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Abstract       Amid climate change the importance of tomatoes amongst 
vegetables and various technologies, drought stress tolerance is a current 
topic for this species. This study evaluated the draught tolerance, of three 
tomatoes ecotypes (Periam 48 - ecotype A, Lovrin 189 - ecotype B and 
Dudestii Vechi - ecotype C) under controlled sub-irrigation. Experiments were 
organized in plant pots with flower, peat and sand soil substrate layers, (2:1:1) 
temperature being maintained at 24/20ºC and photoperiod at 14:10. Plant 
nutrition was supplemented with Cropmax and Agroleaf foliar fertilizers. 
Through differentiated plants watering - the quantity and the interval of 
watering - were established under control drought stress conditions 
(experimental code H): control (H1A / B / C - normal hydration, 1 litre water / 
pot / 2 days); sub-hydration (H2A / B / C - 0.5 l of water / pot / 2 days) and 
drought (H3A / B / C - 0.5 l water / pot / 6 days). In these circumstances, foliar 
parameters evaluated showed different behavior of the three tomatoes 
ecotypes under controlled drought stress. Clusters analysis has facilitated 
experimental variants grouping, based on Euclidean distances statistically 
significant (cophenetic correlation coefficient = 0.857) related to fresh and dry 
mass accumulation parameters. It was recorded the independent positioning 
of H3CF1 variant that reveals the best adaptation of the ecotype 3 (Dudesti 
Vechi 883) to controlled drought stress amid Cropmax fertilization. A second 
cluster included other variants grouped into three sub-clusters, as compared 
to the affinity of the fresh and dry mass physiological parameters values 
generated under controlled water stress.   
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Tomatoes (Solanum lycopersicum L.) are 

popular vegetables of very high interest, cultivated 

worldwide on more than 5 million hectares, with a total 

annual production of approximately 130 million tonnes 

[23].  

As a result of high interest for tomatoes, have been 

developed various methods and practices of 

cultivation, in the conventional or organic/ecological 

systems, in the field or protected area, on artificial 

nutrition environments, on nutrient solutions in the 

hydroponic, aeroponic or nutrient film technique 

systems [9; 3; 12].  

Due to their high ecological plasticity, 

tomatoes are widely grown around the world in very 

different soil and climate, the most important share 

being of field crops [17; 5; 10; 11]. Production and 

quality are greatly influenced by climate change and 

very different technologies which lead in many 

situations to scarcity of water supply, conditions in 

which tomato plants are subjected to variable intensity 

and duration of drought stress [18; 27].  

Under these circumstances, are discussed new 

strategies concerning the water supply of tomatoes 

crops, water availability being a limiting factor in 

different regions [8]. 

It is well known the increased tolerance of some local 

tomatoes ecotypes associated with quantitative and 

qualitative parameters fairly stable; many researches 

aim to identify tomato genetic resources for response to 

water scarcity [25; 18]. 

Many studies have evaluated the tomatoes 

ability to tolerate drought stress, different ecotypes 

being the subject of substantial researches [26; 28; 21, 

24]. Tomatoes relationships with different fertilizers 

were also studied in draught stress conditions [13].  

Some studies evaluated the contribution of some 

nutrients to increase tomatoes tolerance to heat or 

draught stress conditions [22; 7]. 

The present study evaluated three tomatoes 

ecotypes tolerance to draught stress and how the foliar 

fertilization contributed on some vegetative 

parameters, in controlled drought stress conditions. 

 

 



Material and Method 

 
Experiences organization. The experiments 

were organized on pots, in three repetitions. The 

substrate consists of topsoil, peat and sand mixture 

(2:1:1). The temperature was maintained in the range 

of 24/20
0
C and photoperiod at 14:10. 

Biological material. For drought stress 

tolerance study, were used three local tomatoes 

ecotypes; their general characterization is presented in 

Table 1. 

 

 

Table 1 

General characterization of tomatoes ecotypes 

Local population 

Experimental 

variant code Type/Colour Plant height Diameter Weight 

Periam 48 A oblong / red 5.87±0.64 4.37±0.25 64.73±4.36 

Lovrin 189 B red 6.9±0.44 10.5±0.46 425.02±98.41 

Dudestii Vechi 883 C red 5.43±0.55 6.2±0.3 144.47±37.4 

 
Inducing water stress. Controlled drought 

stress conditions (experimental code H) were 

established by differentiated watering of plants, both 

concerning the watering amounts and watering 

intervals, which associated with fertilization have 

generated experimental variants within each ecotype: 

control (H1A/B/C - normal hydration, 1l water/pot/2 

days); sub hydration (H2A/B/C - 0.5 l of water/pot/2 

days) and drought (H3A/B/C - 0.5 l water/pot/6 days). 

Foliar fertilization. Supplemental foliar 

fertilization has been carried out with Cropmax 

(experimental code F1) and Agroleaf (experimental 

code F2). Fertilizers were applied in two treatments, in 

the stages BBCH 1.2 (2nd leaf on main shoot unfolded) 

and 4.1 (development of vegetative plant parts). 

Sampling. To assess the response of ecotypes 

to drought stress based on physiological parameters, 

leaf samples were taken from randomized experimental 

variants in BBCH 5.1 (first flower bud visible) stage.  

Determination of foliar area. The tomato 

plant has compound leaves (TYPE). A compound leaf 

is made up of leaflets which are distributed along the 

leaf rachis. Based on linear leaves/leaflets parameters 

(L, W) and the correction coefficient (b), leaf area was 

calculated according to the relation (1) 

 

     
     (1) 

 

The value of correction coefficient for tomato 

was considered 0.70 [4; 15], an optimized model for 

determining the surface constant of the leaf blade in 

plants being proposed by Sala et al (2015), [20]. 

Determination of fresh and dry mass. Fresh 

mass of the leaves was measured with a Kern MLS 50 

precision balance with an accuracy of ± 0.001. Dry 

matter was determined on all fresh samples, through 

the difference between the wet-weight and dry weight 

mass using Kern MLS 50 moisture analyzer. For these 

measurements were used as fresh mass, parts of the 

leaf taken at random from each experimental variant. 

Statistical data analysis. Analysis of variance 

(ANOVA) was used for the analysis of experimental 

data. Differentiated behaviour of the three tomatoes 

ecotypes in draught stress conditions was highlighted 

by the coefficient of variation (CV) and the 

interdependence of physiological parameters was 

assessed through correlation and regression analysis. 

Variants distribution and grouping compared with 

recorded physiological parameters values in response 

to draught stress conditions, was evaluated based on 

Euclidean distances by Cluster analysis method. 

Results were confirmed by statistical parameters R
2
, p 

and cophenetic correlation coefficient. 

 

Results and Discussions 

 
Tomatoes ecotypes had differentiated 

behaviour in controlled drought stress conditions using 

sub-irrigation.  Plants have used in different way the 

foliar fertilizers, physiological parameters concerning 

the number of shoots, leaf sizes (L, W) fresh and dry 

biomass, showing values according to the 

responsiveness of the ecotypes to the growing 

conditions (Table 2). 

Overall statistical analysis (ANOVA) for 

experimental data revealed the results variance with 

statistical significance given by p and F, parameters 

(Table 3). 

The number of shoots varied from 7 (in the 

ecotype 2) and 13 (in the ecotype 3). The total number 

of shoots varied between 50 and 85 in relation to plants 

genotype and the level of tolerance to drought stress. 

The highest number of shoots was registered in ecotype 

1 (85 shoots) and the lowest in the ecotype 2 (50 

shoots). The coefficient of variation for the number of 

shoots was the lowest in the ecotype 2 (CV = 7.4017) 

and higher values were registered in ecotypes 1 (CV = 

15.7860) and 3 (CV = 31.4189). The recorded values 

show a much higher stability in the ecotype 2 and high 

variability in ecotype 3 (Table 4). 

Leaf sizes (L and W) specific to each ecotype 

showed smaller values in the ecotype 2, and higher in 

ecotypes 1 and 3. In simulated drought stress under 
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control conditions, leaves length showed a higher 

variation in ecotypes 2 (CV = 15.3105) and 1 (CV = 

10.3938) and lower variation in ecotype 3 (CV = 

7.1837). 

Leaf width showed the largest variation in the ecotype 

2 (CV = 22.5506) and low variation in ecotypes 1(CV 

= 6.3177) and 3 (CV = 7.6023) (Table 4).

Table 2 

Results concerning the tomatoes ecotypes behaviour under controlled drought stress conditions 

 Variant 

Total  

shoots 

Fruit  

clusters L W Leaf area 

Fresh 

matter 

(g) 

Fresh 

matter 

Increase 

Dry  

matter  

(g) 

H1A 83 12 5.37 2.26 10.24 0.158 - 0.024 

H2AF1 82 11 5.68 2.35 10.83 0.187 0.029 0.036 

H2AF2 85 12 6.79 2.52 12.98 0.160 0.002 0.041 

H3AF1 76 10 5.66 2.12 10.39 0.143 -0.015 0.034 

H3AF2 73 8 6.57 2.36 12.93 0.112 -0.046 0.035 

H1B 50 7 3.59 1.14 3.07 0.124 - 0.024 

H2BF1 82 7 4.73 1.69 6.61 0.169 0.045 0.037 

H2BF2 80 7 5.57 2.18 9.78 0.205 0.081 0.041 

H3BF1 60 8 4.83 1.88 7.55 0.127 0.003 0.028 

H3BF2 73 8 4.52 1.60 6.66 0.165 0.041 0.033 

H1C 70 9 6.01 2.98 13.44 0.182 - 0.041 

H2CF1 75 13 5.59 2.67 11.26 0.178 -0.004 0.043 

H2CF2 65 11 5.23 2.45 9.40 0.145 -0.037 0.032 

H3CF1 80 13 6.03 2.81 13.66 0.258 0.077 0.055 

H3CF2 78 20 6.29 2.58 13.03 0.186 0.004 0.041 

SE ±2.48 ±0.89 ±0.21 ±0.13 ±0.79 ±0.009 - ±0.002 

 

Table 3 

ANOVA Test 

Source of Variation SS Df MS F P-value F crit 

Between Groups 63558.17 6 10593.03 647.2725 1.78E-76 4.114962 

Within Groups 1603.833 98 16.36564    

Total 65162 104         

Alpha = 0.001 

 

Leaf area was determined based on leaf size 

(L, W) and a correction factor (0.70); a high accuracy 

model for leaf area determination based on leaf 

parameters and constant area (KA) was proposed by 

Sala et al. (2015) [20]. 

The three local ecotypes were characterized by 

different parameters; leaf area values were lower in 

ecotype 2 (LA = 3.07 - 9.78 cm
2
), intermediate values 

in the ecotype 1 (LA = 10.24 - 12.98 cm
2
) and the 

highest values in the ecotype 3 (LA = 9.40 - 13.66 

cm
2
). According to the leaf size differentiation (L and 

W) in the three tomatoes ecotypes, the leaf area 

recorded a corresponding variation. Thus, the largest 

variation was observed in ecotype 2 (CV = 35.9095) 

and the lowest in ecotype 1 (CV = 11.9344) and 

ecotype 3 (14.8694). 

Tomatoes ecotypes revealed significant 

differences between foliar parameters, but leaf fresh 

mass presented a smaller variation both between 

ecotypes and within each ecotype. Within ecotype 1, 

leaf fresh mass ranged between 0.112-0.187 g, in the 

ecotype 2 varied amongst 0.124-0.205 g, and between 

0145-0258 g in the ecotype 3.  

Although within the foliar parameters was 

recorded a high variability, with significantly 

different expression between ecotypes, leaf fresh mass 

variation was more limited (table 4), which reflected 

the ecotype differentiation of metabolic behaviour in 

controlled draught stress conditions. The coefficient of 

variation in ecotype 1 had lower value (CV = 18.0352) 

and a little higher values in ecotypes 2 (CV = 21.2191) 

and 3 (CV = 21.8394) were registered.

 

 



Table 4 

Coefficient of variation for the parameters studied in three tomatoes ecotypes under draught stress 

Ecotype Coefficient of variation 

TS SNr L W LA FM DM 

Periam 48 (A) 6.3528 15.7860 10.3938 6.3177 11.9344 18.0352 18.2495 

Lovrin 189 (B) 19.8185 7.4017 15.3105 22.5506 35.9095 21.2191 20.8724 

Dudestii Vechi 883 (C) 8.2981 31.4189 7.1837 7.6023 14.8694 21.8394 19.4200 

 

Dry matter also presented a variation between 

genotypes and within each genotype, according to 

stress level and foliar fertilizer used. Within genotypes 

1 and 2, dry matter ranged between 0.024 - 0.041 g, 

and within genotype 3 between 0.032-0.055 g. Dry 

matter coefficient variation had low values in genotype 

1 (CV = 18.2495) and higher values, in ecotypes 2 (CV 

= 20.8724) and 3 (CV = 19.4200). 

Vegetative and biochemical parameters are 

recognized and used as the most important 

physiological parameters in saline or drought stress in 

plants evaluation [2]. Tomato tolerance in relation to 

water or drought and heat stresses, based on foliar 

parameters was evaluated in many other studies [16; 

6]. Nahar and Ullah (2012) [14] evaluated drought 

stress tolerance in tomato based on leaf relative water 

content (RWC) and the transpiration rates in different 

tomato cultivars. 

Yuan et al. (2016), [29] reviewed the drought 

stress tolerance of tomato in protected areas 

(greenhouse) based on leaf photosynthetic parameters 

and antioxidant activity of some enzymes. 

Amongst the analyzed parameters were 

identified interdependent relationships and through 

regression analysis was possible to predict the fresh 

and dry mass based on foliar parameters, with 
statistical significance. Leaf area facilitate the more 

reliable prediction, (relation 2: R
2
 = 0.823, p <0.01), 

compared with the leaf length (relation 3: R
2
 = 0.767, p 

<0.01) or the leaf width (relation 4: R2 = 0.769, p 

<0.01). Specific distribution of predicted values for 

fresh mass (FM) based on foliar parameters is shown in 

Figures 1-3. 
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Fig. 1. Specific distribution of predicted values for fresh mass in tomatoes ecotypes based on leaf area studied in 

drought stress conditions 
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Fig. 2. Specific distribution of predicted values for fresh mass in tomatoes ecotypes based on leaf length studied in 

drought stress conditions 

 

 
 

Fig. 3. Specific distribution of predicted values for fresh mass in tomatoes ecotypes based on leaf width studied in 

drought stress conditions 

 

 

Within each ecotype under drought stress 

conditions, foliar fertilizers improved vegetative 

parameters and generated an extra fresh and dry mass, 

nutrients playing a key role in metabolic functions and 

improve the controlled drought stress [19]. 

With regard to productivity and metabolic 

parameters, represented by fresh and dry matter, 

clusters analysis resulted in two clustering groups of 

experimental variants (ecotypes amid saline stress and 

fertilization), (Figure 4) with statistical significance; 

cophenetic coefficient had a 0.857 value. H3CF1 

variant recorded the best results, which reveal the best 

adaptation to controlled drought stress of ecotype 3 

(Dudestii Vechi 883) amid Cropmax fertilization. A 

second cluster included other variants grouped into 

three sub-clusters as compared to the affinity of fresh 

and dry mass physiological parameters values, 

generated under controlled drought stress conditions.
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Fig. 4. Clusters grouping based on Euclidean distances of experimental variants under controlled drought stress 

 

Conclusions 

 
The study showed differentiated behaviour of 

three tomatoes ecotypes under drought stress 

conditions and on the basis of physiological parameters 

revealed in relation to fresh and dry mass collected the 

ecotype Dudestii Vechi 883, as having a high degree of 

adaptation. All physiological foliar parameters used as 

response indicators facilitated emphasize of three 

tomatoes ecotypes adaptability under drought stress 

control. Between leaf area and foliage elements (L and 

W) were identified interdependencies statistically 

significant. Amongst fresh and dry mass and foliar 

parameters were also identified interdependencies, 

regression analysis enabling the prediction of mass 

accumulated, on the base of leaves dimensional 

elements. Clusters analysis facilitated variants 

grouping based on Euclidean distances compared to 

affinity for achieving the physiological parameters 

amid controlled drought stress conditions. 
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