongated and oval. This grape has early ripening; the berries 
are easily separated from each other after drying. The other important cultivar 
is ‘Black Corinth’, which yields smaller raisins than the  ‘Thompson Seedless’  
cultivars, and it originated from Greece. ‘Thompson Seedless’ is preferred in 
the pastry industry because of its size, spherical shape, reddish to black color,  
thin skin, and seedless, because of its early ripening,  quick-drying, and high 
production. ‘Muscat of Alexandria’ cultivar is the third important source for 
raisins production. This grape variety, which is muscat grape, is large, sweet, 
juicy, and contains few seeds. The main problem of this variety has seeds, and 
the seeds must be removed before drying (Christensen et al. 1995; Christensen 
& Peacock 2000; Thompson 2000; Ramming 2009). 

Thompson Seedless (Sultanina) – It has originated in Asia Minor. The grape 
called ‘Thompson Seedless’ in California is known as ‘Oval Kishmish’ in 
Türkiye, Iran, and other countries of Asia, and Near East or in the eastern 
Mediterranean regions and ‘Lady de Coverly’ in England (Winkler 1949; İlter 
& Altındişli 2007; İşçi & Altındişli 2015). 

The clusters of ‘Thompson Seedless’ are large (typically ranging between 
227 and 680 g), cluster is heavily shouldered; long cylindrical, and well filled 
(Figure 1).

Figure 1. Thompson Seedless. Photo, Anonymous (2021a) 
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‘Thompson Seedless’ berries are uniform and medium-sized (mean 1.8 g, 
typically ranging between 1.5 and 2.5 g). Their berries are ellipsoidal elongated; 
greenish-white to light golden; always seedless; firm and tender in texture; 
neutral in flavor; very sweet when fully ripened; moderately tender-skinned 
with light bloom, and fleshy pulp.The fruit ripens early in the season. Since the 
pedicels are somewhat weak, the berries shatter in transit if not the vines are 
girdled or the cluster are sprayed with a growth regülatör. Leaves have three 
lobes, are medium green in color; large and glabrous on both sides, teeth are 
convex and mean-sized. Shoots are long; light green to yellowish-green; straight 
shoots with medium to long internodes, shoot tips light green and shiny. The 
vines are very vigorous and productive. The grapes dry easily into raisins of 
soft texture and excellent quality. Raisins are medium-sized (0.4 to 0.6 g); when 
dried naturally without dipping, its color is bluish-dark brown and has medium 
wrinkles (Winkler 1949; Christensen et al. 1995).

Black Corinth (Zante currant) –  The ‘currant’ is oldest raisins, they have small 
berry size. It is another important group of seedless grape varieties produced in 
the world. Pliny, a Roman author, naturalist and natural philosopher of the early 
Roman Empire, mentioned of a tiny Greek grape with bunches exceedingly 
small, thin-skinned, juicy, and sweet.  Trade of this raisin was recorded in the 
11th century in some documents between the Greek producers and the Venetians. 
Raisins were reported as ‘Reysyns de Corauntz’  during the forty years from 
1334 to 1377 in English markets. The name give from ‘Corinth’, the name of 
the port, this fruit reached western Europe from this port. There are different 
types of this grape variety, which is parthenocarpic, for example ‘Red (Rose) 
Corinth’ and ‘White Corinth’. These are distinguished from ‘Black Corinth’ by 
their red and white fruits. Synonyms include Corinthe noir in France, Raisin de 
Corinthe in Greece; and Passolina and Passerina (Italy). 

The clusters of ‘Black Corinth (Zante currant)’ are small to medium in size 
(mean 182 g, ranging between 91 and 272 g); winged, uniformly cylindrical 
(Figure 2). ‘Black Corinth’ berries are very small (0.35 to 0.6 g); spherical 
to oblate. They are a reddish black color, mostly seedless, with an occasional 
seeded berry of medium size. The berry of ‘Black Corinth’ has very juice, neutral 
to spicy in flavor. Its skin is very thin and tender, pulp juicy and soft;  flavor-
rich, sweet, and fruity when fully ripe. Seed traces are almost undetectable in 
berries. Leaves are oblong; cordiform; medium-sized; five-lobed with deep. The 
petiole is medium-slender with pink tinge hoots.  Shoots are medium internodes; 
medium green with very light pink coloration when herbaceous, light brown to 
brown when mature.   Shoot tips are light green and white pubescence.
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Figure 2. Black Corinth (Zante currant). Photo, Anonymous (2021a)

The vines are very vigorous and are productive if girdled or treated with a 
growth regulator. ‘Black Corinth’ ripens early and raisins are very small (0.09 to 
0.14 g); bluish dark brown to black, and have medium to fine wrinkles (Winkler 
1949; Christensen et al. 1995). 

Figure 3. Muscat of Alexandria. Photo, Anonymous (2021a)
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Muscat of Alexandria – The Muscat of Alexandria, of North African origin, is 
a very ancient variety, made the raisins of Spain - the cluster Malagas and the 
stemmed Valencias or Muscatels. ‘Muscat of Alexandria’ is an important raisins 
variety in Australia. The clusters of ‘Muscat of Alexandria’ are medium-sized 
(mean 454 g, ranging between 114 and 999 g); shouldered, conical; loose, often 
straggly (Figure 3). 

The berries of ‘Muscat of Alexandria’ are large (mean 5.5 g); obovoid, 
and dull green to light yellow with some ambering of exposed berries, they 
have flesh pulpy. When fully ripe in flavor, it has a strong muscat flavor and is 
normally seeded (seeds mean 30 mg dry weight). 

Leaves are medium-sized; have a dark green color; petiolar sinus a narrow 
V often closed. The petiole is light pink in color and long, especially at the leaf 
junction. Shoot tips are woolly and light brown to brown color when matured. The 
vines are medium in vigor and very productive; they are head- or cordon-pruned. 
The ripening period of ‘Muscat of Alexandria’ is late midseason, and the grapes 
dry easily into large raisins of soft texture and excellent quality. Raisins are very 
large (mean 1.0 g); bluish dark brown; muscat flavor. They have medium to coarse 
wrinkles. The Muscat of Alexandria is adapted only to hot regions and is particularly 
sensitive to cold during its blooming season (Winkler 1949; Christensen et al. 1995). 

Sultana (Round Seedless) – This grape resembles the Thompson Seedless, but 
differs in having smaller, oblate, round berries - a few containing partly hardened 
seeds. The berries of ‘Seedless Sultana’ are round; light green to amber yellow, 
and have only a light bloom, which gives them a more transparent appearance 
than ‘Thompson Seedless’. The clusters are very large, compact, cylindrical, 
and heavily shouldered (Figure 4). 

Figure 4. Seedless Sultana (Round Seedless). Photo, Anonymous (2021a)
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Seed traces are often larger than those in ‘Thompson Seedless’. The ‘Sultana’ 
vine is vigorous and productive. It produces less meaty and more reddish colored 
raisins, and its sugar accumulation is inferior to that of ‘Thompson Seedless. 
In general, as a raisins grape, it is lower ‘Thompson Seedless’ (Winkler 1949; 
Christensen et al. 1995; Vasilopouloua & Trichopoulou 2014). 

Monukka (Black Monukka) – Although its true origin is unknown, the name of 
this grape is thought to come from the Persian word “Munaqqa” which means 
“raisins”. Its raisins are somewhat larger than those of Thompson Seedless. 
They have a mild, nutlike flavor; and are prone to becoming sticky in storage. 
In some years, the seeds of some berries develop sufficiently to be objectionable 
in the raisins. 

The clusters of ‘Monukka (Black Monukka)’ are very large and very long; 
usually shouldered, conical irregular; loose to well filled, and mean 680 g, with 
a range of 226 to 1,135 g. The berries of the cluster are medium (mean 3 g); 
long oval to cylindrical; pink to reddish-black when fully ripe, thin-skinned, and 
with firm pulp; mostly seedless. Leaves are large; glabrous, which have deeply 
5-lobed (Figure 5).

Figure 5. Monukka (Black Monukka). Photo, Anonymous (2021a)

The Black Monukka is a very vigorous grower and performs well with cordon 
pruning. The Monukka raisins are a darker color, and have larger seed traces 
compared to ‘Thompson Seedless’. It is mostly used in specialty markets such 
as health food stores for its unique qualities, including blackish color, tender 
skin, and has a characteristic-rich flavor (Winkler 1949; Christensen et al. 1995).
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3. Raisins

Drying; it is the process of reducing the available water to prevent food from 
spoiling and increase its durability. Drying is an ancient and economical method 
to store and travel grapes for a long time without losing their nutritional value 
(Özer 2019). There are pieces of evidence of the use of raisins in archaeological 
finds in Bronze Age at Lachish in Israel. Raisins spread throughout the western 
world by Egyptians. The grape is unique, and it will naturally dry with no 
special pre-treatment. In the drying process, the water in the fresh grapes is 
evaporated, increasing the sugar content and decreasing the water activity. In this 
way, slowing down microbial, enzymatic, biochemical and chemical reactions. 
The shelf life of the product can be extended. Raisins are an important product 
with high economic value in worldwide. Raisins are a staple food, and ‘raisin’ 
originates from the French word ‘racemes’, which means ‘a cluster of grapes or 
berries’. In order for a grape variety to be qualified as a good drying raisin, the 
raisin obtained should have a soft texture, a distinct and pleasant taste, and less 
inclination to moisture during storage. ‘Thompson Seedless’ grape variety ranks 
first in raisin export in the world (Winkler 1949; Yağcı et al. 2005; Özdemir et 
al. 2009; Williamson & Carughi 2010; Zheng et al. 2012; Sharma & Adsule 
2007; İşçi & Altındişli 2016; Venkatram et al. 2017). 

Four types of raisins are in demand in the world trade: sun-dried raisins 
which are ‘dark-skinned’; heat-dried raisins, which is ‘golden raisins’, small,  
dark raisins, initially from ‘Black Corinth’ grapes which is ‘Corinth raisins’ 
and large raisins which are ‘snack raisins’. Often the trade terms have different 
significance in different regions or with different kinds of raisins. For example, 
the crown grades are used in California to indicate only the size of Muscat 
raisins; when applied to the sultana and lexia raisins of Australia, they also 
indicate color and quality (Winkler 1949; Kedage et al. 2007; Zemni et al. 2017; 
Jun et al. 2021).

Thompson Seedless – ‘Thompson Seedless’ grapes are dried in the natural 
condition in California, Iran, and Turkestan. For this reason, without dipping 
treatment is not done for this production. They called ‘Thompson Seedless’ 
or ‘naturals’ to distinguish them from dipped raisins in California. Sometimes 
the trade knows them simply as ‘seedless’. Drying time is 15-20 days, these 
naturally dried grapes are dark-grayish black or grayish-brown–with rather 
tough-skinned, but meaty, and of characteristic oxidized flavor, they have 
dark-brown coloring. When properly dried, with they little tendency to cake 
in storage. They are often prefered to eating out of hand, because for cooking 
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their dark color, tough skins, and strong flavor may not always be desirable 
(Figure 6, a) (Winkler 1949; İşçi & Altındişli 2015). 

Figure 6. Raisins without dipping treatment (naturals) 
(a) and with dipped (b). Photo, Özer (2017)

Sultana – In Australia, South Africa, and other British countries, the name 
‘Sultana’ is used to the light-colored, soft raisins. It is made from a variety called 
‘Thompson Seedless’. The grapes are dipped into a solution contains potassium 
carbonate (K2CO3), sodium hydroxide (NaOH), sodium bicarbonate (NaHCO3), 
ethyl oleate, and olive oil are the main compounds, being used as chemical pre-
treatment. Apart from pre-treatment, the drying method greatly affects drying 
time and physico-chemical quality of raisin. The solution have some effects, 
most important is elimination of waxes and lipids. Chemicals such as potassium 
carbonate, sodium hydroxide, sodium bicarbonate, and ethyl oleate in solution, 
they can neutralize free fatty acids, and chemicals enhance water loss on the 
berry surface, and olive oil in solution gives softness to raisins (Esmaiili et al. 
2007; İşçi & Altındişli 2015). 

Figure 7. Grapes dipped in solution dried in direct sunlight 
in Türkiye. Photo, Anonymous (2021b)

Grapes dipped in solution are be dried in direct sunlight as in Türkiye, mostly on 
soil, concrete and paper display areas (Figure 7). 
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Figure 8. Grapes dipped in solution dried on covered 
wire-shelved racks in South Africa, Photo, Anonymous (2020)

Greece, Iran, and Turkestan are similar to Türkiye. On the other hand, grapes 
dipped in solution are be dried on covered wire-shelved racks, as in Australia 
and South Africa (Figure 8). The raisins vary in color from greenish-yellow 
to medium brown, and  drying time is 5-7 days (Figure 6, b). In dipping-dried 
grapes, the dipping solution helps speed up the grapes’ drying and thus provides 
distinctive light yellow colored raisins, which does not allow browning reactions. 
As a result of the dipping process, the waxy layer on the grapes is washed, 
and the water holding feature of the grapes is lost and drying is accelerated. 
In addition, the activity of the ophenoloxidase enzyme found in the skin of the 
grape is inhibited and the natural yellow color of the grape is ensured. Raisins 
have both thin and light skinned colour. The surface is often slightly oily, and 
the flavor is characteristically nutlike. They are attractive in light-colored cakes 
and puddings. Raisins are very sweet and the skins are mostly fat; because of 
this feature, when used by bakers, they will slice along with the loaf instead 
of hanging onto the slicing knife and being dragged through (Winkler 1949; 
Altındişli & İşçi 2005; Akdeniz 2011; İşçi et al. 2018). 

The product from Australia and South Africa is always sold as ‘sultana’. 
Similar raisins from Greece, Türkiye, Iran, and Turkestan are usually referred to 
in English-speaking countries as sultanas or sultana-type, but other names are 
applied in the regions of production. Occasionally, other raisins dried by similar 
processes are known as sultanas, and the term is also sometimes used loosely 
to include the light-colored golden-bleached and sulfur-bleached raisins of 
California. In the United States, the name ‘Sultana’ is given to a round-berried, 
nearly seedless grape variety-the Round Kishmish of Asia Minor-and to its 
natural sun-dried raisins. Although these raisins resemble the natural Thompson 
Seedless, they are usually considered inferior, less meaty and more acid, with 
occasional semihard seeds. They are very different from the light-colored, 
tender-textured sultana raisins of Australia and South Africa (Winkler 1949). 
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Golden-bleached – They are produced frequently by the golden-bleach process 
in California, they have light-colored. ‘Thompson Seedless’ grapes are remove 
clusters of damaged, underripe, or overripe fruit. Grapes are washed in cold 
water to produce slight cracking of the skins. After these procedures, they are 
dehydrated at temperatures of 1400 to 1600 F in burning sulfur house. 

Figure 9. Golden bleached raisins. Photo, Anonymous (2020a)

The raisins are brilliant lemon yellow, the skin of these raisins moderately tender 
and sometimes a little sticky (Figure 9). For some persons, their sülfür dioxide 
taste is objectionable for eating out of hand; this taste disappears entirely when 
they are baked or otherwise cooked. It is important to use sulfur dioxide in 
the drying process, as preserving the yellow color is also necessary during the 
storage. In international trade the golden-bleached raisins of California compete 
successfully with the Australian-type sultanas from other regions. 

China Golden Bleached  – China is the only major producer of green raisins; 
China is followed by India and Afghanistan, respectively. The favorable 
climatic conditions encourage the production of green raisins in China, India 
and Afghanistan. 

Figure 10. A house made of mud cabin called “kishmish khana” for drying grapes, 
wire-shelved racks. Photo, Özer (2017)
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Producers dry their grapes by blocking the sunlight inside the traditional mud 
cabin houses they have built in the form of perforated walls. Thanks to the holes 
in the walls, airflow is provided and the grapes are not exposed to sunlight while 
drying (Figure 10). 

Grapes dried in dry air without exposure to sunlight, it preserves its 
chlorophyll and remains green (Figure 11). Grapes protected from sunlight in 
specially constructed drying rooms can be dried in green color thanks to hot 
and dry air (Meng et al. 2011). However, the drying process in the shade is a 
method that takes a long time, and the long drying time causes the colors of the 
grapes to turn brown. To prevent browning and increase the green drying rate, 
applications are made to shorten the drying time (Dong et al. 2011; Shen 2013).

Figure 11. China Golden Bleached raisins. Photo, Özer (2017)

Sulfur-bleached – Process is the same way as the golden-bleached until the start 
of drying. The grapes are exposed on trays to direct sunlight. According to the 
length of exposure to sunlight, the resulting raisins are waxy and cream-colored 
to faintly reddish yellow (Winkler 1949).  

Soda-oil-dipped – Thompson Seedless grapes for the so-called soda-oil-dipped 
raisins are dipped in a sodium carbonate solution having a thin film of olive oil 
floating on the surface. It is made exactly the same way as described for the 
Golden Bleach product, except it is not bleached with sulfur. The grapes with 
solution are dried on trays in direct sunlight. The raisins are medium to dark 
brown in color, fairly tender, and slightly oily but not sticky (Winkler 1949). 

Black Corinth – For centuries, Zante currant raisins have been made in Greece, 
where the variety probably originated and where much of the world’s supply is 
produced. ‘Black Corinth’ ripens early. Grapes are all dried in direct sunlight 
or shade without pre-treatment.  After drying, raisins have a soft texture with 
a pleasing tart taste and very small raisins. They are called currants or Zante 
currants in all English-speaking countries. Greece and Australia are the principal 



204    Agricultural and Natural Research & Reviews     

producers, and small quantities are produced in California and South Africa. The 
raisins are dark and very small, with a tart taste and characteristic mild flavor 
(Figure 12). They are highly esteemed for cooking and baking, because ‘Black 
Corinth’ raisins are small size and tender skin. They use mostly for cooking and 
baking (Winkler 1949).

Figure 12. Black Corinth raisins. Photo, Anonymous (2021c)

Muscat – Raisins are produced from ‘Muscat of Alexandria’ grapes, principally 
in California and the province of Málaga in Spain and they have natural sun-dried. 
If stemmed and not seeded, The California raisins are called ‘loose Muscats’, 
and  if the seeds have been removed, it called ‘seeded Muscats’. Unstemmed 
raisins, called ‘layers’ or ‘clusters’, were also formerly produced in California.

Figure 13. Málaga raisins. Photo, Anonymous (2021d)

The raisins from the Spanish province of Málaga are carefully dried on the 
clusters and packed without stemming and are known in world markets as 
Malagas (Figure 13). These raisins are very large; grayish brown, with the bloom 
mostly intact, and very meaty, with strong Muscat-raisin flavor and rather tough 
skins (Winkler 1949). 

Valencias, lexias –Large quantities of Muscats are dipped before drying in Spain 
and Australia. Grapes dried under direct sunlight. During the drying process, the 
grapes are covered with sheeting in order not to be damaged during rain and at 
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night. When dried, they are stemmed and sold as ‘Valencias’. If production is in 
Australia, it is rack-dried as the sultanas and is called ‘lexia’ a term sometimes 
also applied to the Valencia raisins of Spain (Winkler 1949). 

3. Drying Methods 

The drying of grapes varies in different parts of the world, particularly they 
are affected by these cultivation conditions. Traditionally, raisins have been 
produced from fully ripened grapes; the drying process, which has been done 
with the effect of sun and wind for centuries, gained importance as a technology 
branch only in the middle of the twentieth century. The aim of drying processes 
is to produce a high quality dried product with minimum cost. 

Sun-drying of raisins requires a long time, therefore to increase the drying 
rate is used chemical pre-treatments. This method has several disadvantages, for 
example insect infections, dust, microbial and color deterioration. Apart from 
that, the removal of small stones, soil, leaves, dust, etc. collected for the period 
of raisin gathering is an extra job and vexing problem during the raisin cleaning 
phase. Drying of the raisin grapes begins after harvest in late August and lasts 
until approximately the second week in October. The critical drying period is 
September because rains can damage grapes.  When rain threatens, polyethylene 
are covered on the grapes as a protective measure, but a huge amount of grapes 
and the large area with lots of grapes spread make such protection a costly 
enterprise. Increasing efforts have been made to modify and develop traditional 
grape drying procedures. In recent years, new methods of indirect solar drying 
have been developed. Mechanical drying is safe, rapid, and controllable.  The 
industrial application of microwave heating for the preparation of dried grapes 
has been reported in recent years in the literature. The microwave vacuum dryer 
system has originally introduced for California seedless grapes (puffy dried 
grapes) (Foshanji et al. 2018). 

Moisture content of grape during drying is reduced from approximately 
75% to below 15%. The yield and quality of raisins be related to the Brix of 
grape berry taken for drying purpose, yielding approximately 1 kg of raisins out 
of 4 kg of grapes. Raisins’ color, flavor, and texture differences result from the 
method of drying. The final raisins’ color depends on the grape cultivar and the 
drying method. The drying process keeps diversity of the product on the market 
and responds to consumers’ demands. When the drying process is finished, 
raisins are evaluated in terms of appearance, texture, cleanliness, flavour, and 
nutritive value. Tenderness of skin, a desirable characteristic in raisins for 
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cooking or baking, is largely a function of the drying method and the grape 
variety. Muscat of Alexandria has a somewhat tough skin, Thompson Seedless 
is medium in this respect, and Black Corinth is rather tender; Australian-type 
sultana raisins are the tenderest. Golden-bleached, sulfur-bleached, and soda-
dipped Thompson Seedless and soda-dipped Muscats (Valencias and lexias) are 
moderately tender. Large size (weight) is always desirable in dessert raisins. For 
cooking and baking, bakers prefer small sizes; size is less important than color 
and texture (Thompson 2000; Petrucci 2001; Wang et al. 2020; Sharma et al. 
2013).

Sun-dried – Sun-dried grapes are produced by placing grape clusters on 80 cm 
by 90 cm papers or polyethylene trays or materials that are either short (2 m to 
6 m) or long (greater than 6 m). The trays or materials are laid out on concrete 
floors next to the vineyards or on leveled ground between the vine rows for 2 to 
3, sometimes four weeks depending on weather conditions (Figure 14). 

Figure 14. Sun-dried grapes in vineyards in Türkiye (a), and California 
 (b). Photo a, Anonymous (2021e), Photo b, Anonymous (2018)

In general, 18-20 kg of fresh grapes can be laid on an mean of 1 m2 on leveled 
ground. Because more grapes can be laid per unit area, it uses wire-shelved 
racks installed near the vineyards while the grapes are dried under the sun. 

Figure 15. Sun-dried grapes on wire-shelved racks 
in Manisa, Türkiye. Photo, Anonymous (2021f)
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It is very important to have sufficient sunbathing in the completely portable 
wire-shelved racks system; it is calculated that an mean of 6 kg of fresh grapes 
will be laid on one meter of wire length on wire-shelved racks (Figure 15). When 
the process is finished (moisture content is approximately 15%), the raisins are 
transported to a processing plant (Christensen & Peacock 2000). 

Dried-on-vine – When the fruit is between 20-23° Brix, a crew of workers come 
into the field and use hand shears or pneumatic shears cut last year’s fruit cane 
to facilitate even drying and efficient removal of the finished product. Generally, 
the dried-on-vine method of raisins production often uses mechanical harvesters. 
The cluster uses maximal sun exposure in this method.

The grapes are left on the vine in the vineyard. The berries lose their water 
content during the over-ripening process and progressively shrivel. Before harvesting, 
50% of the fruit near the leaf area is removed by hand pruning the canes in this 
method. During the cane cutting, clusters are dipped in a solution (0.5% ethyl oleate 
and 0.6% potassium carbonate (K2CO3)), in this way to increase the drying rate and 
to achieve the desired light-gold fruit color in the ‘Thompson Seedless’ raisins. The 
dried-on-vine method reduces the risk of rain damage. Dried-on-vine (DOV) raisins 
take 30 to 40 days to complete the drying process at temperatures closer to ambient 
(Figure 16) (Dincer 1996; Uhlig et al. 1996; Peacock & Swanson 2005).

Figure 16. The dried-on-vine method of Thompson Seedless 
(a), and Black Corinth (b). Photo, Vasquez & Fidelibus (2021) 

Shade-dried – It is the process of drying the grape with the help of heat and 
airflow by preventing its contact with sunlight. Countries such as China, India, 
and Afghanistan can dry their grapes without the need for sunlight, thanks to their 
high air temperature and low humidity. In Afghanistan, it is traditionally done in 
mud cabin called “kishmish khana” in the shade and under the airflow (Figure 17). 

Grapes protected from sunlight in specially built drying houses are dried 
in green color thanks to the hot and dry air. This drying has some advantages; in 
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this way, they are not affected by the precipitation that may occur during drying, 
insect, dust, and foreign objects are prevented from contaminating the grapes, 
and there is much more product per unit area. However, since it is deprived of 
direct sunlight, the drying time is prolonged.

Figure 17. A simple ‘kishmish khana’ and hanging grapes. Photo, Özer (2017)

ot-air drying – Grapes are hand-harvested and transported to a drying facility with 
a concrete tunnel with a fan and propane burner mounted above the drying chamber 
to provide hot air flow between 65°C and 70°C at the hot-air drying method. To 
facilitate water loss from the surface, grapes are dipped for 8 to 15 seconds in a hot 
solution that contains 0.2%-0.5%  sodium hydroxide at 82°C, and then are rinsed 
with cold water. The grapes are then spread on drying trays and treated for 5 to 8 
hours with SO2 at a concentration of 2 kg to 4 kg per ton of grapes.  The hot-air drying 
method has the advantage of ensuring a uniform supply of golden raisins, but the 
relatively high cost limits its use. Microwave heating can be used in grape drying, 
however, undesirable partial puffing may occur in the dried structure when grapes are 
dried at high moisture contents, but this technology can still be a good alternative to 
traditional techniques. With the increasing energy costs, the use of solar energy in the 
agricultural field, especially in drying processes, has begun to be investigated (Figure 
18) (Aguilera et al. 1987; Thompson 2000; Dev et al.  2008; İşçi & Altındişli 2016). 

Figure 18. Solar energy drying systems. Photo, İşçi & Altındişli (2016)
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Raisins are not offered for consumption as soon as they come from the vineyard or 
drying yard. They are first cleaned, stemmed, and sorted. This work is ordinarily 
done in a packing house. The success of the packing process and the whole raisin 
industry depends on the vinegrower’s care and skill all along the way, from 
growing the grapes until he delivers the raisins to the packing house. Raisins 
are be stored at 0-4 °C in 50-60% humidity for one year. Grapes should contain 
a maximum of 15-20% moisture, while grapes that will be stored for longer 
periods should have a lower moisture content (Cemeroğlu  &  Özkan, 2004b). 
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1. Introduction

Grape is one of the most delicious and refreshing fruits in the world. Grape 
is a fruit mentioned in all scriptures and teachings. Grape throughout 
history; it has been said in many places from mythologies, folk tales, 

literature to culture and art. This is because the grape is accepted by societies. 
Raisins have been a few foods that all mystical clerics (saints, monks) keep with 
them on their seclusion journey to reach God or nirvana. In the sense that raisins 
are easy to store, it can be foreseen that they were collected and consumed long 
before humans settled down. During the historical process, raisins have always 
been found in their pantries as food they can consume in winter in societies 
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acquainted with grapes. The value not given to any other fruit has been given to 
grape, wine and grape products in the historical process. 

The grape and facts about grapes have taken an important place in every 
aspect of life from the past to the present. Throughout history, people have 
embroidered symbols related to grapes on their belongings and architectural 
artifacts both in their religious places and daily lives. This is an indication of the 
importance they give to grapes. The most significant proof of this is that these 
symbols are seen in historical monuments from the past to the present and still 
emerge as a result of archaeological excavations. Grape is a miraculous fruit and 
it is very precious. Traces of the past, which are indicative of this importance, 
are seen in Figure 1. Grape is an important food that we should include in our 
lives when looking at health benefits and research.

Figure 1. The best expression of the importance of grapes in history.
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Raisins are mostly obtained from different varieties of Vitis vinifera L. The 
type of raisins depends on the variety, color, seed state and size of the grape. 
The most common raisins consumed globally are those usually obtained from 
Thompson seedless grapes (Olmo-Cunillera et al. 2020). Raisins, which are 
helpful to human health, are an important source for many bioactive compounds, 
including mineral substances, vitamins, phenolic compounds, anthocyanins and 
organic acids (Shahidi &Tan 2013). 

2. Health Benefits of Raisins

Most of the foods consumed by modern people are processed foods originating 
from industry (packaged products) which have been the primary source of 
diseases. People have invited many diseases such as cardiovascular diseases, 
obesity, diabetes, cholesterol, neurological degeneration, alzheimer’s, cancer, 
digestive system disorders, lack of mineral substances and vitamins, bone loss, 
and degeneration of joints due to malnutrition. Moving away from naturalness 
has increased the deterioration in human health. Humanity unconsciously 
consumed foods that appealed to taste and pleasure. Now, we realize the evil 
we’ve done to ourselves. We began to look for the remedy by moving towards 
nature and the nature that we had ruined.  Until recent years, many traditional 
products with the knowledge of thousands of years have been noticed again. 
Intensive scientific studies are carried out on these foods. There is a significant 
acceleration in the trend towards alternative medicine and traditional foods in 
health and treatment in today’s modern world.

Carbohydrates, fats, and proteins called macronutrients, 13 vitamins, and 
17 minerals necessary for our health are essential for nutrition. Apart from these, 
the importance of plant-derived natural compounds called phytochemicals 
has been understood. Unlike vitamins and minerals, phytochemical (phenolic 
compounds and natural color substances) substances are not considered 
nutrients. Phytochemicals, which are secondary compounds, contribute to a 
long and healthy life by preventing and controlling non-communicable diseases, 
especially in populations with genetic predisposition (Abuajah et al. 2015; 
Papadaki et al. 2021).

Today, phytochemicals are understood to have antioxidant properties 
that render the molecules that attack the cells in our body harmless, called 
free radicals. Phytochemicals are considered as powerful potential agents to 
protect against diseases from aging to cancer. Epidemiological studies show 
that phytochemical substances found in plants and fruits play essential roles 
in treating many diseases. Humanity, whose knowledge level is increasing, 
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continues their orientation towards natural, organic foods for a healthy life. The 
decrease in food security has increased the orientation towards natural foods.  
This orientation has led the scientific world to research in this direction (Abuajah 
et al. 2015; Papadaki et al. 2021).

Regardless of genetic factors, the incidence of neurodegenerative diseases 
in the aging population is affected by nutrition. Many studies have focused on 
illuminating the mechanical effect of polyphenols with neuroprotective potential 
through the consumption of micronutrients and secondary plant metabolites 
(Schaffer & Halliwell 2012; Sreenivasan & Watson 2015). Metabolic 
syndrome is a combination of at least three factors that occur together. Obesity, 
cardiovascular disorders, and type 2 diabetes lead to this syndrome risk. 
Preventing and managing metabolic syndrome can be achieved by changes in 
eating habits and lifestyle. Regulating diets with functional foods and bioactive 
compounds can help prevent metabolic syndrome by preventing oxidative stress 
(Mohamed 2014; Fulgoni et al. 2017; Papadaki et al. 2021). 

Grape contains nutritional and protective elements such as vitamins, 
minerals, carbohydrates, edible fibers, and phytochemicals. Polyphenols are 
the most important phytochemicals in grapes. They are involved in many 
biological activities in the human body and have health-protective effects. 
Phenolic compounds contain anthocyanins, flavanols, stilbenes (resveratrol), 
and phenolic acids. Anthocyanins are the primary pigments in the skin of grapes. 
Flavonoids are abundant in the seeds and stems of grapes and contain polymers 
of (+) catechin, (-) epicatechin, and procyanidins. While anthocyanins are the 
primary polyphenols in red grapes, flavan-3-oller are dominant in white grapes 
(Xia et al. 2010).

Grapes are food that helps bones and teeth to grow with the mineral 
substances it contains and gives the blood a suitable pH. The aromatic substances 
and fruit acids in grapes have an appetizing property. These substances play a role 
in facilitating digestion by making the glands work better. It is also significant 
for human health and nutrition with vitamins A, B1, B2, and C in its structure 
(Şamil et al. 2005).

Many studies have been carried out on the health effects of rutin and 
quercetin, which are flavonoids. Flavonoids have been used in folk medicine to 
treat diseases such as inflammation, allergies, headaches, periodontosis, virus 
and fungal infections, stomach or duodenal ulcers, and even cancer. Flavonoids 
are powerful antioxidants found in plants and contribute to human nutrition. 
Flavonoids are reported to cause a decrease in deaths from heart disease 
(Palomino et al. 2000).
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Many researchers have reported that catechin derivatives ((-) epicatechin 
gallate) show strong biological activity and prevent or stop cell deaths. Yang 
et al. (2007) have reported that (-) epicatechin and other catechin derivatives 
inhibited the development of tumors.

As the perception of consumers changes towards healthier and more 
sustainable nutrition models, there is an increasing demand for functional foods. 
Functional foods contain various compounds that positively affect health and 
reduce the risk of disease (Ashwell 2004; Küster-Boluda & Vidal-Capilla 2017). 
Products that are reduced in sugar and fat and enriched with fiber, probiotics and 
vitamins are defined as functional foods (Papadaki et al. 2021).

In recent years, the concept of superfoods, which is included in 
functional food class, has been emphasized. The interest in functional foods 
and superfoods has increased due to their health benefits (Salantă et al. 2020; 
Papadaki et al. 2021). Various scientific records define superfoods as natural 
or minimally processed foods with high nutritional value, healthy and highly 
bioactive components (Salantă et al. 2020; Proestos 2018). Polyunsaturated 
fatty acids, vitamins, minerals, probiotics, antioxidants, and polysaccharides 
are biomolecules in superfoods. These active compounds help reduce the risk 
of cardiovascular diseases, cancer, and type 2 diabetes, prevent degenerative 
diseases, lower cholesterol, and promote immunity (Abuajah et al. 2015; 
Papadaki et al. 2021).

With the modern lifestyle, the orientation to traditional foods that have 
been ignored for years and efforts to rediscover them have increased (Papadaki 
et al. 2021). Therefore, orientation to traditional foods such as blueberries, acai, 
goji, raisin, dried fig, and dried apricot, known as superfruits, have increased 
(Trichopoulou et al. 2006). Realizing that fresh and dried fruits are sources of 
functional compounds has also led to increased demand for new and functional 
foods. 

Anatolia is a geography where many civilizations and cultures coexist. 
All civilizations that lived in this geography attributed sanctity to the grape. 
Grape is processed in many different traditional foods in this geography. When 
grape products are mentioned in this geography, first the grape itself as food 
then produces derived from grapes such as ‘pekmez’ (molasses), ‘sucuk’, 
‘pestil’, ‘köfter’, must, grape juice, vinegar, and wine comes. Products such 
as ‘pekmez’ (molasses), ‘pestil’, ‘sucuk’, ‘köfter’ and ‘bastık’ (Figure 2) are 
traditional products with no exact equivalent in other countries and Europe and 
are superfoods (Er 2006).
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Figure 2. Miraculous fruit grape and products derived from the grape. 

The first cultures directly encountered with molasses are Greek, Roman, and 
Byzantine. In ancient Greece, molasses was called ‘epsima/έψήμα’ and today 
the same product is called ‘petimezi’ in Greece, Cyprus and Crete (Uhri, 2017).

Compared to fresh grapes, raisins and ‘pekmez’ (molasses) are richer 
in higher calorie, iron and calcium minerals due to their lower water content 
(Göktaş, 2008). The nutritional and chemical content values of raisins (100 g) 
are shown in Table 1. Today, foods with high phytochemical content are given 
importance. Vegetable foods such as phenols and polyphenols are considered as 
antioxidants (Di Lorenzo et al. 2016).

Table 1. Content values of raisins (100 g) (USDA 2021).
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Raisin is rich in fiber and phytochemicals. Despite the 60% sugar content in the 
composition of raisin, it has a low-to-medium glycemic index (USDA 2021). 
During the drying of the grape, some of the grape sugars turn into fructan, the 
type of fiber. While fructan was not found in fresh grapes, about 8% of the 
fructan in raisins was determined. It has been reported that raisins have a high 
antioxidant capacity in in vitro and in vivo studies (Camire & Dougherty 2003).

Among dried foods, the highest total phenolic content (mg/kg) was detected 
in raisins (Olmo-Cunillera et al. 2020). It is reported that dark color and seeded 
grapes have the highest values in terms of total phenolic content among different 
raisin varieties (Sério et al. 2014).  

Consuming 80-90 g of raisin (half a cup) in daily nutrition provides many 
benefits for a healthy life. The low glycemic index makes it a healthy snack. 
It is the best remedy for sudden hunger crises and suppresses appetite (Olmo-
Cunillera et al. 2020).

Raisin is a functional product and can be consumed directly or used to enrich 
various foodstuffs. Different researchers have reported that Raisins, a food rich 
in terms of antioxidant properties and polyphenol content, have positive effects 
reducing the response to satiety insulin, lowering cholesterol, protecting against 
cardiovascular diseases, and preventing colon cancer (Kanellos et al. 2013; 2014; 
2017 Kaliora et al. 2008; 2017; Kim et al. 2008; Kountouri et al. 2013). 

Raisins play an important role, especially in the revival of intestinal flora, 
in increasing beneficial bacteria (Faecalibacterium prausnitzii, Bacteroidetes sp. 
and Ruminococcus sp.) and the reduction of harmful bacteria (Wijayabahu et al. 
2019). Fiber-rich diets have been associated with reduced risk of cardiovascular 
diseases, constipation, diabetes, colon cancer and obesity (Gol et al. 2019). 
The fiber content in dried fruits together with phytochemical contribute to the 
decrease of the glycemic response (Viguiliouk et al. 2018).

Guidelines prepared for individuals with type 2 diabetes or predisposition 
include a low glycemic-laden diet. Raisins have a moderate to low glycemic 
index. The low glycemic index stimulates the mechanisms associated with blood 
pressure and satiety control (Kim et al. 2008; Viguiliouk et al. 2018; Zhu et al. 
2018). It is reported that including raisins in the diet benefits in the prevention of 
neurodegenerative diseases and Alzheimer’s disease (Gol et al. 2019). One of the 
major problems in today’s world is a non-alcoholic fatty liver disease (NAFLD) 
(linked to obesity, type 2 diabetes, and oxidative stress) and steatohepatitis. 
In this context, Kaliora et al. (2016) observed the beneficial effect of raisins 
on oxidative stress and inflammation markers in NAYKH patients with non-
significant fibrosis.
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Raisins contain about 62% sugar (monosaccharides, glucose, fructose, 
and sucrose) (Vasilopoulou & Trichopoulou 2014). Therefore, raisins are easily 
absorbed in digestion and provide a moderate ‘Glycemic Index’ (GI) level. Raisins 
that do not contain total fat and cholesterol have increased interest because they are 
rich in terms of bioactive components and have a high nutritional value. Raisins 
are a rich source of dietary fiber and vitamin B complex as well as minerals 
such as calcium, iron, magnesium, phosphorus, and potassium but contain a low 
amount of sodium (Vasilopoulou & Trichopoulou 2014; USDA 2021).

Raisins are an important source for boron, a trace element related to bone 
health, arthritis, and the prevention of osteoporosis in postmenopausal women. 
Boron also interacts with enzyme reaction, cell membrane function, and hormone 
metabolism. Boron is also a necessary element for brain function (Gol et al. 2019).

Different researchers have reported that grapes and raisins strengthen the 
immune system, regulate the functioning of the kidney and intestinal system and 
blood circulation, increase capillary strength and vascular function, help reduce 
sand and stones in the kidneys, prevent liver diseases, lower bad cholesterol and 
reduce the risk of vascular obstruction (Aras 2006).

On the composition of raisins, variety, ecology, cultivation, and weather 
conditions have a dynamic effect. Nikolidaki et al. (2017) have examined the 
impact of growing conditions (altitude) on the moisture, ash, fat, protein content, 
fructose, glucose, sucrose, maltose of grapes. They have reported that differences 
in the composition of grapes are observed, but they are not significantly related to 
final product quality. Panagopoulou et al. (2019a) have analyzed the composition of 
phytochemicals and sugars in the study, examining drying in the sun and shade. They 
have reported that the individual and total sugar profile does not change significantly 
due to the drying method. Panagopoulou et al. (2019b) have reported that differences 
between regional cultivation, altitude, and crop years are not considered significant 
in terms of ingredients of B vitamins, thiamin, thiamin pyrophosphate, nicotinamide, 
nicotinic acid, pyridoxine, and pyridoxine in Corinthian raisins 

Despite known and researched health benefits, raisins have been 
overlooked in past years. The tendency of consumers with increased awareness 
towards functional and traditional foods has increased the interest in traditional 
foods that were previously ignored. While the phenolic content and antioxidant 
activity of grapes and wines are widely investigated, raisins have been the focus 
of recent studies (Williamson & Carughi 2010; Papadaki et al. 2021).

Research has also been carried out on changes in the phenolic content 
of raisins during the drying process. Olivati et al. (2019) have reported that 
raisins pretreated with olive oil contained higher amounts of anthocyanin and 
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proanthocyanidin than untreated grapes. During sun drying of Argentine grapes, 
it has observed an increase in the phenolic acid and flavonoid concentrations, 
and more specifically, in the amounts of rutin, kaempferol-hexoside, quercetin, 
and isoquercitrin (Fabani et al. 2017). It is accepted that the drying processes 
increase the amounts of total phenolic, anthocyanin, and tannins in raisins when 
compared to fresh grapes (Guiné et al. 2015).

Phytochemicals are useful compounds in people’s metabolic activities. 
Epidemiological studies investigate the relationship between functional compounds, 
nutrition, and genetic. In the studies, it is emphasized that conscious nutrition for a 
healthy life is important in terms of relief or prevention of the disease.

It is seen as important to develop functional food products that contain 
bioactive components and to expand the consumption of foods rich in bioactive 
compounds such as raisins in diets. Antioxidant activities with total phenolic 
and flavonoid contents of white and seedless varieties were found lower than 
black and seeded varieties (Kelebek et al. 2013).

Phenolic compounds (anthocyanidin, proanthocyanidin, stilbene, and 
phenolic acid), found in quite a large amount in the skin and seeds of black grapes, 
help prevent diseases caused by oxidative stress. They also have antioxidant, 
anticancer, anti-inflammatory, and antibacterial properties (Genç 2011).

Figure 3. Physiological effects of raisin compound. (Carughi et al. (2008)
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As a general evaluation, raisins are both wonderful food and a sweet and pleasant 
remedy that is beneficial to many diseases. Considering all the benefits, it must 
be included in the nutrition habits. Grapes, which are important food and snacks 
for today’s people who are tired of many diseases, should be included in the diet 
so that humanity can stay healthy. Carughi et al. (2008) have summarized the 
physiological effects of compounds in raisins as presented in Figure 3.

3. Uses of Grape in Folk Medicine

Vitis vinifera L. is a perennial, woody, and temperate climate plant, and its 
different parts have been used in folk medicine for centuries due to its many 
biological activities (Şendoğdu 2004; Khalil et al. 2007). Different societies 
and cultures continue the practices they have experienced in the past and are 
seen as helpful today. People have sought natural remedies against diseases that 
affect them. They have tried to improve with various trial and error methods 
and applications. Thus, folk medicine and practices have emerged. According 
to Kaplan (2011), folk medicine is also called ‘local medicine’. The benefits 
obtained have been transferred from generation to generation and turned into 
oral health information.

Today, the pharmaceutical industry is inspired by this, natural antioxidant 
substances extracted from different parts of grape such as the leaf, seed, berry, 
skin, and pulp are used in cosmetic products, in the composition of drugs, in 
foods as additives, and sold as a nutritional supplement in pharmacies (Makris 
et al. 2007; Doshi et al. 2006; Kunter et al. 2013).

	Naturel remedies obtained from grape have been used among the public 
in venous diseases, circulatory disorder, headache, dysphoria, scabies, skin 
diseases, gonorrhea, hemorrhoids, and vomiting (Demirezer 2011).

	It is believed that raisins and molasses are good for anemia. Those who have 
anemia problems are fed plenty of raisins. In this treatment, seeded raisins are 
generally preferred. Molasses is consumed hungrily in the morning during 
the winter months. Grape juice is also consumed to make blood. Black grape 
seeds are eaten for anemia by mixing with yogurt (Batu 1993; Batu 2011). 

	For flu and cold, the patient is drunk molasses or vinegar. Vinegar is also 
used to reduce fever in feverish diseases. Raki obtained from the grape is 
also used in the treatment of cold (Yankı 2013).

	Use in wounds, bruises, sprains, fractures, and dislocations. Crushed 
grapes with seeds are wrapped on the sprained area of the patient who has 
sprained hand or foot. In this application, especially black seeded grapes are 
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preferred. It is also seen that only grape seeds are used in sprains (Yeşilada 
2012). If crushed raisin is cooked, wrapped warmly on the bruise, and left 
for one night, it heals the bruise (Gürkan 2014).

	Keeping the chewed grape in the mouth for a while is used to treat mouth 
sores (Yeşilada 2012).

	Grape and products obtained from the grape are used to treat sore throat and 
cough. Especially molasses is one of the most common products used in the 
treatment of cough. For sore throat, it is recommended to eat seedless grape 
and fig mixed with almond oil every morning (Baytop 1999)

	Treatment methods applied in low back pain. Those who suffer from low 
back pain wrap the crushed grape on their waist, wait for a day or two, and 
then remove it. 

	Treatment methods are applied in the eye and ear treatment. Unripe grape 
juice is used in the treatment of wounds around the eye and eye diseases. 
Unripe grape juice is squeezed into the ear and is known to be good for ear 
infections (Gürkan 2014).

	The treatment method is applied in having a child. The childless woman is 
seated on the grape pomace. It is believed that the woman who does this will 
have a child. The second application about having a child is done by treating 
the inflammation in the uterus. For this, crushed grapes are mixed with 
spices and placed in the cervix in a ball form. At the same time, the woman’s 
navel is pulled to ensure that the childless woman becomes pregnant. Raisin 
and black cumin are crushed and mixed with tallow and wrapped on the 
women’s abdomen to relax the muscles stuck in the ovaries (Gürkan 2014).

	Treatment methods applied in forgetfulness. School-age children and older 
people should consume grapes, raisins and molasses. There is a strong belief 
that when they consume these products, their forgetfulness will disappear 
(Gürkan 2014).

	For stronger and shiny hairs, the crying water of the vine is mixed with 
water and the hairs are washed with this mixture (İlçim, 2014).

	Ingestion of black seeded grapes appears as the elixir of beauty, real brain 
food, and weight-loss regimens’ main product. It is also believed to dilute 
the blood like aspirin and protect against heart diseases (Gürkan 2014).

	In the past, physicians recommended the use of a grape cure. It is stated that 
eating 3-4 kilos of grapes a day in the morning, noon, and evening heals 
stomach ailments, rejuvenates and renews the body (Gürkan 2014).

	To ripen boil in any part of the body, when crushed raisin is wrapped on boil 
for 12-24 hours, it ensures ripening and healing of the boil. 
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	It is recommended to drink grape vinegar on an empty stomach to stop 
diarrhea (Gurkan 2014).

	In many Mediterranean countries, especially in folk medicine, vine 
leaves are used as food and medicine to treat various diseases (hepatitis, 
stomachaches, diarrhea, anti-hemorrhoids, antiseptic, antianemia, diuretic) 
(Bombardelli & Morazzoni 1995; Baytop 1999; Orhan et al. 2006).

	It is stated that fresh vine leaves are used externally to heal wounds and 
open boils (Gürkan 2014).

	The juice of grape leaves is also used as an antiseptic for eye bathing (Baytop 
1999)

	Black grape leaves with high tannin content are used as constipation reliever 
and blood stopper; fresh leaves are used externally as wound healers and 
boil-opener (Baytop 1999). 

	Vine leaves are commonly used to lower blood sugar in diabetes and as a 
tonic in hepatitis (Demirezer 2011).

	Since ancient times, Vitis vinifera L. leaves have been used in medicine. Vine 
leaves have various biological activities, including antibacterial, antifungal, 
anti-inflammatory, antiviral and mainly antioxidant properties as well as 
hepatoprotective, spasmolytic, hypoglycemic vasodilator effects (Fernandes 
et al. 2013). Vine leaves have been used in Anatolian and Mediterranean 
cuisine since ancient years. A similar culinary tradition is found in Balkan 
countries such as Greece, Albania, Bulgaria and Mediterranean countries 
with extensive vineyards as France and Spain (Er 2006).

	For stronger and shiny hairs, the crying water of the vine is mixed with 
water and the hairs are washed with this mixture (İlçim, 2014).

	It is recommended to drink grape vinegar on an empty stomach to stop 
diarrhea (Gürkan 2014).

The cultivation of grape that offers rich flavors has spread worldwide. Grape and 
grape products are important food sources due to their different tastes, nutritional 
values, and multifaceted effects on health.

When the use of grapes in folk medicine and the benefits presented in 
Figure 2 are compared, it is seen that there are many common aspects. It is 
understood that the applications determined to be beneficial with experiences in 
folk medicine are not vain.  It should be stated that we cannot say that the same 
should be done today. But human-beneficial applications can be applied. At least 
grape and grape products can be eaten and drunk. Thus, we can benefit from the 
benefits of this magnificent fruit for our health. The cultivation of grape that 



COMPOSITION OF RAISIN, ITS IMPORTANCE FOR HEALTH AND USAGE OF GRAPE IN FOLK MEDICINE      227

offers rich flavors has spread worldwide. Grape and grape products are important 
food sources due to their different tastes, nutritional values, and multifaceted 
effects on health. We can benefit from the benefits of this magnificent fruit for 
our health.

Natural and healthy nutrition, which has become the focus of attention in 
daily life, is becoming more widespread. Consumers are becoming more and 
more aware of this issue day by day. The points mentioned above show that 
there is no need to look far for the beneficial and healing ones. Raisins and grape 
products are among the nutrients that must be consumed in daily eating habits 
due to their rich nutritional content and bioactive benefits arising from phenolic 
substances.
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1. Introduction

The process of understanding nature by human beings dates back to
ancient times, and the scientific and technological developments 
made over time have increased the possibility of people to use natural 

resources. Sustainable development is a concept that seeks to meet the needs 
and expectations of human beings by putting forward scenarios about the 
current situation and future of the world. Therefore, social issues (such as 
poverty, health, education and culture) and the use of natural resources aim to 
establish a balance between the production and consumption. The emergence 
of the concept of sustainable development started with the ‘Green Revolution’, 
which was accepted as an important invention to meet the food needs of the 
world population in the 1940s. (Pezikoğlu 2006; Teksöz 2014).

The word for sustainability comes from the Latin word sustinere (sus; 
from below and tinere; to hold) and includes existence, maintenance, long-term 
support or continuity. Being agriculturally sustainable describes agricultural 
systems that have the capacity to maintain their productivity and are beneficial 
to social instability. These systems should be resource-conserving, socially 
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supported, commercially competitive and environmentally conscious (Gold 
1999; Rigby & Bown 2003).

The concept of sustainability has emerged as the desired balance between 
the economic activities and environment in order not to destroy the environment 
in the name of economic growth and development. This concept is defined as 
meeting the needs of the population living today without compromising the needs 
of future generations by using and protecting natural resources in the long term. 
The concept of sustainable agriculture, on the other hand, is expressed as the 
long-term protection of natural resources and guaranteeing their productivity by 
establishing an economically, socially and environmentally balanced agricultural 
system. Sustainable agriculture aims to obtain products in sufficient quantity and 
quality to be sensitive to the environment and to keep all types of pollution that 
may occur at a minimum level with appropriate agricultural systems. In addition, 
the sustainable agriculture, within the scope of modern agricultural techniques, 
also refers to a structural transformation by using alternative energy sources 
in order to reduce the high costs caused by conventional farming methods in 
rural areas (Karaca 2013). While describing the sustainable agriculture, many 
definitions have been made in connection with the cultures and ecologies of 
the countries. Berry made a brief definition as ‘sustainable agriculture does not 
deplete people or land’. Sustainable agriculture is considered to be a positive 
approach to the constraints and problems of both traditional and modern 
agriculture. At the same time, it is aimed to carry out integrated studies in 
sustainable agriculture by using the wisdom of traditional farming systems and 
the technological superiority of modern agriculture (Pezikoğlu 2006).

The creation of an environmentally sustainable agricultural structure will 
only be possible if agricultural activities are economical. The development of 
sustainable agriculture depends on the cost of agricultural practices that protect 
natural resources and the environment. For this reason, the long-term applicability 
of sustainable agriculture should be evaluated with both the environmental and 
economic components (Eryılmaz & Kılıç 2018).

There are alternative methods to chemical control such as integrated 
control and biological control in sustainable agricultural practices. The 
integrated control methods, which are included in sustainable agricultural 
practices, are a system that takes into account human health, natural balance and 
the environment (Crucefix 1998). The integrated control is a pest management 
system that keeps the populations below the economic damage level by using 
all appropriate control methods in harmony with each other, taking into account 
the relationship of diseases, pests and weeds with the environment. In integrated 
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control, it is aimed to increase yield and quality, obtain products without pesticide 
residues, periodically control agricultural areas, make producers experts in their 
own fields, gardens or vineyards, and to prevent the contamination of chemical 
pesticide residues to the environment (Atış 2004). The main indicators of 
sustainable agriculture are shown in Table 1.

Table 1. Main Indicators of Sustainable Agriculture (Turhan 2005).

Indicators Determinant
Long-term 
income of the 
producer

Long-term producer income
Increasing marketing networks for manufacturers and 
developing exports
Effective use of resources

Natural 
resources

Ensuring food quality and safety
Improving condition of the soil
Product variety
Water resources
Chemical waste
Salinity in water

Environment The effect of agriculture on natural resources
Managerial 
features

Dissemination of training programs for the correct use of 
sustainable agricultural practices

Socio-
economic 
effects

Ensuring human-oriented developments in agriculture and 
conducting training studies

It is predicted that the world population will exceed eight billion by 2025 and 
meeting the nutritional needs of this population will be an important problem. 
Therefore, it is necessary to increase the yield per unit area, since arable 
agricultural lands are at the last limit in order to meet the food need. Due to the 
high cost and impracticality of classical plant breeding methods, the use of new 
plant breeding technologies has become inevitable (Atsan & Kaya 2008).

Organisms obtained by changing the genes of living things with 
biotechnological methods, changing their existing characteristics or gaining new 
ones are called the ‘Genetically Modified Organisms’ (GMOs) (Kulaç & Ağırdil 
2006; Haspolat 2012). The purpose in gene transferred (transgenic) plants is to 
increase the product quality by improving the nutritional value, processing and 
preservation properties of the products with low agricultural production cost 
resistant to diseases and pests (Demir et al. 2005). The stability in genetically 
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modified plants can vary depending on stress factors such as disease, pest, 
temperature, water and nutrient status of the plant (Craig et al. 2008).

The first transformation into plants was carried out as a result of transferring 
Agrobacterium tumefaciens, which causes root cancer, to the plant genome by 
the application of gene transfer. In some cereals (wheat, barley, oats, etc.) that 
are not compatible with Agrobacterium this transformation has been carried out 
using micrometer-sized particles coated with DNA, known as gene weapon or 
‘micropipet bombardment’, which are randomly transferred to plant cells. Many 
transgenic plants produced to date have been obtained after breeding using 
Agrobacterium or by gene weapon (Stewart et al. 2000). After these breeding 
studies, the genetically modified plants with a long shelf life were developed for 
many products, especially tomatoes, between 1983-1989 (Bawa & Anilakumar 
2013). The first commercially genetically modified plant is the tomato plant 
called ‘Flavr Savr’, which has a long shelf life (Şen & Altınkaynak 2014). In 
1995, the genes of Bacillus thuringiensis (Bt) bacteria were transferred to the 
corn plant to increase its resistance against insects (Ince et al. 2013). The first 
transgenic studies on the potato plant were made in the USA in 1995, and the 
CryIIIA gene was transferred to the potato to provide resistance against the 
Colorado potato beetle (Arvas et al. 2018). Monsanto company produced the 
first approved genetically modified (GM) crop, Round-Up Ready® (RUR) 
soybean, and introduced it to the market in 1996 (Ujhelyi et al. 2008).

2. Current Situation of Sustainable Agriculture and GMOs

The developments in the production and use of genetically modified plants in 
the world are monitored and determined by considering their contribution to the 
economy of the countries. In recent years, significant progress has been made 
in the formulation of biotechnology policies in developed countries. In Türkiye, 
however, the modern biotechnology and the herbal biotechnology involved in 
it are still in their infancy, and commercial production of genetically modified 
plants is not legally available at present (Cirik et al. 2017).

2.1. Sustainable Agriculture

The term ‘Sustainable Agriculture’ was first used in 1983 by Perlas et al. Perlas 
et al. (1983) pioneered the establishment of the International Sustainable 
Agricultural Cooperation organization and provided the worldwide discussion 
of the concept of sustainability. Over the past years, Perlas has introduced the 
seven dimensions of the concept of sustainable agriculture, making it nationally 
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and internationally accepted. For example, the Sustainable Agriculture Coalition, 
formed by nearly 300 organizations in the USA, also supports this structure 
created by Perlas (Gençler 2009). The American National Research Council 
evaluated the sustainable agriculture under five main headings in 1989 (Perlas 
et al. 1993; Açıksöz 2001):

• To focus more on natural ways such as “nitrogen fixation, nutrient cycling 
and harmful predator” relationships in agricultural production,

• To reduce the use of non-agricultural inputs that are harmful to humans and 
the environment,

• To use plant and animal resources more efficiently,
• To provide the most suitable product patterns for the planting rotation,
• Soil, water, energy and biological resources must be protected and used and 

managed sensitively.

In the last century, the development of technology and the increase in population 
in the world caused imbalances in the use of resources. The inefficient use of 
resources harms the environment and humanity. The concept of protection and 
sustainability, which was first introduced by developed countries, attracted the 
attention with the initiation of environmental movements in the 1970s. The 
important events that took place after the 1970s on the environment, the use of 
resources and sustainable agriculture can be listed as follows (Yıldırım & Öner 
2003; Pezikoğlu 2006; Türkmen 2007; Tıraş 2012; Yeşil 2016; Eryılmaz & Kılıç 
2018):

• 1970- Environmental movements started in response to the irregular use of 
resources and pollution of the environment.

• 1971- The environmental issue came to the fore with the studies carried out 
by the non-governmental organization “Greenpeace” on the environment.

• 1972- The Club of Rome’s ‘The Limits to Growth’ study focused on how 
the world’s development trends could cause problems.

• 1972- After the Human Environment Conference held by the United Nations 
in Stockholm, the UN Environment Program came into effect.

• 1983- The Association of Sustainable Agriculture was established, which 
includes many countries in the world.

• 1987- The principle of sustainability was set forth in the Brundtland report 
published by the United Nations. Many countries around the world have 
decided to implement this report, taking into account their national interests.
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• 1992- At the Earth Summit held in Rio de Jenario, an action program was 
developed in which the principle of sustainability is at the center of the 
international level. In this program, the importance of integrated planning 
and management of land resources in subjects such as sustainable agriculture 
and rural development was emphasized.

• 1999- In the European Council Reports held in Berlin, the issue of sustainable 
agriculture was widely covered.

• 2002- At the World Sustainable Development Summit held in South Africa, 
the components of sustainable development were determined, especially 
on the issues such as environmental protection, economic and social 
development.

• As a result of the United Nations Conference on Sustainable Development 
held by the United Nations in 2012, the final declaration titled “The Future 
We Want” was published and Rio principles and previous action plans were 
re-approved in the text of the declaration.

• 2015- The United Nations Sustainable Development Summit held in New 
York aimed to strengthen the global partnership for sustainable development 
and ensure the world peace.

Although the studies on sustainable agriculture in Türkiye show parallelism 
with the studies in the world, it is seen that the institutions and organizations 
related to the agricultural sector have entered the field of application a little 
late in the harmonization processes. Although the production and trade related 
to the organic agriculture began in 1986, the first regulation on the subject 
was issued in 1994. The sustainable agriculture is generally considered 
with the sustainable development. In the 5th and 7th Five-Year Development 
Plans, the protection of natural resources and leaving a natural, physical and 
social environment to future generations in a way that will enable sustainable 
economic development have been adopted as the basic principle and policy 
(Pezikoğlu 2006).

2.2.	 Genetically	Modified	Organisms	(GMOs)

There are very harsh reactions against the Genetically Modified Organisms in 
the world (Tukelman 2017). In order to ensure the safety of food supply, the 
legal regulations are introduced for marketing or cultivation of genetically 
modified products (Zimny et al. 2019). The organization called the International 
Service for the Acquisition of Agri-Biotech Applications (ISAAA) provides a 
detailed report of GM crops every year around the world. According to the 
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report of this organization; the first field trials started with tobacco in the USA 
and France in 1986, and many field trials have been conducted with eight 
agricultural products until 1995. These agricultural products, which were 
field tested are canola (21%), potatoes (11%), tomatoes (11%), corn (11%), 
soybeans (9%), cotton (7%), tobacco (5%), melons and zucchini (3%). With 
these developments, while the production of transgenic plants in the world 
was approximately 1.6 million hectares in 1996, it increased approximately 
100 times and reached 165 million hectares in 2015. While GM crops 
were grown mostly (57%) in industrialized countries in the first years, the 
cultivation of these crops started to increase rapidly in developing countries 
after 2015. According to 2015 data, the countries such as the USA, China and 
Argentina are at the forefront of the countries that oppose GM crops, while 
the production and consumption of GM crops has increased rapidly in these 
countries (Tukelman 2017).

The production of genetically modified crops increased approximately 113 
times between 1996 and 2018, reaching a total production area of 191.7 million 
hectares. In 2018, the GM crops cultivation were made in 26 countries in total, 
and the top three countries with the most plantings were the USA, Brazil and 
Argentina, respectively. In 2018, the transgenic crops resistant to herbicides 
were planted on 88 million hectares of land, while the insect-resistant transgenic 
crops were planted on 23 million hectares (Arvas & Kocaçalışkan 2020). The 
glyphosate-resistant GM soybeans and corn have been applied in the grassland 
areas of Argentina, Brazil, Paraguay and Uruguay since the 1990s (Pengue, 
2016). According to a study, it was reported that the use of GM crops resulted in 
an increase in crop yield by 22%, while reducing the use of pesticides by 37% 
(Klumper & Qaim 2014).

The field trials of GM plants have been carried out since 1998 by research 
institutes within the scope of the legislation prepared in Türkiye. The first 
field trials of transgenic plants in our country began in 1999 by the Çukurova 
Agricultural Research Institute for corn and cotton, the Potato Research Institute 
for potato, the Cotton Research Institute and Harran Agricultural Research 
Institute for cotton. In these field trials, the necessary procedures are carried 
out for the risk analysis and risk assessment. In addition, the necessary analyses 
to determine the food equivalence are carried out in a laboratory environment. 
The features found in transgenic plants in field trials are known as resistance 
to corn stalk and stem borers in corn, resistant to both herbicide and pink and 
cotton bollworms in cotton, and Colorado potato beetle in potatoes (Demir et 
al. 2006).
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2.2.1.	 Some	Potential	Risks	or	Harms	of	Genetically	Modified	Organisms

Genetically modified plants are obtained by using recombinant DNA 
technologies developed with today’s technology in order to meet the food needs 
of people as a result of the rapid increase in the world population. It is considered 
that these new genes transferred by recombinant DNA technologies may have 
potential risks in the future (Arvas & Kocaçalışkan 2020; Haile et al. 2020). 
Today, there are concerns that unwanted gene transfer from commercialized GM 
crops may increase the pressure on biodiversity and become a potential health 
problem (Schütte et al. 2017; Alamnie & Andualem 2020). It is thought that the 
experimental data of studies on the potential toxic effects and health risks of 
GM plants are still not sufficient (Domingo 2016). Some potential risks of GM 
products can be listed as follows (Saltik 2010):

• Factors that cause new allergies and toxins (toxic substances) may arise in 
foods.

• With the use of these products, some threats that have not yet been determined 
may be passed on to the genetic structure of people.

• Increasing use of chemicals in food production can accelerate the pollution 
of natural resources (such as water and soil).

• Genes in GM crops can be transferred also to other plants over time. For 
example, the weeds unaffected by herbicides may have the potential to 
invade agricultural fields when considering a gene transferred to weeds.

• As a result of gene transfer, disease barriers between the species may be 
broken over time. In other words, a disease that is not a threat to one species 
may become a threat to another species as a result of gene transfer.

• Biodiversity in crops may be lost.
• As living things are artificially brought in new features by biotechnological 

methods, their inevitable side effects may occur over time. As a result, the 
ecological balance may be damaged.

Some potential risks that may occur in humans as a result of the use of genetically 
modified products can be listed as follows:

a. Allergic effects: It is one of the most common effects known. The human body 
may show allergic reactions to proteins that it does not recognize. As a result, 
depending on individual sensitivity, the results that may lead to death may occur. 
It has been determined that soy allergies have increased by approximately 50% 
as a result of the use of genetically modified soybean in the UK (Smith 2007). 
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Conner et al. (2003) reported that it had immunological effects, including allergic 
hypersensitivity, in corn plant genetically modified to produce Bt endotoxin. 
Various allergic reactions have been observed in agricultural workers collecting 
various products containing Bt toxin. It has been reported that this occurs as a 
result of inhaling the pollen of products containing Bt toxin (Bernstein et al. 
2003).

b. Toxic effects: In some genetically modified plants, the weed and insecticidal 
genes and terminator genes show their effects by producing toxins. As a result, 
the accumulation of toxins in tissues and cells may pose significant risks. 
It is not known exactly what effect this situation will have on the excretory 
organs. In a study, it was stated that the phosphorus and sodium excretion in 
their urine decreased, fatty liver increased as a result of feeding mice with GM 
corn (MON863) for 90 days; that is, these two excretion organs showed signs 
of damage. This effect increases in a dose-dependent manner, and it was more 
severely seen in those who consumed it more (Vazquez 1999). In 1989, it was 
determined that a genetically engineered type of L-tryptophan caused the death 
of 37 people and the cause of EMS (Eosinophilia Myalgia Syndrome) disease 
in 5000 people in the USA. As a result of the use of GM products in studies the 
findings have shown that the risk of infertility and birth defects increased. In a 
study conducted by the European Food Safety Authority, it was determined that 
after the birth of mice fed by genetically modified soybean, the newborn mice 
were smaller than the others and most of them died within 21 days (Haspolat 
2012).

c. Resistance to antibiotics: One of the processes performed in gene transfer is 
the antibiotic resistance. The transgenic cells and tissues are taken into culture 
in media containing antibiotics after gene transfer. However, it is considered that 
there are risks in terms of health, as antibiotic resistance may pass on to bacteria 
in both humans and animals over time (Vasil 1998). According to the reports of 
the British Medical Association, the antibiotic resistance genes placed in some 
crops, after planting in the field, and mutant genes in these plants are transmitted 
to some bacteria through the soil as the GM plants decompose, and it is thought 
that they can pass to pathogenic microorganisms in the intestines of humans and 
animals fed with these products (Uzogara 2000).

d. Cancer risk: The data obtained in studies on the carcinogenic effects of GMOs 
raise doubts that there may be an effect in this direction. The DNA taken with food 
under normal conditions is degraded in our intestines. However, in some foods 
that contain DNA beyond what we are used to, this process works differently 
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and these DNAs can remain without structural changes. DNA fragments that 
do not undergo any structural change pass into the circulatory system without 
being fully digested in the digestive system. Therefore, it is thought that DNAs 
that pass into the circulatory system without being digested are likely to pass 
into both human and animal cells (Hemmer 1997). In a study conducted on 
71 pregnant women of different ages in the USA, it was reported that the most 
commonly used herbicide (glyphosate) on the world caused a shorter gestation 
period than the normal pregnancy period as a result of its accumulation in the 
foods consumed (Parvez et al. 2018).

e. Unknown fears: The possibility of releasing harmful microorganisms, the 
toxic substances that threaten human and animal health as a result of some 
accidents that may occur during biotechnology laboratory studies is one of these 
fears (Uzogara 2000).

2.2.2.	 Some	Potential	Benefits	of	Genetically	Modified	Organisms

a. Effects of crops on the shelf life: Keeping the genes responsible for the 
production of the ethylene hormone, which plays an active role in ripening and 
rotting in the products, under control the enzyme that destroys the cell wall is 
suppressed, and pectin degradation is delayed. As a result, the ripening period 
of vegetables and fruits is delayed and the shelf life of the products is extended. 
Thus, it is known that the problems that may occur during the transportation or 
storage process are prevented. For this purpose, the first genetically modified 
product to be approved in the USA was the tomato variety ‘Flavr Savr’ (Çelik 
& Balık 2007).

b. Use in the treatment of diseases: In recent years, the gene technology has 
begun to be used in the treatment of some diseases, albeit less. The soybean 
containing ovokinin, which has an antihypertensive effect, and lactose-free milk 
production for individuals with lactose intolerance can be given as examples 
(Matoba et al. 2001; Sang 2003).

c. Edible vaccine and drug production: Vaccines are the solutions created 
from weakened or killed disease agents. The cost of these vaccines is high 
and have disadvantages such as the requirement for cold storage and some 
application difficulties. Therefore, with the use of biotechnology, the cost-
effective, storage-free, easily dispersible even edible vaccines have begun to be 
produced. These types of vaccines are prepared in a way that contains antigens 
but not the other genes that can cause pathogenicity (Mishra et al. 2008). The 
broccoli to enrich its antioxidant content; tea for enrichment with flavonoids; 
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potato, banana and tomato plants can be genetically modified to store vaccines. 
Some tropical products, such as bananas, that are consumed raw when ripe, can 
be genetically modified to produce proteins that can be used against intestinal 
infections such as hepatitis, rabies, dysentery, cholera and diarrhea, which are 
common in developing countries (Uzogara 2000).

d. Resistance to insecticides: Insect-resistant plants were obtained by 
transferring a gene of Bacillus thuringiensis (Bt), which has insecticidal 
potential to some plants such as potato, soybean and corn. B. thuringiensis 
protein is a toxic to insects such as Colorado potato beetle and corn borers, 
and is broken down by the stomach acid (Uzogara 2000). Again, the endotoxin 
gene in Bacillus thuringiensis, which provides resistance to Lepidoptera family, 
is especially effective against the larvae that are a problem in corn and cotton 
cultivation (Çetiner 2005). Bringing this feature to plants will not only eliminate 
the need for insecticides, but also prevent damage to insects such as non-target 
bees and predators (Hails, 2000; Çelik & Balık 2007).

e. Resistance to herbicides: Herbicide-resistant GM plants have resistant genes 
that will not damage the herbicide’s effect by inactivating the active ingredient 
in herbicides. These genes are obtained either through microorganisms or 
from naturally resistant plants (Demir et al. 2006). Dalapon herbicide used in 
agricultural fields reduces both the yield of plants and the economic value of the 
soil. However, the development of plants resistant to dalapon has been possible 
with the transfer of dehalogenase genes taken from bacteria by biotechnological 
methods to the plant. Genetically modified tobacco resistant to dalapon was 
obtained by transferring genes from Rhizobium sp. to tobacco plant using gene 
technology (Kaya et al. 2013).

3. Use of Genetically Modified Plants in Agriculture and Its 
Relationship with Sustainable Agriculture

The agricultural biotechnology is the modification of the structure of 
microorganisms using many scientific tools and techniques such as molecular 
markers, molecular diagnostics, tissue culture and vaccines. The plant 
biotechnology is done by transferring one or more desired characteristics such 
as yield, quality, resistance to diseases, pests and weeds from a crop species to a 
different plant species (Kar 2019).

Genetically modified plants are divided into three groups as generations. 
The features such as resistance to herbicides, pests and environmental stressors 
are included in the first generation GM crop group. In the second generation 
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GM crops the increasing the yield and feeding quality have been taken into 
consideration. The third generation GM crops are plants that is used in human 
therapy to produce drugs and vaccines (Fernandez et al. 2006). Among these 
three generations, the first generation GM plants have been the first generation 
plants that have wide production opportunities around the world. The studies on 
second and third generation transgenic products are ongoing and it is expected 
that commercial production of these products will increase in the near future 
(Özcan 2009).

Today, the production of GM plants is increasing day by day and it is 
encountered in many areas. The most common products are soybean, cotton, corn 
and canola, and the most applications for this purpose were made in soybean. 
In addition to these; the rice, pumpkin, sunflower, peanut, cassava and papaya 
are also produced as GM crops; and the works continue on banana, raspberry, 
strawberry, cherry, pineapple, pepper, melon and watermelon (Çiçekçi 2008; 
Cebirbay & Aktaş 2018; Babiye et al. 2020). In general, the uses of GM crops in 
agriculture are as follows (Haspolat 2007; Cebirbay & Aktaş 2018):

• To reduce the use of chemical inputs (such as pesticides, chemical fertilizers) 
in agriculture.

• To increase the yield and quality of agricultural products, to improve their 
aroma and appearance.

• To increase the resistance of plants against diseases, pests and weeds.
• To get more efficiency from the unit area.

Table (2 and 3) are shown genetically modified organisms are used in which 
product and for what purpose.

Table 2. Genetically modified cereals (Demir et al. 2006; 
Ergin & Yaman 2013; Hilscher et al. 2017; ISAAA 2017; 

Tsatsakis et al. 2017; Cebirbay & Aktaş 2018; Babiye et al. 2020)

GM products Goals
Rice Increase yield, iron and beta-carotene ratio
Rice, walnut Reducing allergic effects
Rice Increasing the amount of vitamin A
Corn and soybean Resistance to herbicides, use in fish feeding
Cotton and corn Resistance to insecticides
Wheat Resistance to powdery mildew
Corn Resistance to plant virus diseases and use in broiler feeding
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Table 3. GM fruit and vejetables (Demir et al. 2006; Ergin & Yaman 2013; 
Hilscher et al. 2017; ISAAA 2017; Arvas et al. 2018; Cebirbay & Aktaş 2018)

GM crops Goals
Tomato Resistance to herbicides and extending shelf life, 

increasing the rate of carotenoids
Banana Resistance to banana bacterial-xanthomonas wilt 

(BXW)
Potato Increasing protein amount and stress tolerance
Potato, tomato Reducing the amount of toxic substances
Grape, pepper, tomato Seedless crop production
Soybean, corn, potato Resistance to antibiotics and insecticides
Canola, sunflower Increasing the unsaturated fat rate, resistance to 

herbicides
Strawberry, peach, ananas Delaying the ripening time and extending the 

shelf life
Potato Prevention of cholera and diarrhea
Banana Resistance to viruses
Papaya, potato Resistance to viruses
Apple Inhibition of enzymatic browning

The basis of sustainable agriculture is the protection of soil, water, energy and the 
environment, ensuring its continuity, the reusability of these resources and the 
principle of not being polluted. The sustainable agriculture basically has to create 
a balance between the resource conservation and environmental protection, 
minimum workforce, input use and optimum productivity (Açıksöz 2001).

Sustainable agricultural techniques used in the production of herbal 
products include tillage, weed control, crop rotation, seed selection, planting, 
fertilization, maintenance, harvesting and threshing processes. In each of these 
listed stages, it is among the main objectives of the producers to achieve high 
efficiency by using the least input. At the same time, the farmers are successful 
in these processes when they choose the right and appropriate agricultural 
systems in their own ecology. They do not only spoil the natural resources 
they use in production but also not pollute. Undoubtedly, many factors such as 
the ecological factors of the region, the socio-economic level of the producer, 
the agricultural culture reached, purchasing power, agricultural extension and 
consultancy support, land ownership, and marketing opportunities affect all of 
these (Ulukan & Güler 2000).
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The sustainable agriculture combines three main goals. These are the 
principles of environmental health, economic profitability and social equality 
(Chernyak 2001). The sustainability in agricultural lands is aimed with the 
conscious use of soil, air and water in terms of the environment. It is important 
that people who are economically engaged in agriculture earn the necessary 
income from their products both in the short and long terms. In terms of social 
aspects, the sustainable agriculture should be in accordance with the regional 
moral values (Türkmen 2007).

A sustainable agriculture model that includes genotype, environment, 
management and human factors can be applied to solve complex agricultural 
problems. Therefore, the factors such as suitable plant varieties, genetic 
characteristics of plant seeds, resistance to diseases, tolerance to drought, 
resistance of plants to acid and alkali soil conditions are important in sustainable 
agriculture. Secondly, the role of the environment, temperature, altitude, 
precipitation amount and time, sunshine duration, day length, soil acidity 
(pH) and other soil characteristics are significant. Thirdly, the features such as 
agricultural management, crop rotation, tillage, integrated pest and weed control 
are important. In addition, the cultural and social status of the producers must 
be taken into account when the human factor is taken into account in sustainable 
agriculture (Türkmen 2007).

In the light of these explanations, creating a sustainable agricultural 
sector will be possible by ensuring the food safety, increasing crop production, 
productivity and quality. In order to meet the nutritional needs with the increase 
in the world population, it is necessary to increase the production and export 
by increasing the production of the plants that have a comparative advantage, 
to increase the income of the farmers and to achieve the objectives of ensuring 
stability. Therefore, it is of great importance to use environmentally friendly 
products and production technologies with the protection of natural resource 
stock in agricultural production, and more environmentally friendly agricultural 
systems such as good agricultural practices and organic agriculture (Turhan 
2005).

The biotechnological possibilities reached today have made it possible to 
change the genetic material of organisms in order to gain new characteristics to 
plants, animals and bacteria (Öcal & Işıklı 2019). In order to develop bacterial-
origin toxin-producing varieties, the transferring resistant genes to some plants 
may cause unwanted genes to be transmitted to nature, which may lead to 
disruption of the ecological balance. When nature is carefully examined, it is 
known that there is a gene exchange between the species. Therefore, it can be 
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said that the gene flow from GM crops to their wild relatives is possible (Aslan 
& Şengelen 2010). It is considered that GM crops may reduce biodiversity as 
well as contain allergic substances due to the activation of new genes in plants 
(Krimsky 2019). The genes in genetically modified plants can also be passed on 
to wild types in undesirable ways, such as seeds or pollen. It has been reported 
that some GM plants in the USA can fertilize wild plants more than 20 km away 
through their pollen, as well as transfer their genetic characteristics to another 
plant (Bravo & Soberon 2007).

4. Discussion and Conclusion

Today, the biotechnology is used in many fields such as agriculture, medicine, 
veterinary medicine, pharmacy and industry. It is inevitable to use biotechnological 
methods in agriculture in order to maintain the genetic diversity of plants in 
order to meet the food needs of the rapidly increasing world population and 
to complete the use of new methods in breeding studies in a shorter time. The 
promising studies on yield and quality increase in plant production, increasing 
resistance to adverse climatic conditions, extending the shelf life of products 
and increasing the plant resistance against diseases and pests, which are one of 
the biggest problems of modern agriculture, highlight gene technology. These 
studies clearly demonstrate the importance of gene technology in terms of 
ensuring the sustainability in agriculture. The use of biotechnological methods 
emerges as a necessity in order to ensure the sustainability of economic and 
natural resources within the framework of sustainable agriculture. However, 
it is a matter of debate how genes transferred using biotechnological methods 
can change over time. Considering the possible risks, it may not be possible 
to compensate for the negative effects on the ecological balance, human and 
environmental health. This is a matter of debate as it contradicts the principle of 
establishing a balanced agriculture system based on the principle of economic 
profitability, environmental factors and social equality, which are among 
the objectives of sustainable agriculture. As a result, the integration of gene 
technology into sustainable agriculture today both supports and challenges.
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1. Introduction

The repeated data are defined as the measurements obtained consecutively 
from the same individual or unit over time or under different conditions. 
Thus, the dependent variable consists of consecutive measurements 

obtained from the same individual(s). The examples of repeated measures are 
the weight measurements from an animal over time, or skin samples taken from 
different points of the same animal. Since multiple measurements are obtained 
in repeated data, it provides researchers with the opportunity to work with 
measurements with less individuals and larger sample sizes. For example, in 
a study conducted with 5 individuals, n=5×14=70 measurement values   will be 
obtained at the end of the 14th week with weekly measurements taken from each 
individual. In addition, it can provide detailed information about the individual 
changes of each individual in the study according to the general average. In 
this sense, it is widely used in many fields, especially in animal production. 
However, in repeated measures, these measurements taken consecutively from 
the same individual (same animal) are not independent of each other. Therefore, 
since the presumption of independence of observations cannot be provided in 
many classical methods (for example, the analysis of variance), these methods 
cannot be used in repeated measures. Therefore, the statistical methods which 
take into account this dependency have been developed (Littell et al. 2000; 
Wang & Goonewardene 2004).
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It is possible to define the dependence of observations as the covariance 
structure of data set in repeated measures. The covariance structures differ 
according to the design of the experiment or the nature of observations. For 
this dependency structure to be determined correctly, first of all, the statistical 
method(s) to be used should allow the definition of different covariance 
structures. If the covariance structure of the dependent variable cannot be 
determined correctly, it is likely to an underestimation of the standard error due 
to the increasing of the type I error rate. However, in an uncomplicated repeated 
experiment, if the covariance structure is chosen too complex, then the power 
and effectiveness of the test will also decrease (Hanford 2005). The variance-
covariance structures used to determine the relationship structures between the 
repeated measures are under two headings as; homogeneous and heterogeneous 
(Kaps & Lamberson 2004).

Various methods are used to evaluate the data obtained from repeated 
measures. These methods are univariate repeated measures analysis of 
variance (RANOVA) and multivariate repeated measures analysis of variance 
(RMANOVA) as classical methods under the assumption of continuous and normal 
distribution of the dependent variable. However, these classical approaches have 
some limitations regarding covariance structures. For example, the RANOVA 
method assumes that the correlation between all pairs of measurements obtained 
from the same individual is equal, regardless of the distance between the 
measurement times from which the dependent variable is taken. The method 
assumes compound symmetry (CS) structure based on the assumption that the 
measurements obtained from time intervals have homogeneous covariance. 
Similarly, the RMANOVA assumes that variances and covariances between the 
measurements obtained over time, known as the Unstructured (UN) covariance 
structure, are not equal in the relationship structure between the measurements 
that is; they exhibit a heterogeneous structure. Another important limitation 
in classical approaches is that they require a balanced data structure. Both 
the constraints in covariance structures and the requirement for balanced data 
are not particularly suitable for long-term repeated measurement (Hedeker & 
Gibbons 2006 ). Contrary to classical methods, the modern methods such as the 
general linear mixed model are more preferred than classical methods, as they 
provide advantages such as being applicable in case of missing observations 
and defining different covariance structures in the model, which takes into 
account the repeated measurement structure (Wang & Goonewardene 2004; 
Davidian 2007). However, since there is no necessity to take the same number of 
measurements from individuals in general linear mixed models, the individuals 
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with missing observations are included in the analysis for increasing the power 
of test (Bati 2017). In mixed models, how each individual changes according 
to the population mean can be obtained by the random effects defined in the 
model. Therefore, in mixed models, it is possible to monitor the change and 
development of individuals over time according to the average (Ser 2012).

This chapter aims to give information about the general linear mixed model 
and variance-covariance structures used in the analysis of repeated measures 
data. Thus, the chapter begins with the introduction of the general linear mixed 
model and variance-covariance structures, respectively. Then, the information 
is given about the fit criteria used to determine the covariance structure between 
the repeated measurements. The chapter ends with the applications of SAS 
software for the selection of variance-covariance structures in the general linear 
mixed model.

2. General Linear Model and General Linear Mixed Model 

While the aim in the general linear model ( )Y X eb= +  is to model the mean 
vector structure of the dependent variable ( )b  using the parameter vector, the 
general linear mixed model ( )Y X Zu eb= + +  aims to model the covariance 
matrix structure of the vector of the dependent variable by chance terms based 
on the (u) vector (İyit & Genç 2011). The matrix representation of the general 
linear model is presented below.

In matrix notation, 1 2,  , ., pb b b¼  is the parameter vector for fixed effects (eg 
t1, trt2, …, trtp) and e is the random error vector (N~(0, 2

es ). However, Y is the 
response vector and X is the design matrix for fixed effects. Thus, the statistical 
model of the fixed-effect general linear model; Y X eb= +  ( ( )E Y X b= , 

2 ( )V Y Is= , 2~ ( , )eY N X Ib s .
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In the general linear mixed model developed on the basis of the general 
linear model, random effects are added to the model as well as fixed effects. 
Matrix representations are given below.

The term mixed is used because the general linear mixed model includes both 
fixed effects ( )b  and random effects ( )u . Accordingly, the statistical model of 
the general linear mixed model is given in Equation 1.

   Y X Zu eb= + +  (1)

In Equation 1, it is assumed that the Y ’s are normally distributed and the 
regression parameter ( )b  is constant for all individuals. It is assumed that the 
random effects ( )u  in the model as the subject specific regression coefficient are 
independent of each other ( )( )~ 0, .u N G  Included in the model are the design 
matrices for fixed ( )X n p´  and ( )Z n q´  random effects, respectively. e  

is the random error term ( )( )~ 0,e N R . Under the assumption that the 

random effects are normally distributed; 
0
0

u
E

e
é ù é ù

=ê ú ê ú
ë û ë û

 and 
0

0
u G

Var
e R
é ù é ù

=ê ú ê ú
ë û ë û

 

Thus, the equation ( ) 'V Y V ZGZ R= = +  is obtained. Because; 

( ) ( ) ( ) ( ) ( ) ' 'V Y V X Zu e V Zu V e ZV u Z R ZGZ R= + + = + = + = +  
(Wang &Goonewardene 2004; Hedeker & Gibbons 2006; Cue 2021).

2. Variance-Covariance Structures Commonly Used in Repeated 
Measures 

In experimental design with repeated measures, the variance-covariance 
structures are used to determine the relationship between the measurements. 
These structures are examined under two headings as homogeneous and 
heterogeneous (Kaps & Lamberson 2004). Some homogeneous aeterogeneous 
structures frequently used in studies are given in Tables 1 and 2, respectively. 
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2.1. Selection of the appropriate covariance structure between repeated 
measurements

In general linear mixed models, Akaike (Akaike’s Information Criterion 
(AIC)), Corrected Akaike’s Information Criterion (AICC) and Bayesian 
(Bayesian Information Criterion (BIC)) information criteria are frequently 
used to determine the covariance structure of the dependent variable between 
the consecutive measures. In the selection of homogenous and heterogeneous 
variance-covariance structures, the structure providing the smallest AIC, AICC 
and BIC values is determined as the covariance structure. Then, the results 
obtained from this structure in the researches are included in the studies (Wang 
& Goonewardene 2004). The general information on these compliance criteria 
is given in Table 3.

Table 3. Goodness-of-fit criteria used to determine the covariance structure 

Equations  References Selection criteria

AIC 2ln( ) 2AIC L k= - + Akaike (1973) Small is better

AICC
2 ( 1)

1
k kAICC AIC

n k
+

= +
- -

Sugiura (1978) Small is better

BIC 2 ( ) ( )BIC Ln L kLn n= - +                
Schwartz 
(1978)

Small is better

In the big samples, the success of both AIC and BIC criteria is close to each 
other in determining the most appropriate variance-covariance structure for the 
data set. In repeated design with small sample size, both number of parameters 
and sample size should be taken into account for determining the variance-
covariance structure. Therefore, use of BIC is recommended for small sample 
size (Littell et al. 2006; Ser 2012;). In determining the variance covariance 
structure, both BIC and AIC criteria give consistent results. However, the BIC 
information criterion is more consistent when the model is finite dimensional 
(parametric), whereas the AIC information criterion is more consistent when the 
model is infinite dimensional (non-parametric) (Liu & Yang 2011).

3. Proc Mixed Procedure in SAS Program

For general linear mixed model analysis, the proc mixed procedure of the 
SAS software (SAS 2014) has been developed. The procedure is very popular, 
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especially as it provides more flexibility in modeling the covariance structures for 
repeated measures data and provides a comprehensive output to the researcher 
(Kaps & Lamberson 2004). Therefore, in this section, information about the proc 
mixed procedure is given and the applications are made through examples. The 
general format of the procedure and some important commands are given below.

Brief information about frequently used commands about the proc mixed process 
is as follows:

Proc mixed <options>: The dataset to be analyzed is defined. By default, 
SAS gives the results obtained from the REML parameter estimation method. 
However, when the “method=ML” code is added, it can also give the results 
obtained from maximum likelihood (ML). At the same time, by adding the 
“covtest” command, the results of the asymptotic standard errors and Wald tests 
for the covariance parameter are obtained.

Class: The fixed effects used in the analysis are defined.

Model dependent	variable=<fixed	effects><options>: It defines constant effects 
and covariates in the dependent variable and class section. It is also used to 
define the fixed effects design matrix ( X ). However, if intercept ( 0b ) is not 
included into the design matrix in the options section, the “noint” command 
is used. The “solution” command can be used if it is desired to obtain detailed 
parameter estimations regarding the fixed effects.

Random	effects/<options>: The random effects in the data set are defined. In 
other words, it is used to define covariates in the design matrix (Z) for individual 
effects. However, the covariance structure (G) is defined using the “type=” 
command in the options section. Here, all homogeneous and heterogeneous 
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variance-covariance structures can be defined (e.g. type=cs, vc, ar(1), toep, csh, 
arh1, toeph, un etc.). In addition, the variable from which repeated measurements 
are taken is defined with the command “subject= or sub=”.
Repeated	 /<options>: The error term (e) is used to describe the variance-
covariance structure (R). The repeated effect under this command must be 
defined under the class command. For example, if sequential measurements are 
measured over time, there will be a time-repetitive effect. However, different 
variance-covariance structures (e.g. type=cs, vc, ar(1), toep, csh, arh1, toeph, 
un etc.) can be defined using the “type=” command in the options section. In 
addition, the variable from which repeated measurements are taken is defined 
with the command “subject= or sub=”.
lsmeans	 fixed	 effects	 <options>: It gives least squares estimates for fixed 
effects. In the Options section, there are the “pdiff” command and “adjust=tukey 
or bonferroni etc.” Significance and comparisons of treatment averages are 
obtained by adding commands (Stroup et al. 2018).

3.1. Example

Four different feedings were applied to male lambs. For body weight gain, 
live weight was recorded. In the experimental design, 10 lambs used in each 
treatment group, thus totally 40 lambs were included into study. The live weight 
measurements for each individual were determined at 15-day intervals and a total 
of 10 measurements were recorded. Thus, the sample size of this experiment (n 
= number of animals × measurement time = 40 × 10 = 400) was 400.

The SAS software image, which includes the data entry and frequently used 
codes related to the application data in the proc mixed procedure, is given in Figure 
1. In this application, the procedure was followed by using only the repeated code.

Figure 1. Image of proc mixed procedure in SAS program
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Step 1

In order to determine the relationships between structures of repeated 
measurements, the variance-covariance structures in Tables 1 and 2 were coded 
and the goodness fit criteria were obtained. Results are presented as Output 1.

SAS Output 1

Explanation 1: The structure that gives the smallest AIC, AICC and BIC values 
among the covariance structures is determined as the most appropriate structure 
for the data set. Accordingly; the toeph structure, which exhibits a heterogeneous 
structure, was determined as the most appropriate structure for modeling the 
relationship between the repeated measurements. In the application, the examples 
of some basic structures are given. However in the studies, the compatibility 
of different covariance should be tried as much as possible in determining the 
covariance suitable for the data set.
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Step 2

After determining suitable of the covariance model for the data set, the results 
obtained from the toeph structure are given in Output 2.

SAS Output 2
The correlation matrix (R) between pairs of live weight measurements taken 
over time is given for Animal 1.

Explanation 2: In the correlation matrix created for Animal 1, the rows and columns 
show time points at which measurements were taken. In the matrix, the repeated 
measurement pairs in the far time interval have a smaller correlation value than the 
repeated measurement pairs with a closer time interval. For example; the correlation 
(r) between the body weight measurements at the 1st and 2nd measurement times is 
98.57 % while 83.15 % at the 1st and 10th measurement times. 

For toeph covariance structure, the covariance parameter estimates and 
their significances are as follows.
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Explanation 3: In this model, the different variance estimates are obtained 
for each time point due to its heterogeneous structure (σ1

2, σ2
2, …., σ10

2). 
These variances form the diagonal elements of the toeph covariance matrix. 
However, TOEPH(1), TOEPH(2), TOEPH (3), TOEPH(4), TOEPH(5), TOEPH 
(6), TOEPH (7), TOEPH(8) and TOEPH(9) show the covariance between the 
measurements of animal 1 in which consecutive measurements were taken. 
Accordingly, the matrix representation of the toeph covariance structure can be 
formed as follows.

The results for the fixed effects obtained from the toeph structure are given 
below.

Explanation 4: When the results for fixed effects are analyzed, the time factor 
has a significant effect (p<0.0001). In other words, it can be stated that there 
are significant differences between the live weight measurements depending 
on time. In addition, it was determined that different feeding methods and 
interaction effect of these methods over time were not significant.

Conclusion

In repeated measures, it is first necessary to determine the nature of the 
relationship between the measures, because the covariance structures used in 
determining the relationship structure have a significant effect on the predictions 
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to be made. In determining the covariance structures, many factors should be 
taken into account, such as both the measurement times in which the consecutive 
measurements are obtained and the time-dependent changes in the relationship 
between the pairs of observations. However, the statistical methods to be used 
in determining the covariance structure are also important. Contrary to the 
strict attitudes of classical methods on covariance structures, the mixed model 
approaches that provide flexibility in defining different covariance structures 
should be preferred.
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