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ABSTRACT 

Tomato is one of the products with the highest production and consumption in the world, and it is among the sine 

quanon of human nutrition because of its high trade. In terms of plant yield, water deficiency is an important factor. 

In addition, salt stress in plants is an important limiting environmental factor affecting production. During the 

study period, the temperature values of the growing room were kept at 23 / 17 ±2 °C (day/night), 55–60% humidity, 

and under 8000 lux light intensity. In practice, irrigations of 25%, 50%, 75%, 100%, 125%, 150%, 175%, 200%, 

salt 50 mM, salt 100 mM, and salt 150 mM were performed. It was determined that the control plants under drought 

and salt stress gave poor and negative results in terms of plant growth. In our application, it was determined that 

tomato plants under drought, salt, and water stress (excessive water level) had a higher chlorophyll content than 

plants not exposed to drought. It was observed that the potassium ratio (%) of the tomato plant in the green and 

root parts of the tomato plant was higher in the control plants exposed to salt stress. It was determined that the 

potassium ratio (%) in the green and root parts of the tomato plant accumulated more in the control plants at 

irrigation levels of 100%, 125%, and 150%. In the study, it was determined that water and salt stress applications 

affect the growth and development of plants negatively, as seen in plants under stress (salt stress, water deficiency 

and excess). In addition, water plays a vital role for plants in the world. 

Keywords- Tomato, Salt, Stress, Irrigation 

 

ÖZ 

Dünyada sebzelerde üretim ve insanların tüketim açısından domates en çok kullanılan ürünlerde ilk sırada yer 

almaktadır. Ayrıca ticaret konusunda ve insan beslenmesinde ise en önemli sebzelerindendir. Genel olarak abyotik 

stres faktörleri bitkilerde, özellikle tuz stresi, su noksanlığı ve fazlalığı bitki büyümesini olumsuz etkilemektedir. 

Deneme Bahçe bitkileri bitki yetiştirme kontrolü odasında sıcaklık (gündüz/gece) 24 / 18 ±2 oC, ortalama nem % 

60 ve 8000 lüks ışık şiddeti altında yetiştirilmiştir. Denemede farklı stresler (tuz stresi, su noksanlığı ve fazlalığı) 

uygulanmıştır. Uygulamalar; %25, %50, %75, %100, %125, %150, %175, %200, tuz 50 mM, tuz 100 mM ve tuz 

150 mM şeklinde yapılmıştır. Stres altındaki bitkilerde (tuz stresi, su noksanlığı ve fazlalığı) kontrole göre bitki 
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gelişimi açısından daha az gelişim gözlemlenmiştir. Bitkilerde klorofil açısından kurak stres altındaki bitkiler Tuz 

ve su stresi (fazla su düzeyi) göre daha yüksek oranda belirlenmiştir. Domates bitkisinin, potasyum oranı (%) kök 

ve yeşil aksamında tuz stresinde, kontrol ve su fazlalığına göre yüksek değer olarak tespit edilmiştir. Uygulamalar 

arasında ise potasyum içeriğinin kontrol (%100), %125 ve %150 sulama yeşil aksam ve kök kısmında daha yüksek 

oranda elde edilmiştir. Çalışmada stres (tuz stresi, su noksanlığı ve fazlalığı) altında olan bitkilerde görüldüğü gibi 

su ve tuz stres faktörlerinde bitkilerde büyüme ve gelişimi negatif yönde etkilediği belirlenmiştir. Ayrıca su 

dünyada bitkiler için hayati rol oynamaktadır. 

Anahtar Kelimeler- Domates, Tuz, Stres, Sulama 

 

I. INTRODUCTION 

Tomato is one of the products with the highest production and consumption in the world, and it is one of 

the most important consumption sources of human nutrition because of its high trade. In addition to the fresh 

consumption of tomatoes, it is of great importance when it has many uses in the food industry, such as tomato 

paste, ketchup, sauce, tomato juice, tomato pickles, peeled tomatoes, tomato puree, diced tomatoes, sliced 

tomatoes, canned tomatoes, and dried tomatoes [1,2]. According to FAO 2020 data, tomato production ranks third 

after China and India with 186.821.220 tons in a 5.0511.983 ha area in the world and 13.204.010 tons in our 

country [3]. Drought stress is one of the abiotic stresses that negatively affects some of the morphological and 

physiological characteristics of plants. Especially when plants are exposed to drought for a long time, leaf water 

potential and stomatal opening slow down, resulting in decreases in the level of photosynthesis, and it has been 

reported that photosynthetic pigments and thylakoid membranes are damaged due to drought [4-7]. The tomato 

plant gives better results with low to moderate rainfall and monthly average temperatures of 21 to 23°C. Tomato 

plants are not frost tolerant. Long periods of dehydration or excessive watering should be avoided. It has been 

observed that open irrigation increases the water use efficiency in tomatoes, but there is an inconsistent decrease 

in yield. However, not all stages of growth in tomatoes are equally susceptible to soil moisture deficits, and low 

watering will be more beneficial during non-critical stages. The flowering and fruiting stages are very sensitive to 

water deficits [8].  Drought stress is considered one of the most repetitive and limiting environmental conditions 

for plant growth and good yield. Plant hormones under drought work together to achieve resource optimization 

[9]. Many of the high yielding plants are sensitive to salt stress. It is difficult for these plants to survive in salty 

environments. This causes great losses in yield. It is reported that due to the increase in salinity, it is estimated that 

agricultural lands may disappear by 50% in the next 25-30 years, for the continuity of agriculture [10-12].The aim 

of this study is to investigate the effects of different salt concentrations and water stress on tomatoes at the young 

plant stage. 

II. MATERIAL AND METHOD 

This study was carried out in the cultivation and growth room (climate room) of the Department of 

Horticulture, Faculty of Agriculture, Sirnak University. The size of the growing room is around 20m 2. Tomato 

seeds were sown in viols on February 29. It was also planted in pots on March 30, 2020 after 3 leaves. The tomato 

seed used as the material was used as M-19 F1. A total of 3/1 ratio was used in the preparation of Peat + Perlite. 

Concentrations of elements in the nutrient solution of tomato plants used for cultivation in substrate culture (N 

177.2 mg L-1 -P 52.70 mg L-1 - K 240.44 mg L -1 - Mg 53.46 mg L-1 - Ca 120.30 mg L-1 - Fe 3.36 mg L-1 - Mn mg 

L-1 – B 0.45 mg L-1 - Zn 0.50 mg L-1 - Cu 0.10 mg L-1 - Mo 0.05 mg L-1) were used. In practice; different irrigations 

were applied as 25%, 50%, 75%, 100%, 125%, 150%, 175%, 200%, 50 mM, 100 mM and150 mM salt. Plants to 

be exposed to water stress and salt stress were equally irrigated with standard nutrient solution until they reached 

the stage with 3-4 true leaves (Figure 1). 

 
Figure 1. An image from 3 different applications 
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In the experiment, leaf temperature, chlorophyll in leaves and relative leaf water content [13], leaf area is 

measured by CI BIO-Science CI 202 model leaf area and Mineral Element Analysis [14] used according to 

methods. 

A.Statistical analysis 

 

All data presented for different nutrient levels, average of at least four replicates of each treatment. Data 

were numerically obtained using one-way analysis of variance (ANOVA) and tested for treatment with significant 

(P ≤ 0.05) differences using the Tukey test. 

 

B.Recording of climate values 

 

Temperature and humidity values in the experimental growth and cultivation room were recorded every 

day and their averages were calculated (Figure 2). 

 

 
Figure 2.Climatic data of the study area 

 

III. RESULTS AND DISCUSSION 

 

A.Values of chlorophyll (SPAD) amount in leaves 

 
1. 2. Chlorophyll measurements were carried out on the 15th and 30th days of seedling planting. In the 

first measurements, it was determined that the chlorophyll amount in the 75% irrigation application (59.33) had 

the highest average value, while the chlorophyll amount in the 125% irrigation application (51.63) had a lower 

effect compared to the other measurements. In the first measurements, the mean amount of chlorophyll (SPAD) 

was measured at 56.08 in the control group and all doses. These values are 50% irrigation (55.13), 100% irrigation 

(65.63), 125% irrigation (51.63), 150% irrigation (55.73), 175% irrigation (55.66), salt stress 100 (52.33) and salt 

stress 150 mM (55.63) applications were below the average in the amount of chlorophyll (SPAD) doses. In the 

second measurement, it was seen that the 25% irrigation (61.50) dose was numerically higher in the amount of 

chlorophyll (SPAD) compared to the control and other dose applications, while the 200% irrigation (36.57) dose 

was on the chlorophyll (SPAD) amount in the measurements compared to other measurements was found to have 

a lower effect. After the second measurements, depending on the effect of the doses, the average amount of 

chlorophyll (SPAD) was measured at (49.10). These values are 125% irrigation (49.08), 175% irrigation (39.01) 

200% irrigation (36.57), salt stress 50 mM (45.01), salt stress 150 mM (47.50), It has been determined that the 

effects of doses on the amount of chlorophyll (SPAD) were below average and gave similar responses in terms of 

numerical data (Table 1). In our application, it was determined that the chlorophyll content of tomato plants under 

drought, salt, and water stress (excessive water level) and plants exposed to drought. It has been determined that 

there is an increase in the total chlorophyll density in the leaves due to the reduction of the transpiration area in 

order to minimize the amount of water caused by the reduction in the leaf surface. They reported that the decrease 
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in the amount of chlorophyll caused by drought stress applications generally causes damage to the chloroplast 

membrane, and drought stress causes the decrease in chlorophyll a and chlorophyll b content [15-18].  

 
Table 1. Average values of leaf chlorophyll amount 

Different stresses (%) 1 Chlorophyll measurement 2 Chlorophyll measurement 

% 25 irrigation 59.06 a 61.50 a 

% 50 irrigation 55.13 a 57.75 ab 
% 75 irrigation 59.33 a 53.20 ac 

% 100 irrigation 55.63 a  51.95 ac 

% 125 irrigation 51.63 a 49.08 ac 
% 150 irrigation 55.73 a 49.53 ac 

% 175 irrigation 55.66 a 39.01 c 

% 200 irrigation  58.93 a 36.57 c 
Salt stress 50 mM  57.86 a 45.01 bc 

Salt stress 100 mM  52.33 a 49.41 ac 

Salt stress 150 mM  55.63 a 47.50 ac 
Mean 56.08 49.10 

LSD 9.48 14.88 

P 0.6807 0.1172 

*There is no difference between the averages shown with the same letter in the same column. 
* Significant at p≤0.05. ** Significant at p≤0.01 

 

B.Determination of values of leaf temperature measurement (oC) 

Average values of temperature measurements of tomato plant applications used in the experiment and 

multiple comparisons are given in Table 2. In the leaf temperature measurements, 50% irrigation (18.10 oC) had 

the highest average values in temperature measurements, while salt had a lower effect on 150 mM irrigation (16.53 
oC) measurements compared to other measurements. In the leaf temperature measurements, the average of the 

temperature gauges of the control group and all doses was 17.27 oC. These values are: 100% irrigation (17.26 oC), 

150% irrigation (17.06 oC), 175% irrigation (17 oC), 200% irrigation (16.56 oC), Salt 100 mM irrigation (17.26 
oC), Salt 150 mM irrigation (16.53 oC), doses below the average of the temperature meter (Table 2). 

In their study of heat and drought stress separately on three tomato plants (Arvento, LA1994 and 

LA2093), it was found that exposure to a combination of heat and drought stress of tomato plant varieties gave the 

same reactions, and fresh and dry weight, leaf area and relative water yield in three tomato cultivars reported a 

significant decrease in content [19]. 

Table 2.Average values of leaf temperature measurement (oC) 

Different stresses (%) leaf temperature 

% 25 irrigation 17.73 ab 

% 50 irrigation 18.10 a  
% 75 irrigation 17.83 a  

% 100 irrigation 17.26 c 

% 125 irrigation 17.30 c 
% 150 irrigation 17.06 c 

% 175 irrigation 17.00 c 

% 200 irrigation  16.56 d 

Salt stress 50 mM  17.36 bc 

Salt stress 100 mM 17.26 c 

Salt stress 150 mM  16.53 d 
Mean 17.27 

LSD 0.41 

P <.0001* 

*There is no difference between the averages shown with the same letter in the same column. 

* Significant at p≤0.05. ** Significant at p≤0.01 

 

C.Average and relative leaf water content values (%) for the measurement of plant leaf areas (cm²) 

The highest value in leaf area was 121 cm² at 125% irrigation level, and the lowest value was 58 cm² at 

salt 150 mM (control) irrigation level. When the values of the averages of plant leaf areas are examined, it is stated 

in Table 3 that the differences between the values are significant (p<0.05) in terms of the numerical data (Table 

3). In our drought, salt and water stress (excess water level) applications, it was determined that the leaf area was 

narrow in the measurements on leaf areas, remaining below the average at all irrigation levels in drought and salt 

applications. It has been determined that they have the largest leaf area in all measurements at 100% and 125% 

irrigation levels, and decreases in leaf area occur as water stress (excessive water level) and salt intensity increase. 

In our application, it was calculated that the width of the leaf area is directly proportional to the irrigation level, as 
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in the previous measurements. Steiner et al. [20], in their study, drought stress caused a significant decrease in leaf 

area compared to control plants. Leaf area measurements among the test plants were found to be high in Artvin 

Hopa (80.01 cm2 plant-1) and Kemer (52.44 cm2plant-1) genotypes. Dasgan et al. [21], It has been observed that 

tomato plants exposed to drought, salt, and water stress have relatively less leaf area and a decrease in leaf 

proportional water content compared to control plants. During the experiment, the root weight of the tomato plant; 

The effects of different salt concentrations and water stress on tomatoes were measured by considering the vertical 

distance between the top of the plant and the soil surface. As a result of the calculations of the fresh weight of the 

leaf, the weight of the turgor water ratio, and the dry weight content of the leaf after the harvest, it was concluded 

about the proportional water ratio in the leaf. They stated that there was a positive correlation between the relative 

water content of the leaf and the proportional growth value as a result of the low level of drought stress used in 

tomato genotypes, but there was a negative correlation in terms of lipid peroxidation (MDA), H2O2, phenolic 

content, and proline content [22]. 

After the experiment was completed, the fresh leaf weights of the plant were recorded from each 

application at the harvest time, they were kept in water for 4 hours, taking the turgor weight, and then dried in an 

oven at 65 oC, and the dry weights were recorded by weighing. Average values of leaf dry matter amount (Table 

3) given with statistical calculations. The effect of different applications on the wet and dry weight of the leaf was 

found to be significant. According to these measurement results, the highest relative leaf water content was reached 

at 75% irrigation (91.96%) levels. The lowest relative leaf water content value was determined at a salt 150 mM 

irrigation (76.84%) irrigation level. Leaf proportional water content average was measured as (83.75). These 

values are 25% irrigation (77.53%), 50% irrigation (77.79%), 125% irrigation (83.46), 200% irrigation (84.44%), 

salt 50 mM irrigation (78.08%), salt 150 mM irrigation (76.84%) doses of leaf proportional water content. found 

to be below average. relative leaf water content (%). Avcu et al. [23] the application was made on tomato plants 

with the addition of salt. As a result of the experiment, salt stress decreased the leaf stomatal conductivity and the 

relative leaf water content of the leaves in the plants compared to the control application. Abeer et al. [24], similar 

to our study, reported that 200 mM salt application significantly reduced the relative content of leaves compared 

to control plants. 

Table 3.Average values of plant leaf area (cm²) and relative leaf water content (%) 
 

Different Stresses (%) leaf area index (cm²) relative leaf water content 

% 25 irrigation 72.33 f 77.53 ef 
% 50 irrigation 76 e f 77.79 df 

% 75 irrigation 81 d e 91.96 a 

% 100 irrigation 116.33 a 83.78 cd 
% 125 irrigation 121 a 83.46 ce 

% 150 irrigation 108.33 b 91.36 ab 

% 175 irrigation 91 c 90.59 ab 
% 200 irrigation 82 d 84.44 c 

Salt stress 50 mM 76.33 def 78.06 df 

Salt stress 100 mM 73.33 f 85.45 bc 
Salt stress 150 mM 58 g 76.84 f 

Mean 80.21 83.75 

LSD 5.68 6.12 
P <.0001 <.0001* 

*There is no difference between the averages shown with the same letter in the same column. 

* Significant at p≤0.05. ** Significant at p≤0.01 

 

D.Effect of drought, salt and water stress (excessive water level) on potassium (K) accumulation in 

tomato plants 

The difference between the averages in K studies, which is one of the plant nutrients in the green and root 

parts of the plants, was found to be statistically significant (p<0.05). While this rate was found to be (4.43%) at 

25% irrigation level, where drought and water stress were the most severe in the plant's green parts, this rate was 

determined as (5.66%) at 100% irrigation level. While this rate at 25% irrigation level, where drought and water 

stress are most severe in plant root parts, was determined as (0.77%), this rate was determined as (2.38%) at 100% 

irrigation level (Table 4). According to the results obtained in the study on potassium (K), the highest rate of salt 

mM 150 was found to be (7.51%) in the tomato plant exposed to salt stress in the green parts of the plant. The 

closest ratio to this was determined at (6.71 %) at the salt 100 irrigation (control) irrigation level and remained 

above the average and took place in the same group (Table 4). Ullah et al. [25] reported that water stress, which is 

the most important factor in plant growth, weakens root movement in plants and adversely affects water and 

nutrients taken from the soil. Ali and Rab reported that drought stress reduces K concentrations in tomatoes under 

drought and salinity conditions [26].  



BŞEÜ Fen Bilimleri Dergisi / BSEU Journal of Science, 2024, 11(1): 56-63 

M.Çakan, Y. Akhoundnejad, H.Y. Daşgan, B. Temur, L.Ersoy   

   

 61 

 

In the studies of Ca, one of the plant nutrients in the green and root parts of the plants, the difference 

between the averages was found to be statistically significant (P<0.05). While this rate was (1.04%) at 25% 

irrigation level, where drought and water stress were most severe in plant's green parts, this rate was (2.38) at 

100% irrigation level. While this rate was determined as (0.63%) at 25% irrigation level, where drought and water 

stress were the most severe in plant root parts, this rate was determined as (0.96%) at 100% irrigation level. It has 

been identified (Table 4). While calcium (Ca) was the most abundant in plant green parts (2.38%), this rate was 

found at 100% (control) irrigation level (2.38%) (Table 4). Considering the Ca results in the root parts of the plants, 

the highest rate (0.96%) was reached, while this rate was stated as (0.96%) at 100% (control) irrigation level (Table 

4). In the studies of Günes et al. [27] on chickpea plants, it was reported that N, K, P, and Ca minerals accumulate 

more in the tissues of drought-sensitive plants during drought stress applications and that growth inhibition 

gradually decreases. Aktaş [28], Daşgan et al. [29] in their study, it was stated that plants showed different defense 

and sensitivity levels in K, Ca, and Na ion contents under drought conditions. 

 

Table 4. Average values of potassium (K), calcium (Ca) ratio (%) in green and root parts of tomato plant 

Different stresses (%) Amount of potassium in 

the leaf 

Amount of potassium 

in the root 

Amount of calcium 

in the leaf 

Amount of calcium 

in the root 

% 25 irrigation 4.43 de 0.77 cde 1.04 e 0.63 dg 
% 50 irrigation 3.56 g 0.61 f 0.88 ef 0.55 fg 

% 75 irrigation 3.38 g 0.65 ef 0.74 f 0.51 g 

% 100 irrigation 5.66 c 2.38 a 2.38 a 0.96 a 
% 125 irrigation 4.74 d  1.07 b  2.22 a 0.88 ab 

% 150 irrigation 4.45 de 1.11 b 1.93 b 0.70 cf 

% 175 irrigation 4.13 ef 0.81 cd 1.69 c 0.73 be 
% 200 irrigation  3.60 fg 0.79 cde 1.37 d 0.60 eg 

Salt stress 50 mM  6.32 b 0.74 def 1.35 d 0.74 be 

Salt stress 100 mM 6.71 b 0.89 c 1.39 d 0.76 bd 
Salt stress 150 mM  7.51 a 0.89 c 1.40 d 0.83 ac 

Mean 4.95 0.97 1.49 0.71 

LSD 0.53 0.14 0.16 0.15 
P <.0001 <.0001 <.0001 0.0002 

*There is no difference between the averages shown with the same letter in the same column. 
* Significant at p≤0.05. ** Significant at p≤0.01 

 

IV. CONCLUSION 

Drought stress, salt stress, and water stress (excessive water level) caused a decrease in both the green 

parts and the mineral nutrient contents of potassium and calcium examined in the leaves of the tomato genotype. 

In the root region, it was determined that potassium and calcium increased in the green parts and root region due 

to salt accumulation. Among the stresses applied in general, drought stress, salt stress, and water stress (excess 

water level) are among the most effective stress levels, water stress (excess water level) is 125% irrigation, drought 

stress is 75% irrigation, and salt stress is more positive in 50 mM applications. 
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