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Nearly all of the apricot varieties grown in Malatya are dried apricots and the plantation areas in 
this region are expanding daily. Due to the impact of climate change, producers are growing apricots 
mostly under limited irrigation or even dry conditions. Therefore, it is essential to determine the 
drought resistance characteristics of the varieties commonly cultivated in this region. In this study, 
different irrigation levels of 100%, 75%, 50% and 25% of available water were applied to 
Hacıhalioğlu, Kabaaşı, Çataloğlu, Hasanbey and Soğancı apricot varieties. To evaluate the 
resistance of the varieties to drought stress and its relationship with physiological changes, 
chlorophyll a and b, carotenoids, total sugar, total starch and abscisic acid contents in the leaves 
were analyzed. A decrease in chlorophyll a and b, carotenoids, total starch values and an increase 
in total sugar and ABA values were determined due to the decrease in irrigation rates. In Kabaasi 
and Hasanbey varieties, which were observed as the most resistant to water shortage, chlorophyll a 
and b, carotenoids, total starch values were higher and total sugar content was lower at decreased 
irrigation levels. No difference was detected between varieties in ABA values. As a result of the 
observations in the drought resistance tests and physiological analyses, it was concluded that the 
most resistant varieties were Kabaasi and Hasanbey. Unfortunately, the most sensitive variety was 
the most widespread Hacihaliloglu. In addition, analyzing and evaluating the physiological changes 
occurring in apricot under drought stress will be useful in developing the most appropriate irrigation 
strategies for each variety and increasing water use efficiency. It may also be useful in cross-
breeding studies to develop new drought-resistant varieties.  
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Introduction 

Malatya province in Turkiye is the global leader in 
dried apricot production and export. Approximately 90-
95% of the apricots grown in Malatya are dried and 
exported. 2022, the province exported 76.4 thousand tons 
of dried apricots, generating $402 million in revenue 
(Hasdemir, 2023). 

The interest in dried apricot cultivation in the Malatya 
region is constantly increasing yearly; more and more areas 
are being planted each year. This situation causes irrigation 
problems, especially in years when summers are dry. In 
recent years, producers have been trying to cultivate with 
little or no irrigation due to limited water resources. 

Drought stress is becoming increasingly important in 
plant cultivation. Plants are affected by drought depending 
on species, age, growth stage and development period, 
drought level and duration, and environmental factors. 
They have developed different morphological, 
physiological and biochemical responses to avoid or 

overcome stress (Ghahremani et al., 2023; Liu et al., 2023). 
Especially, when vegetative development accelerates, 
regular limited water applications to trees are 
recommended. Thus, the efficiency of using of existing 
water resources will increase along with the increase in 
yield (Chalmers et al., 1986; Mitchell et al., 1989).  

Physiological parameters such as chlorophyll, 
carotenoid, total sugar, total starch and abscisic acid 
content play an important role in resistance to drought 
stress. Chlorophyll content is affected by drought stress 
and decreases significantly compared to normal irrigation 
conditions (Aghanejad et al., 2015). In contrast, carotenoid 
levels are increased due to drought and ROS is neutralized 
to reduce cellular damage (Niyogi, 1999; Fang & Xiong, 
2015). Carbohydrate metabolism is also affected under 
drought stress conditions. Concentrations of sugars such as 
fructose and glucose change. This change is effective in 
photosynthetic metabolism. It is stated that sugar 
molecules activate the antioxidant defense mechanism 
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(Keunen et al., 2013). Drought is also a factor affecting 
starch content (Bing et al., 2014). On the other hand, it is 
known that water shortage perceived by the roots is 
transmitted to the stem by abscisic acid (ABA). It has been 
determined that ABA ensures the closure of stomata in 
drought stress and enables it to resist adverse conditions 
(Anjum et al., 2011). 

In this study, it was aimed to determine and compare the 
drought resistance of the most essential dried apricot varieties 
such as Hacihaliloglu, Cataloglu, Hasanbey, Kabaasi and 
Soganci, by examining the physiological changes in their leaves 
that develop as a result of drought stress. 

 
Materials and Methods 

 
Materials  
This study was carried out in Malatya Fruit Research 

Institute between 2001-2002. The research area is located 
at 38º 21´ north latitude and 38º 17´ east longitude, with an 
altitude of 980 m. 

In the study, 2-year-old saplings of Kabaasi, 
Hacihaliloglu, Hasanbey, Cataloglu, Soganci apricot 
varieties grown in the region were planted in 8-liter pots in 
a glass greenhouse. 

The soil mortar was prepared from sand: loamy soil: peat: 
farm fertilizer in the ratio of 1:2:1:0.5 (Hartmann and Kester, 
1974). The mortar sample was found to have a field capacity of 
23.77%, a wilting point of 12.20%, a texture of 54.26% sand, 
23.63% silt and 22.11% clay; a texture class of SCL, a specific 
gravity of 2.63 g/cm3 and a bulk density of 1.12 g/cm3. 

 
Drought Resistance Test  
In drought resistance test, methods defined by Ozbek et 

al. (1976) and Tuzuner (1983) were used to determine the 
amount of water given to the plants. Accordingly, four 
different irrigation programs were applied to the plants, 
100%, 75%, 50% and 25% of the available water, 
calculated using the field capacity (usable moisture 
capacity) and wilting point values of the mortar mixture. 
At the beginning of the tests, the irrigation level given to 
the plants was cut off, and the determined irrigation 
program was applied. 

This test, which aims to determine the resistance levels 
of saplings to drought conditions created by reducing the 
amount of usable water at specific rates, started on June 12 
in 2001 and June 20 in 2002, as the most suitable period 
for drought tests in outdoor conditions. Irrigation provided 
to the saplings at sufficient levels and evenly until these 
dates, was cut off and the usable water in the plant root 
zone was expected to decrease to 75%, 50% and 25%. In 
100% applications, sufficient irrigation was continued. 
During the trial, saplings were kept at the targeted 
irrigation levels and re-irrigation was performed when 20% 
of each irrigation level was consumed (Gunbatili, 1979). 
For irrigation, the amount of water to be given was 
determined by weighing the pots in the morning, and then 
the missing water was completed to the desired level 
(Steinberg et al., 1990). During the test period, no 
fertilization or pesticide applications were made to ensure 
homogenization. The yellowing and shedding of the first 
few leaves were taken as the beginning of stress 
(Proebsting and Middleton, 1980).  

The trial was organized according to the randomized 
plot design, with three replications for each application and 
three saplings in each replication, based on varieties. 

Chlorophyll And Carotenoid Contents 
Chlorophyll and carotenoid contents were determined 

by taking three leaves that completed their development in 
the middle part of young shoots of each sapling at 15-day 
intervals throughout the experiment. For this purpose, 1 g 
of leaf sample ground in the dark was taken and subjected 
to extraction with 90% acetone. Since chlorophyll can 
quickly decompose in light, it is essential to have a light-
free environment and to cover the laboratory equipment 
used with aluminum foil during the analyses. Then, the 
absorbance values of the samples were read with the help 
of a spectrophotometer (Shimatsu brand, UV-120-01 
model) at 662, 645 and 470 nm wavelengths. According to 
Lichtenthaler and Welburn (1983), chlorophyll-a (KL-a), 
chlorophyll-b (KL-b). Carotenoid contents of the leaves 
were calculated from the following formulas and the results 
were given in g/g fresh weight.  

 
Chlorophyll-a = 11.75 × A662 – 2.35 × A645 
Chlorophyll-b = 18.61 × A645 – 3.96 × A662 
Carotenoid = [1000 (A470)–2.27(Cl-a)–81.4(Cl-b)] / (227 × 1000) 

 
Total Sugar 
Total sugar content of the samples was determined by 

the spectrophotometric method described by Dimler et al. 
(1952), which was developed for dried leaf samples. Based 
on the repetitions of the applications, 20 leaf samples taken 
from previously selected saplings at 15-day intervals were 
dried in the oven at 60℃ for 48 hours and then ground in a 
mortar to make powder. 0.1 g of this sample was extracted 
with 25 ml of 80% ethyl alcohol. Absorbance values were 
created at 620 nm wavelength and evaluated with a 
standard curve drawn using pure glucose before the study. 
The results are given in mg/100 g dry weight and presented 
by combining two years of data. 

 
Total Starch 
Starch contents of leaf samples of the applications were 

determined by the spectrophotometric method described 
by Dimler et al. (1952). 0.1 g of the samples prepared for 
total sugar analysis were taken, hydrolyzed with 
concentrated sulfuric acid (5 ml) and diluted with distilled 
water (1:10 v). Absorbance values were made at 620 nm 
wavelength and evaluated with a standard curve drawn 
using pure starch before the study. The results are given in 
mg/100 g dry weight and presented by combining two 
years of data. 

 
Abscisic Acid 
For determining abscisic acid (ABA) content in leaves, 

extraction, purification,and analysis processes were carried 
out according to the method described by Yurekli et al. 
(1974). Depending on the replications formed in the 
irrigation applications in the drought resistance tests, one 
plant was marked in each replication before the study. 
Accordingly, 20 leaf samples that completed their 
development in the middle part of the shoots were used 
between 12.00-13.00 with 15-day intervals. For thin layer 
chromatography, 20x20 cm prepared plates coated with 
silica gel containing an inorganic fluorescent compound 
(Merck) were used. To determine the ABA regions, the 
plates were examined in a dark room under UV light at 254 
nm wavelength. The ABA region belonging to the extract 
gave a purple fluorescence color, which showed a purple 
fluorescence color on the plate and was compared with the 
standard synthetic-ABA region. ABA amounts was made 
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by ABA amounts were determined using 5 different 
concentrations of standard synthetic ABA and a Desaga 
CD60 scanning densitometer. 

 
Statistical Analysis 
In the statistical evaluation of the obtained data, two-way 

variance analysis and LSD test were used to determine the 
differences between the means. Statistical evaluations were 
carried out using the “SPSS 10.0 for Windows” program. 

 
Results and Discussion  

 
Amounts of Water 
Statistically significant differences were determined 

between varieties in terms of the amount of water given. 
For 25% and 50% irrigation rates, the least irrigation water 
was given to Hasanbey, Kabaasi and Cataloglu varieties, 
while the amount of water given to Hacihaliloglu and 
Soganci varieties was higher than the other varieties. 
Among the irrigation rates, the difference in the amounts 
of irrigation water used for 25% and 50% compared to 75% 
and 100% irrigation water rates was found to be 
statistically significant. It is noteworthy that the amount of 
irrigation water applied for each irrigation rate in the 
Hacihaliloglu variety did not show a statistically 
significant difference (Table 1).  

When the varieties were examined in general in the 
trial, plant water consumption was also the least in the 
varieties that observed as having the highest resistance. For 
example, the amounts of water given to the Kabaasi variety 
which showed almost no signs of stress at 25% irrigation 
rate, were found to be significantly lower than the 
Hacihaliloglu variety which showed the most signs of stress. 

This situation suggested that the Kabaasi variety may have a 
higher ability to benefit from the available water. 

In the study of irrigation practices and internal water 
balance, it is recommended to work primarily with young 
trees. It is emphasized that this period is a more critical 
period in drought. Similarly, it has been stated that early 
drought resistance performance affects the future 
performance of the plant stress (Jackson et al., 1986; 
Proebsting et al., 1977). 

 
Chlorophyll Contents 
Chlorophyll a content was significantly higher in Kabaasi 

and Hasanbey varieties than in other varieties in both years. 
The lowest chlorophyll values were usually seen in the 
Hacihaliloglu and Cataloglu varieties. The chlorophyll a 
contents of Kabaasi variety were found to be significantly 
higher in 2001 at 25% irrigation rate and in 2002 at 50% 
irrigation rate than in all other varieties. In addition, an 
increase in chlorophyll a content was observed in both years 
parallel to the increase in irrigation rate and this was especially 
evident at 75% and 100% irrigation rates (Table 2). 

Generally, Kabaasi and Hasanbey varieties, which were 
observed to be least affected by stress, were analyzed to 
contain more chlorophyll-a than other varieties. This 
situation was primarily mainly determined for Kabaasi 
variety at 25% and 50% irrigation rates, where they were 
most stressed. Chlorophyll b content, similar to chlorophyll 
a values, was found to be higher in Kabaasi and Hasanbey 
varieties than in other varieties in both years. This 
difference was more pronounced and statistically 
significant, especially in 2002. An increase in chlorophyll-
b content was also observed with the increasing-rise in 
irrigation rate, which was especially evident in 2002 at 
75% and 100% irrigation rates (Table 3). 

 
Table 1. Effect of different irrigation levels on the amount of water (kg) replaced in the saplings of different apricot 

varieties. When 20% of each irrigation level was consumed, the lost water was completed to the desired level. 

Variety Irrigation rate (%) Mean 25 50 75 100 
Hacihaliloglu 13.26 cd 13.17 d 13.28 cd 13.25 cd 13.24 a 
Cataloglu 12.68 f 12.78 e 13.53 ab 13.29 cd 13.07 b 
Hasanbey 12.50 g 12.66 f 13.36 bcd 13.31 cd 12.96 c 
Kabaasi 12.74 f 12.93 e 13.21 d 13.06 d 12.99 bc 
Soganci 13.11 d 13.07 d 13.43 bc 13.63 a 13.31 a 
Mean 12.86 b 12.92 b 13.36 a 13.31 a  

LSD%5    variety: 0.091**,  irrigation rate: 0.081**,  variety*irrigation rate: 0.181**        
 
Table 2. Effect of different irrigation levels on chlorophyll-a content (µg/g fresh weight) in the leaves of different apricot varieties 

Year Variety Irrigation rate (%) Mean 25 50 75 100 

2001 

Hacihaliloglu 1.109 c 1.094 c 1.229 ac 1.123 c 1.139 b 
Cataloglu 1.087 c 1.189 c 1.147 c 1.164 bc 1.147 b 
Hasanbey 1.120 c 1.269 ac 1.395 a 1.363 a 1.287 a 
Kabaasi 1.389 a 1.379 a 1.242 ac 1.331 ab 1.336 a 
Soganci 1.073 c 1.140 c 1.254 ac 1.245 abc 1.177 b 
Mean 1.156 b 1.214 ab 1.254 a 1.246 a  

2002 

Hacihaliloglu 1.523 e 1.957 cd 2.081 bc 2.317 ab 1.969 c 
Cataloglu 1.768 de 1.711 d 2.159 b 2.427 a 2.016 c 
Hasanbey 1.979 cd 1.881 cd 2.520 a 2.417 a 2.199 b 
Kabaasi 2.015 cd 2.426 a 2.558 a 2.482 a 2.375 a 
Soganci 1.819 d 1.824 d 1.836 cd 2.113 b 1.894 c 
Mean 1.821 d 1.960 c 2.231 b 2.352 a  

Year 2001: LSD%5 variety: 0.091**, irrigation rate: 0.081**, variety*irrigation rate: 0.182**; Year 2002: LSD%5 variety: 0.124**, irrigation rate: 
0.111**,  variety*irrigation rate: 0.248**   
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Table 3. Effect of different irrigation levels on chlorophyll-b content (µg/g fresh weight) in the leaves of different apricot varieties 

Year Variety Irrigation rate (%) Mean 25 50 75 100 

2001 

Hacihaliloglu 1.839 1.880 2.090 1.906 1.929 b 
Cataloglu 1.777 1.856 2.766 2.000 2.100 ab 
Hasanbey 2.236 2.017 2.271 2.138 2.166 ab 
Kabaasi 2.316 2.177 2.229 3.196 2.480 a 
Soganci 2.041 1.749 1.914 1.914 1.905 b 
Mean 2.042 1.936 2.254 2.231  

2002 

Hacihaliloglu 1.543 d 1.842 cd 2.508 a 2.166 bc 2.015 b 
Cataloglu 1.641 d 1.698 d 1.892 cd 2.088 bc 1.830 bc 
Hasanbey 2.064 bc 1.936 cd 2.659 a 2.509 a 2.292 a 
Kabaasi 1.905 cd 2.326 a 2.470 a 2.451 ab 2.288 a 
Soganci 1.617 d 1.653 d 1.858 cd 2.083 bc 1.802 c 
Mean 1.754 b 1.891 b 2.278 a 2.260 a  

Year 2001: LSD%5 variety: 0.560**,  irrigation rate: ns,  variety*irrigation rate: ns ; Year 2002: LSD%5 variety: 0.198**,  irrigation rate: 0.178**,  
variety*irrigation rate: 0.397** 
 
Table 4. Effect of different irrigation levels on carotenoid content (µg/g fresh weight) in the leaves of different apricot varieties 

Year Variety Irrigation rate (%) Mean 25 50 75 100 

2001 

Hacihaliloglu 0.920 1.186 0.842 0.939 0.972 ab 
Cataloglu 0.901 1.004 0.618 0.950 0.868 b 
Hasanbey 0.976 1.180 1.029 1.006 1.048 a 
Kabaasi 1.052 1.113 0.919 0.781 0.966 ab 
Soganci 1.069 0.925 0.974 0.919 0.972 ab 
Mean 0.984 ab 1.081 a 0.877 b 0.919 ab  

2002 

Hacihaliloglu 1.171 d 1.236 cd 1.232 cd 1.553 ab 1.291 b 
Cataloglu 1.177 d 1.323 cd 1.254 cd 1.454 bc 1.302 b 
Hasanbey 1.219 d 1.282 cd 1.548 ab 1.498 bc 1.387 b 
Kabaasi 1.490 bc 1.630 ab 1.742 a 1.761 a 1.656 a 
Soganci 1.392 cd 1.291 c 1.416 bc 1.018 e 1.279 b 
Mean 1.284 c 1.352 bc 1.439 ab 1.457 a  

Year 2001: LSD%5 variety: 0.178**,  irrigation rate: 0.196*,  variety*irrigation rate: ns; Year 2002: LSD%5 variety: 0.111**,  irrigation rate: 0.099**,  
variety*irrigation rate: 0.221**    

 
Various studies have shown that the chlorophyll 

content in plants decreases as a result of its breakdown due 
to stress caused by water limitation (Marler et al., 1994; 
Eris et al., 1998; Kumar et al., 2023). Studies on cherry 
(Kırnak and Demirtas, 2002), plum (Kaynas and Kaynas, 
1999; Laita et al., 2024) and apricot (Ali and Nazar, 2023) 
have also reported that leaf chlorophyll content varies 
depending on the amount of water given to the plant. 
Consistent with these findings, it was determined that there 
was a decrease in leaf chlorophyll-a and chlorophyll-b 
contents at low irrigation rates in apricots in our study. 

Plants with low chlorophyll reduction rates have been 
reported to be more tolerant to drought stress (Arunyanark 
et al., 2008; Talebi, 2011; Nofrizal, 2022). Similarly, in our 
study, the change in chlorophyll content was at the lowest 
rate in Kabaasi and Hasanbey varieties, which are thought 
to be most resistant to drought stress. The decrease in 
chlorophyll content under drought conditions may reflect 
the decrease in photosynthetic capacity and thus the 
weakening of drought resistance of plants. On the other 
hand, studies indicate that there is no relationship between 
the change in chlorophyll content and drought resistance 
(Buxton et al., 1985; Tsiupka et al., 2023). 

 
Carotenoid Contents 
In 2001, the values in the Hasanbey variety were found 

to be significantly higher than the Cataloglu variety in 
terms of carotenoid content (Table 4).  

In 2002, the carotenoid content of the Kabaasi variety 
was detected to be statistically significantly higher than the 
other varieties. An increase in carotenoid content was also 
observed due to increased irrigation rates. However, the 
highest values for each irrigation rate were measured in the 
Kabaasi variety (Table 4). 

Carotenoids are terpenoid pigments synthesized via the 
isoprenoid pathway and play a critical role in reducing 
oxidative stress. Drought stress negatively affects cellular 
functions by reducing water potential in plants. Under drought 
stress, ROS production increases in plants and these 
molecules can damage cellular components. Carotenoids 
reduce cellular damage by neutralizing ROS and increase the 
resistance of plants to drought stress (Niyogi, 1999; Fang and 
Xiong, 2015). Stonefruit species have high carotenoid 
content. These fruits increase carotenoid levels when exposed 
to drought stress, keep ROS accumulation under control and 
protect the integrity of cell membranes. In this process, plant 
growth regulators (e.g., abscisic acid) also support the drought 
response by regulating carotenoid metabolism (Qin and 
Zeevaart, 1999; McQuinn and Waters, 2024). In our study, 
supporting these findings, carotenoid contents were generally 
found to be high in Kabaasi and Hasanbey varieties, which 
were observed to have high drought tolerance. In particular, 
the highest carotenoid value was measured in Kabaasi variety 
at 25% irrigation rate in the 2nd year, indicating that 
carotenoid content may be critical-essential physiological 
parameter in drought resistance. 
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Table 5. Effect of different irrigation levels on total sugar content (mg/100 g dry weight) in the leaves of different apricot varieties 

Variety Irrigation rate (%) Mean 25 50 75 100 
Hacihaliloglu 4.140 4.083 4.227 3.915 4.091 a 
Cataloglu 3.697 3.710 3.673 3.400 3.620 b 
Hasanbey 3.936 3.918 3.600 3.620 3.768 ab 
Kabaasi 3.672 3.596 3.421 3.476 3.541 b 
Soganci 3.840 3.811 3.627 3.721 3.750 ab 
Mean 3.857 3.824 3.710 3.626  

LSD%5 variety: 0.461**,  irrigation rate: ns,  variety*irrigation rate: ns  
 

Table 6. Effect of different irrigation levels on total starch content (mg/100 g dry weight) in the leaves of different apricot varieties 

Variety Irrigation rate (%) Mean 25 50 75 100 
Hacihaliloglu 2.878 3.446 3.803 3.531 3.415 
Cataloglu 3.600 3.773 3.711 3.777 3.715 
Hasanbey 3.081 3.615 3.573 4.026 3.574 
Kabaasi 3.587 3.905 4.777 4.047 4.079 
Soganci 3.506 3.926 3.822 3.917 3.793 
Mean 3.330 3.733 3.937 3.860  

LSD%5 variety: ns,  irrigation rate: ns,  variety*irrigation rate: ns 
 
Table 7. Effect of different irrigation levels on abscisic acid content (µg/100 g) in the leaves of different apricot varieties 

Year Variety Irrigation rate (%) Mean 25 50 75 100 

2001 

Hacihaliloglu 475.95 254.83 188.65 125.38 261.20 
Cataloglu 363.73 377.71 256.51 291.10 322.26 
Hasanbey 313.45 346.56 296.58 297.91 313.62 
Kabaasi 478.41 297.75 237.95 241.26 313.84 
Soganci 262.43 256.78 163.71 187.50 217.60 
Mean 378.79 a 306.72 ab 228.68 b 228.63 b  

2002 

Hacihaliloglu 421.48 451.30 95.63 69.96 259.59 
Cataloglu 359.43 300.41 183.23 242.32 271.35 
Hasanbey 440.93 207.90 226.50 187.85 265.79 
Kabaasi 407.77 315.41 179.88 199.60 275.66 
Soganci 411.23 249.32 208.03 176.05 261.16 
Mean 408.16 a 304.86 ab 178.65 b 175.15 b  

Year 2001: LSD%5 variety: ns,  irrigation rate: 146.12*,  variety*irrigation rate: ns; Year 2002: LSD%5 variety: ns,  irrigation rate: 175.30*,  
variety*irrigation rate: ns 

 
Total sugar Contents 
The highest total sugar content was found in 

Hacihaliloglu variety, while the lowest total sugar content 
was found in Kabaasi and Cataloglu varieties (Table 5). 
According to irrigation practices, the highest total sugar 
content was found at 25% irrigation rate, indicating that the 
plants were under stress and a decrease in total sugar 
content was observed as the irrigation rate increased. 
However, these differences did not occur at the level of 
statistical significance (Table 5). 

In various studies, consistent with our findings, it has 
been shown that as the amount of irrigation water given to 
the plants decreases, the total amount of sugar in the leaves 
increases (Balasimha et al., 1987; Pomper and Breen, 
1997; Shinozaki and Yamaguchi-Shinozaki, 2007). In 
some studies on apricots, it has been reported that water 
restriction can improve fruit quality by increasing the total 
sugar amount in the fruit without significantly affecting 
tree yield, and the importance of irrigation strategies 
appropriate to varieties has been emphasized (Falchi et al., 
2020). 

 

Total starch Contents 
Although there was no statistically significant 

difference between the varieties, the highest starch content 
was analyzed in the Kabaşı variety and the lowest in the 
Hacihaliloglu variety. The increase in starch content with 
the rise in irrigation rate was evident starting from 50% 
irrigation rate in the varieties. However, these findings 
showed no statistically significant difference (Table 6). 

Plants under drought stress meet their energy needs by 
increasing starch degradation and regulating cellular 
osmotic pressure. Starch degradation can facilitate plant 
adaptation to water stress; however, excessive starch 
degradation can have adverse effects in the long term by 
depleting plant energy reserves (Chaves et al., 2003). Due 
to the alternating change between carbohydrate forms in 
plants with water restriction, the amount of leaf starch has 
a trend opposite to the shift in sugar (Munns and Weir, 
1981; Fuhrt and Lenz, 1989). Similarly, in our study, there 
was a decrease in the starch content of the leaves as the 
irrigation rate decreased; however, this difference was not 
found to be statistically significant.  
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Although it has been reported that starch content 
decreases in response to drought in general, this situation 
does not always occur. The degree of changes in starch 
content depends on the plant species, the duration of 
exposure to stress and environmental factors (Hasan et al., 
2023). Our study found the lowest values in the 
Hacihaliloglu variety, especially at 25% irrigation rate, 
where the plants were under the most stress. 

 
Abscisic acid Contents 
In both years, no statistically significant difference was 

found between the varieties in terms of ABA contents; 
however, in 2001, the lowest ABA contents were observed 
in Hacihaliloglu and Soganci varieties, which generally 
showed the most stress symptoms (Table 7). On the other 
hand, with the increase in irrigation rate, a decrease was 
observed in the ABA content of the varieties in both years. 
It was determined that the ABA amounts at 25% irrigation 
rate were significantly higher than the values at 75% and 
100% irrigation rates. In particular, a significant decrease 
was detected in the ABA content of Hacihaliloglu variety 
starting from 75% irrigation rate (Table 7). 

Stonefruits use a variety of physiological and 
physiological strategies to cope with drought, and ABA is 
central to these processes. Under water stress, ABA levels in 
plants increase, triggering a variety of physiological responses 
such as stomatal closure. In this way, plants reduce water loss 
through transpiration (Zhang et al., 2006). In our previous 
study, we demonstrated that the Kabaasi variety, identified as 
the most drought-resistant, exhibited stomatal closure at 
varying degrees depending on irrigation levels. Microscopic 
analysis revealed that even at a 75% irrigation rate, which was 
a minimal stress, the stomata of the Kabaasi variety were 
partially closed; whereas in the Hacihaliloglu variety, the 
stomata remained largely open under the same irrigation 
conditions (Olmez et al., 2010). ABA also helps plants adapt 
to low water conditions by increasing the expression of 
drought-related genes, such as promoting the synthesis of 
antioxidant enzymes that protect cells from damage caused by 
oxidative stress (Zhang et al., 2009; Cutler et al., 2010; 
Wilkinson and Davies, 2010). Increased ABA levels in plants 
stressed by reduced water supply or under drought conditions 
have been explained in many studies (Hiron and Wright, 
1973; Eriş and Kaynaş, 1995; Jalili et al., 2023). Parallel to 
this information, in our research, ABA values, which were 
relatively high at 25% irrigation rate, showed a significant 
decrease especially starting from 75% irrigation rate. These 
decreases were detected most clearly in Hacihaliloglu variety, 
which was observed to be most affected by water stress. This 
may suggest that ABA mechanism is more activated in 
sensitive varieties under water limitation. 
 
Conclusion 

 
The current study was conducted to determine the 

physiological changes at different irrigation rates in 
essential varieties grown in the Malatya region, where 
apricot production is intensive, and their relationship with 
the drought resistance of the varieties. 

The primary purpose of the irrigation programs is to 
keep the trees at minimum stress in order to get the 
maximum product. Regular limited water applications are 
recommended to the trees, especially during the period 
when vegetative development accelerates. 

In physiological evaluations, chlorophyll values in the 
leaves decreased depending on the water deficit rates. The 
change in chlorophyll content was at the lowest rate in 
Kabaasi and Hasanbey varieties, which are thought to be 
most resistant to water deficit. In Hacihaliloglu, Soganci 
and Cataloglu varieties, chlorophyll contents were lower, 
especially at 25% irrigation. In order to increase the 
resistance to drought stress in fruit trees, monitoring of 
chlorophyll content and implementation of appropriate 
genetic improvement strategies can be recommended. In 
terms of carotenoid content, the highest values were 
determined in Hasanbey and Kabaasi varieties. Many 
studies have confirmed that carotenoids to resist drought 
stress in stone fruits. The antioxidant functions of 
carotenoids and their interactions with plant growth 
regulators these fruits’ survival and productivity capacities 
under drought conditions.  

Total sugar content was the highest in Hacihaliloglu, the 
lowest in Kabaasi and Hasanbey varieties. The highest values 
of total starch content, which is expected to have an inverse 
interaction with total sugar and stress, were determined in 
Kabaasi variety, especially at 25% and 50% irrigation rates, 
and the lowest in Hacihaliloglu variety. It provides crucial-
essential information in understanding the relationship 
between drought resistance and total sugar in stone fruit 
species. These findings confirmed that plants with high 
drought resistance generally have lower sugar content. 

Abscisic acid is critical in regulating drought resistance 
in stone fruit species. ABA is central in controlling water 
use, strengthening stress response mechanisms, and 
increasing plant resistance in water-limited conditions. The 
Hacihaliloglu variety, which was found to be sensitive in 
terms of ABA content, which is expected to increase due 
to stress, had high values under restricted irrigation 
conditions, while it showed the most significant decrease 
at a 75% irrigation rate. 

Consequently, it was concluded that Kabaasi was the most 
drought-resistant variety, followed by Hasanbey, while 
Hacihaliloglu, the most common variety in the region, was the 
most susceptible to drought. Although all varieties exhibited 
signs of stress at 25% irrigation, they generally managed to 
tolerate stress at 50% irrigation. Due to global warming and 
the related drought problem that has increasingly threatened 
our country in recent years; developing new, variety-specific 
irrigation strategies that consider the periods during which 
varieties can endure drought and their minimum irrigation 
water requirements is crucial for enhancing water use 
efficiency. Additionally, understanding the drought resistance 
of these important varieties will offer valuable information for 
cross-breeding programs focused on developing new drought-
resistant candidate varieties. 
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