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ABSTRACT 

In vitro grown pomegranate seedlings were found to have a low specific leaf mass (g/dm2) in the 

first day (1 day), which was supposed to be associated with high water content in the leaf during 

the initial period of adaptation to natural soil conditions. As an object of the study “Qora qayim”, 

“Qizil anor”, “Oq dona (Tuyatish)”, and “Achchiq dona” local varieties of pomegranate were 

selected which grow in Sirdarya region of the Republic of Uzbekistan. It was also found that the 

transpiration intensity was relatively high in the early stages of the adaptation period when 

transplanting a plant grown under in vitro condition into a non-sterile soil environment, as well 

as a decrease in water content in the leaves, i.e. a high water deficit value was observed, and 

accordingly, it is recommended to increase the humidity level in the atmospheric environment 

around the plant to 90-95% and then gradually reduce it to 50% in order to ensure optimal 

adaptation mechanisms of the plant to soil conditions. 

Keywords: Punica granatum L,pomegranate, in vitro, transpiration, adaptation, microclonal 

propagation. 

1. INTRODUCTION 

Efficient use of arable land is of strategic importance in the cultivation of agricultural crops.  Due 

to the salinization and degradation of arable lands, the selection and cultivation of plants of 

economic and social significance in accordance with the conditions is one of the most pressing 

issues for science and industry[3]. Therefore, microclonal propagation of pomegranate under in 

vitro condition and obtaining pathogen-free seedlings are of great importance. 

Today, many major research centers around the world pay special attention to the cultivation of 

pomegranates in connection with the increase in agricultural crop yields. The proper choice of 

varieties of pomegranate suitable for ecological climatic conditions allows high yields of 

pomegranate and its wide use in the food industry[19]. Accordingly, microclonal propagation of 

local pomegranate varieties under in vitro condition is important in terms of relevance. 

At present, in the Republic of Uzbekistan a special attention is paid to the implementation of 

scientific and innovative achievements in the production of ecologically pure products from 

plants. However, enough research and studies  haven’t been done in the country on the creation 

of pomegranate varieties resistant to local climatic and soil conditions, in turn, theoretical and 

practical research in this area is considered most relevant. 
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Pomegranate (Punica granatum L.) is a subtropical plant species belonging to the family 

Punicaceae Horan, consisting of 1 genus (Punica L.) that includes 2 species (P. granatum L. and 

P. protopunica Balf.)[12]. Pomegranate leaves are elliptical, narrow, located opposite to each 

other at the base. In different geographical and climatic regions, pomegranate fruit growing 

conditions, growing period and fruit ripening times differ significantly. For example, in the 

Northern Hemisphere, pomegranates ripen in September-October [8], while in the Southern 

Hemisphere (South Africa, etc.) they ripen in March-May [9]. 

Pomegranate is propagated mainly vegetatively by cuttings, it is a drought- and frost -resistant (–

15–17°C) plant that loves moist. The fruit of the pomegranate has long been mentioned since the 

ancient times as a source of happiness in the religion Buddhism, and a fruit of paradise in Islam. 

In the ancient East and China, it was valued as a symbol of prosperity and fertility [15]. 

The aim of the study was to make a comparative analysis of the dry matter and water content of 

the leaves of local pomegranate varieties and to analyze the dynamics of their change over time 

intervals. 

2. MATERIALS AND METHODS 
Transpiration intensity is an integral indicator of water regime in plants and was determined 

using a standard method in the study [5;7; 14]. The transpiration rate was calculated using the 

following formula [10]: 
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Where:  

Т is transpiration rate; mi is  initial weight of  leaf, (gm); m is leaf weight after passing and t is 

time (min.). 

In the studies, transpiration intensity in pomegranate leaf was determined using a standard 

method. The cut plant leaf was weighed every 5 minutes, the intensity of transpiration was 

expressed as the amount of water evaporating from 1 cm2 of leaf surface during 1 hour. 

Transpiration intensity was calculated by the following formula  [3, 6]. 
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n is the amount of water evaporating for 5 min.from leaf surface (mg); 12 is the coefficient of 

conversion of minutes into hours ( 12)
5
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 ; S is the surface area of leaf (сm2).  
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Transpiration is an important process associated with the water regime in plant metabolism and 

is an integral indicator of the water regime [8]. In transpiration, 90% of the water absorbed from 

the soil layer by the plant root evaporates through the leaves, 582 cal/g of heat is released from 

the plant at +20°C, and the body maintains optimal thermoregulation. The transport of 

substances through the conduction system in the plant is activated during transpiration. The outer 

surface of the pomegranate leaf is covered with a layer of cuticle, on the surface of the leaf there 

are 1-60 stomata with a diameter of ~3-12 μm, relative to the surface of 1 cm2 [5]. 

Determination of water content in pomegranate leaves was performed using a standard method 

[12]. In this case, the surface of the leaf was washed with distilled water, wiped with a sterilized 

paper napkin and weighed in a dry state (Electron Balance; JA603N). In the next step, it was 

dried in a thermostat at 102 ± 0.2 °C for 6 hours and weighed on a scale. The percentage of 

weight of dry matter in the leaf was calculated using the following formula [11]: 
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А is the percentage of dry matter in the leaf (%); В is the weight of actual leaf (gm); С is the 

weight of dried leaf (gm) (Fig.1).  

 

Figure 1. Pomegranate leaves used in the experimental analysis (in actual state) and after 

thermal treatment. 

The water content in the leaf was determined by the following algorithm based on the average 

value of 10 leaves. Initial weight (mI) of the leaf was determined on a scale , after drying at 

5±0,1°С in dark condition for 2 days (48 hours)  it weighed (mII) again. In the next step, the leaf 

was dried at thermostat at 102±0,2°С and its dried weight (mIII) was identified. Water content 

(МR) in the leaf  was calculated using the following formula [12; 13]: 
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Depending on the growing conditions, in the leaves of the pomegranate plant, the total moisture 

content averaged 55-58%, and the changes during the day depending on the weather temperature 

were noted. The transpiration intensity in pomegranate was a maximum of 780 mg/g. hours, with 

an average of 430-780 mg/g. hours of fluctuation was recorded during the growing season. Also, 

the intensity of transpiration decreases with a sharp increase in air temperature in summer [3]. 

The specific leaf mass was determined using a standard method. The leaf was cut into pieces of 

the specified size (1.55 cm2) from the middle and dried in a thermostat for 6 hours at a 

temperature of 102±0.2°C. The specific leaf mass was calculated using the following formula 

[3]: 

S

m
specific   (5) 

specific is specific leaf mass (gm/dm2); m is weight of the cut leaf piece (gm); Sis surface of the 

cut leaf piece (dm2). 

3. RESULTS AND DISCUSSION 

It was found that the transpiration process was significantly changed when transplanting into the 

ground the seedlings of local pomegranate varieties obtained by in vitro microcloning. Table 1 

shows the results obtained on the percentage of dry matter per day in the leaves of in vitro grown 

seedlings of some local varieties of pomegranate (“Qora qayim”, “Qizil anor”, “Oq dona (Tuya 

tish)” and “Achchiq dona”) (Tabl. 1). 

Percentage of dry matter in the leaves of “Qora qayim” and “Qizil anor” varieties were noted to 

decrease reliably by 29.2% and 26.7% respectively compared to control variant. It was found 

that the proportion of dry matter in the leaves of in vitro grown seedlings of the pomegranate 

varieties “Oq dona (Tuyatish)” and “Achchiq dona” decreased unreliably by 8.96% and 18.5%, 

respectively compared to control variant (Tabl. 1). 

Table 1.The results of a comparative analysis of the amount of dry matter in the leaves of 

the studied pomegranate varieties 

# Pomegranate varieties 
Percentage of dry matter in the leaf (%) 

control In vitro grown 

1 “Qora qayim” 33.6±3.5 23.8±3.1** 

2 “Qizil anor” 22.5±2.4 16.5±2.2* 

3 “Oq dona (Tuyatish)” 26.8±3.3 24.4±2.8 

4 “Achchiq dona” 25.4±2.7 20.7±2.5 

Note: * – compared to control p<0.05; ** – p<0.01 (n=3-4). 
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From the results obtained, it is obvious that the total dry matter content in the leaves of seedlings 

grown under in vitro condition was statistically significantly lower than the control. This 

situation is due to the mechanism of adaptation to the intensity of nutrient uptake by roots in the 

initial period of planting in natural soil conditions, the low content of dry matter in the leaves of 

in vitro grown seedlings of pomegranate can be explained by the low amount of inorganic matter 

in the leaves. The value of this analyzed indicator was found to be mutually different in varieties. 

This situation can be explained by the fact that the genetic and physiological characteristics of 

varieties, the degree of adaptation to soil and climatic conditions differ from each other. 

In the next step of the study, the dynamics of changes were analyzed in the time interval of the 

percentage of dry matter in the leaves of seedlings grown under in vitro condition in the local 

pomegranate varieties “Qora qayim”, “Qizil anor”, “Oq dona (Tuyatish)” and “Achchiq dona” 

(Fig. 2A, B). 

At the same time, it was found that in the local pomegranate varieties “Qora qayim”, “Qizil 

anor”, “Oq dona (Tuyatish)” and “Achchiq dona” no general changes were observed in the 

dynamics of the dry matter content change (%) during 1-60 days. It was determined that the 

minimum and maximum values in the dynamics of the change in the content of dry matter in the 

leaves (%) of in vitro grown seedlings of local pomegranate varieties “Qora qayim”, “Qizil 

anor”, “Oq dona (Tuyatish)” and “Achchiq dona” were respectively 23.8/30.5; 16.5/24.7; 

24.4/26.7 and 20.7/23.4  during 1-60 days, i.e., increased in the form of regularity, and 

manifested close value to control variants within 30-60 days (Fig. 2B). 

 

 

Figure2. Dynamics of the change of the proportion of dry matter content in the time interval in 

the leaves of seedlings of local pomegranate varieties “Qora qayim”, “Qizil anor”, “Oq dona 

(Tuyatish)” and “Achchiq dona” (A) in the leaves of in vitro seedlings (B) compared to control 

variant. In the ordinate axis, the percentage of dry matter in the leaf is expressed as a percentage 
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(%). In the abscissa axis time is expressed (days) * – compared to control р<0.05, ** – р<0.01 

(n=3-5). 

The results obtained show that the mechanism of adaptation of pomegranate seedlings grown 

under in vitro condition to natural soil conditions occurs at high intensity during 1-30 days. 

The following figures show the selected pomegranate cultivars propagated from cuttings and an 

overview of the in vitro seedlings of pomegranate during the growth and development (Fig.3). 

 

Figure 3. Pomegranate cultivars propagated from cuttings and an overview of the in vitro 

seedlings of pomegranate during the growth and development. 

The structure of the leaves of pomegranate seedlings propagated from cuttings of selected 

pomegranate varieties and in vitro grown pomegranate seedlings plays a special role in the 

process of photosynthesis in them[16]. In this case, the water retention parameters in the process 

of leaf transpiration are important in plants. So, in the next step of the experiments, the changes 

in water content in the leaves were analyzed when in vitro pomegranate seedlings were 

transplanted into natural soil (Tabl. 2). 

The water content in the leaves (%) of the control group varieties was found to be the 

lowest in the “Qora qayim” and the highest in the “Qizil anor” variety. It was also noted that the 

average water content in the leaves of local pomegranate varieties “Qora qayim”, “Qizil anor”, 

“Oq dona (Tuyatish)” and “Achchiq dona” was 72.7%. The lowest value of water content in the 

leaves of pomegranate seedlings grown under in vitro condition was noted in the “Oq dona 

(Tuyatish)” variety, while the highest indicator was again observed in the “Qizil anor” variety. In 

vitro pomegranate seedlings manifested 78.7% water content in their leaves compared to control 

seedlings (Tabl. 2). 
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Table 2 The results of a comparative analysis of the amount of water in the leaves of the 

studied pomegranate varieties 

# Pomegranate varieties  
Water content in the leaf (%) 

control In vitro grown 

1 “Qora qayim” 66.4±4.3 76.2±2.5** 

2 “Qizil anor” 76.5±3.2 83.5±4.4 

3 “Oq dona (Tuyatish)” 73.4±4.7 75.6±3.4* 

4 “Achchiq dona” 74.6±2.4 79.5±2.1** 

Note: * – compared to control р<0.05, ** – р<0.01 (n=3-4). 

During the experiment of the study, the dynamics of changes of water content in the time interval 

was analyzed in the leaves of in vitro seedlings of local pomegranate varieties “Qora qayim”, 

“Qizil anor”, “Oq dona (Tuyatish)” and “Achchiq dona” in comparison with control variant (Fig. 

3A, B). 

The results of the experiment showed that no significant change in the amount of water was 

observed in the leaves of the selected pomegranate varieties in the control group during 1–60 

days (Fig. 4A). 

The water content in the leaves of in vitro seedlings decreased sharply in the first days, and in the 

varieties “Qora qayim”, “Qizil anor”, “Oq dona (Tuyatish)” and “Achchiq dona” a decrease in 

this value ranged from 76.2±2.5% to 52.6±3.4%; from 83.5±4.4% to 62.5±2.7%; from 

75.6±3.4% to 58.2±2.5% and from 79.5±2.4% to 64.7±3.4% respectively within 10 days. In the 

next 30-60 days, the amount of water in the leaves was found to be closer to control variant, and 

in selected pomegranate varieties the value of this indicator increased to 65.5±3.5; 75.4±2.6; 

72.8±5.6 and 73.5±3.5% in 10 days respectively (Fig. 4B). 

 

Figure 4. Dynamics of changes of the amount of water in the time interval in the leaves of 

seedlings (Control; A) of the local pomegranate varieties “Qora qayim”, “Qizil anor”, “Oq dona 
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(Tuyatish)” and “Achchiq dona” and in the leaves of seedlings grown under in vitro condition 

(B) (* – compared to control р<0,05, ** – р<0,01; n=3-4). 

The intensity of the photosynthesis process in a plant depends on the value of the specific leaf 

area mass. Also, the value of this indicator is an indicator that allows to estimate the intensity of 

transpiration in the plant [1,22,24,25]. Studies have shown that the specific leaf mass of 

pomegranate depends on the growth conditions and the developmental phases during the 

growing period [2]. 

According to the results, the specific leaf mass (g/dm2) of pomegranate seedlings grown under in 

vitro condition was statistically significantly lower than the control in the first day (1 day) (Tabl. 

3). 

Table 3 The results of the analysis of the value of the specific leaf mass of the studied 

pomegranate varieties 

# Pomegranate varieties 
Specific leaf mass (g/dm2) 

control In vitro grown 

1 “Qora qayim” 0,75±0,04 0,54±0,02** 

2 “Qizil anor” 0,83±0,03 0,66±0,03** 

3 “Oq dona (Tuyatish)” 0,74±0,05 0,62±0,04* 

4 “Achchiq dona” 0,76±0,04 0,53±0,05** 

Note:* – compared to control р<0.05, ** – р<0.01 (n=3-4). 

In the control group, the value of this indicator averaged 0.77±0.04 g/dm2; in the experimental 

group it was 0.59±0.03 g/dm2. The results obtained are consistent with the results of the available 

literature. Typically, an increase in the value of specific leaf area mass during the plant 

development phase is noted to decrease with increasing moisture level [2,22,24]. 

In the results obtained, lower specific leaf mass (g/dm2) of pomegranate seedlings grown under 

in vitro condition than in the control is explained by the high content of water in the leaf during 

the initial period of adaptation to natural soil conditions. In order to clarify the physiological 

mechanism of this condition, the intensity of transpiration in the leaves was analyzed in the 

transfer of in vitro seedlings of local pomegranate varieties “Qora qayim”, “Qizil anor”, “Oq 

dona (Tuyatish)” and “Achchiq dona” into natural soil. 

Transpiration is an integral indicator of the water regime in the plant [3,23,24]. It is important to 

study the effect of water-related stress on the transfer of a plant propagated under in vitro 

condition into a non-sterile soil environment [4]. Therefore, it is expedient to investigate 

thoroughly the water exchange, the dynamics of changes in water content in the leaves and the 
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intensity of transpiration when transplanting in vitro propagated pomegranate seedlings into 

natural soil conditions. 

It was found that the transpiration intensity was relatively high in the early stages of the 

adaptation period when transplanting a plant propagated under in vitro condition into a non-

sterile soil environment, as well as a decrease in water content in the leaves was observed, and 

accordingly, it is recommended to increase the humidity level in the atmospheric environment 

around the plant to 90-95% and then gradually reduce it to 50% in order to ensure optimal 

adaptation mechanisms of the plant to soil conditions [5, 17]. 

When transplanting pomegranate seedlings grown under in vitro method into non-sterile soil, it is 

recommended to ensure that the humidity level of the environment is relatively high in the initial 

period. The above results can be used in the development of a comprehensive system of 

measurements to optimize the growth of in vitro grown pomegranate seedlings in the natural 

environment. 

The experiments are a continuation of a wide range of research in this area, which allows to 

propagate local pomegranate (Punica granatum L.) varieties by micro-cloning and optimize the 

process of obtaining pathogen-free planting material [18, 19, 20, 21]. 

4. CONCLUSION 

So, the specific leaf mass (g/dm2) of pomegranate seedlings grown in vitro method was found to 

be low in the first day (1 day), which was assumed to depend on high water content in the leaf 

during the initial period of adaptation to natural soil conditions. Conducted experiment showed 

that the transpiration intensity was relatively high in the early stages of the adaptation period 

when transplanting a plant propagated under in vitro condition into a non-sterile soil 

environment, as well as a decrease in water content in the leaves, and accordingly, it is 

recommended to increase the humidity level in the atmospheric environment around the plant to  

~90-95% and then gradually reduce it to 50% in order to ensure optimal adaptation mechanisms 

of the plant to soil conditions.  
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