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ABSTRACT. In areas where the supply of water for irrigation is limited, 

tomato production is often subject to drought stress. This study was 

conducted at the Department of Horticulture and Landscape Gardening, 

University of Diyala, Baqubah, Iraq in 2021 wherein 22 genotypes ('S.G', 

'San II', 'M.O', 'Red Pear', 'F.R', 'Marb', 15 F1 hybrids were obtained from 

6×6 half diallel cross and 'Bobcat' control hybrid) were cultivated under 

full irrigation [covering 100% of crop evapotranspiration demands (ETc)] 

and water deficit (50% of ETc) conditions. The results showed that cv. 

1×6 produced the longest plants (119.01 cm) and the least time to 

flowering (10.23 days). Most branches (31.98) were produced by cv. 5×6. 

Both cvs. 1×6 and 5×6 produced the most leaf area (1 991 and 1 977 cm2 

respectively) and most yield per plant (6.75 and 6.84 kg respectively). The 

100% ETc irrigation treatment produced the longest plants (91.21 cm), the 

greatest number of branches (28.12), the most leaf area (1 673 cm2), and 

the highest plant yield (4.61 kg). The 50% ETc irrigation treatment 

produced the least time to flowering (13.7 days). Irrigation level lowering 

to 50% ETc achieved good results for the water use efficiency (WUE) use 

with predicted R2 = 1.00. Therefore, the results of this study recommend 

using the interaction of (both cvs. 1×6 and 5×6 irrigated with the 50% ETc 

treatment) to save water on irrigation and produce a high yield of tomatoes. 

© 2022 Akadeemiline Põllumajanduse Selts. | © 2022 Estonian Academic Agricultural Society. 

 

Introduction 

Water is the most important component of agricultu-

ral output (Du et al., 2015). As a result, lowering water 

usage for agriculture is a top priority in any country's 

development of sustainable agriculture (Lu et al., 

2021). The utilization of contemporary irrigation sys-

tems and plant breeding for water stress resistance are 

currently required to ensure global food security. As a 

result, it is critical to address this main challenge (i.e. 

excessive irrigation) to boost agricultural productivity. 

In this context, increasing crop water use efficiency 

(WUE) and stress tolerance become a challenge to 

fulfilling global food demand while consuming the 

least amount of agricultural water (Liu et al., 2021). 

Plants with higher WUE have lower leaf transpiration 

rates, which leads to higher leaf temperature, which 

results in decreased photosynthetic rates, plant growth, 

and yield (Medrano et al., 2015; Fullana-Pericàs et al., 

2022). As a result, there is a pressing need to assess the 

performance of a large number of crop genotypes in the 

field to identify those that have higher WUE and drought 

tolerance while still producing and preserving acceptable 

commercial fruit quality (Mickelbart et al., 2015). 

Tomatoes (Solanum lycopersicum L.) are one of the 

most widely grown vegetables in the world, with output 

nearly doubling in the previous two decades, from 

1 000 million to 1 900 million tons (FAOSTAT, 2021). 

Although, the tomato crop is widely dispersed and 

suited to a wide variety of conditions (Cuartero, 

Fernández-Muoz, 1999), it is mostly grown in tempe-

rate locations, especially in the Mediterranean basin. 

Tomatoes are a high-water-demanding crop in the open 

field, requiring more than 3 L per plant every day at 

maturity (Wu et al., 2021). Considering the projected 

climate change scenario, it is critical to investigate 

tomato genotypic diversity to identify the most stress-

resistant genotypes, which may then be used to increase 

WUE by reducing fruit output and quality under 

adverse circumstances. Given its global importance and 

status as the model species for fleshy fruit corps, the 

tomato crop is a well-known target for development 
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(Giovannoni, 2006, Klee, Giovannoni, 2011, The Tomato 

Genome Consortium, 2012). Due to millennia of selection 

under Mediterranean summer conditions, most drought-

resistant genotypes in tomatoes have been identified 

among local landraces in the Mediterranean basin (Bota et 

al., 2014; Patanè et al., 2016). Several long shelf-life 

(LSL) landraces exhibit better drought tolerance than 

current genotypes, and several of their adaptation 

processes for increasing WUE have previously been 

documented (Conesa et al., 2020). The LSL phenotype, 

which is characterised by extended fruit post-harvest 

conservation, is found in several West-Mediterranean 

landraces, including the 'de Ramellet' tomato from the 

Balearic Islands (Bota et al., 2014, Conesa et al., 2014), 

the 'de Penjar' tomato from the Eastern Iberian Peninsula 

(Casals et al., 2012), and some Italian (Sacco extended 

review of LSL landraces distribution and traits can be 

found in Conesa et al., 2020). 

In this study, the physiologic and agronomic perfor-

mance of 22 tomato genotypes under well-watered and 

deficit irrigation conditions was assessed. 

 

Materials and Methods 

Plant material 

In this study, 22 tomato genotypes were evaluated at 

the College of Agriculture, University of Diyala, Iraq 

in 2021. Seeds were germinated under greenhouse 

conditions in plastic trays filled with peat-based sub-

strate. To ensure seed germination and avoid the spread 

of fungal and virus diseases, seeds were treated accor-

ding to the procedure described in Hamdi (2022). The 

dataset for air temperature, humidity, and solar radia-

tion for the length of the experiment for which it was 

received from the meteorological station at the Univer-

sity of Diyala is included in Figure 1. 

The genotypes were further evaluated in field condi-

tions on the silty loam soils. The soil was classified as 

silty loam texture. The soil sample was taken from a 

depth of 3–10 cm and physiochemical properties were 

done before planting as shown in Table 1. The soil 

texture was determined according to Day (1965) and 

the soil content elements were measured according to 

(Jackson, 1958; Black, 1965).

 

 
Figure 1. Maximum and minimum daily air temperature (AT), humidity (RH), solar radiation (SLR), wind speed (WS), plus 
evapotranspiration (ET) at Baqubah city. Monthly precipitation data was sourced from an onsite weather station at the University 
of Diyala 

  
Table 1. Some chemical and physical soil properties of the field 
before planting 

Parameters Value Unit 

pH (1:1) 4.07  

Electrical conductivity (1:1) 7.55 dS 

Organic matter 6.90 g kg–1 

CaCO3 260.10 g kg–1 

Available nutrients  N 54.01 mg kg–1 

P 8.04 mg kg–1 

K 81.79 mg kg–1 

Soil separates Sand 301.25 g kg–1 

Silt 493.55 g kg–1 

Clay 205.20 g kg–1 

Bulk density  1.35 mg m3 –1 

Field capacity  25 % 

 

Irrigation treatments 

Two treatments were established, the first was irri-

gation at 100% of daily crop evapotranspiration (ETc) 

(Table 2) and the second, was irrigation at 50% of ETc. 

Weekly reference evapotranspiration was calculated 

according to FAO-56 (Allen et al., 2008) using data 

obtained by two nearby weather stations. ETc was 

obtained as the product of the reference evapotranspi-

ration (ETo) and the crop coefficient (Kc) at each 

growth stage (Allen et al., 2008). Six plants were ran-

domly selected from each plot to determine: plant 

height (cm), number of branches, total leaf area (cm2), 

time to 50 flowering (day), and yield per plant (kg). 

WUE (kg m3 –1) was calculated as total yield (kg ha–1) 

obtained per unit volume of seasonal evapotranspira-

tion (m3 ha–1) (Wang et al., 2007). 
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Table 2. Growth coefficient (Kc) and daily crop evapo-
transpiration (ETc) in mm day–1, crop evapotranspiration 
(ETcd) in mm decade–1. 

Month Decade Stage 
Kc ETc ETcd 

coefficient mm day–1 mm dec–1 

March 

1 

Initial 

0.60 2.17 2.2 

2 0.60 2.46 24.6 

3 0.60 2.67 29.4 

April 

1 

Develop 

0.61 2.90 29.0 

2 0.76 3.87 38.7 

3 0.95 5.65 56.5 

May 

1 

Mid 

1.14 7.75 77.5 

2 1.19 9.10 91.0 

3 1.19 9.97 109.6 

June 

1 Mid 1.19 10.92 109.2 

2 
Late 

1.17 11.57 115.7 

3 1.01 10.24 102.4 

July 1 Late 0.88 9.14 45.7 

 

Statistical analysis 

Data were subjected to analysis of variance using 

SAS JMP 9.1 (SAS Institute, Cary, NC). Means were 

separated with the Tukey-Kramer HSD test to deter-

mine the significant differences between means and the 

confidence level was 0.05. 

Results and Discussion 

Genotypes impact some measured traits of tomato 

Table 3 shows the effect of genotypes and water 

deficit on the growth and yield of tomatoes. The cv. 1×6 

produced the longest plants (119.01 cm) and the least 

time to flowering (10.23 days) while the cv. 'M.O' had 

the shortest plants (68.35 cm) and longest time to 

flowering (19.37 days). The cv. 5×6 produced the grea-

test number of branches (31.88) compared with other 

genotypes. Both cvs.1×6 and 5×6 produced the most 

leaf area (1 991 and 1 977 cm2 respectively) and yield 

plant (6.75 and 6.84 kg respectively) compared with 

other genotypes. The reason for this can be attributed to 

genetic differences between genotypes (Al-Mfargy et 

al., 2015; Abood et al., 2019; Dariva et al., 2021; 

Fayezizadeh et al., 2021; Zhao et al., 2021). Cultivar 

genotype may affect a plant's ability to absorb nutrients 

and/or the efficiency to transport them to the target 

organs, inducing, as a consequence, the plant growth 

positive response to irrigation application (Al-Mfargy, 

2017; Giuliani et al., 2018; Lu et al., 2019; Aldubai et 

al., 2022) 

 

Water deficit impact on some measured traits of 

tomato 

Table 3 shows the 100% ETc irrigation treatment 

produced the longest plants (91.21 cm), the greatest 

number of branches (28.12) most leaf area (1 673 cm2) 

and most plant yield (4.61 kg) compared with other 

irrigation levels. The 50% ETc irrigation treatment 

produced and least time to flowering (13.76 days) 

compared with other irrigation levels. Full irrigation at 

100% ETc provided a consistent supply of water to the 

entire root area of plants thereby water deficit condi-

tions were minimized (Al-Shammari et al., 2018; 

Giuliani et al., 2019). Most morphological, physiologi-

cal and biochemical processes associated with plant 

development might have compromised during water 

deficit and can result in poor photosynthesis, respira-

tion and nutrient metabolism (Wu et al., 2021). This 

reduction in the growth and yield of tomatoes might be 

due to an interruption in the photosynthesis process 

during the water deficit period (Sallume et al., 2020). 

 
Table 3. Effects of genotypes and irrigation levels on the plant 
height, number of branches, total leaf area, time to flowering 
and yield plant of tomato 

Factors Plant 

height, 

cm 

No. 

branches 

per plant 

Total leaf 

area, cm2 

Time to 

flowering, 

day 

Yield 

plant, 

kg 
Genotypes 

'S.G' (1) 97.59D 22.82JK 1 419L 17.80D 3.58GH 

'San II' (2) 73.33P 22.15LM 1 327NO 18.29B 3.18I 

'M.O' (3) 68.35R 20.66O 1 269P 19.37A 2.43J 

'Red Pear' (4) 74.04NO 21.56N 1 414L 18.29B 3.42H 

'F.R' (5) 87.03K 23.73HI 1 471JK 17.89D 3.56GH 

'Marb' (6) 92.24G 24.20GH 1 567I 16.57EF 3.94F 

1×2 76.54M 22.17LM 1 386M 17.81D 3.50GH 

1×3 70.85Q 22.44KL 1 337N 17.89D 3.46H 

1×4 81.76L 23.34H 1 482J 16.45F 5.02C 

1×5 113.77B 25.48EF 1 816D 14.67H 5.43B 

1×6 119.01A 29.15B 1 991A 10.23N 6.75A 

2×3 70.11Q 22.18LM 1 310O 18.14C 3.18I 

2×4 74.47N 22.90JK 1 469JK 16.63E 3.68G 

2×5 89.74I 25.26F 1 568I 14.80H 4.08EF 

2×6 96.38E 28.35C 1 783E 12.89K 4.98C 

3×4 73.72OP 21.56MN 1 454K 18.05C 3.43H 

3×5 91.15H 24.47G 1 610H 13.60I 4.19E 

3×6 93.41F 25.87DE 1 836C 12.69L 4.69D 

4×5 88.59J 23.26IJ 1 709F 13.19J 4.98C 

4×6 91.85G 26.36D 1 935B 12.69L 5.52B 

5×6 107.60C 31.88A 1 977A 11.67M 6.84A 

'Bobcat' 82.34L 22.45KL 1 685G 15.26G 4.11EF 

Irrigation levels ETc 

50 82.78B 20.33B 1 492B 13.76B 3.93B 

100 91.21A 28.12A 1 673A 17.58A 4.61A 

Data in interaction analyzed with Least Squares Means and means 

separated with Tukey post-hoc test. 

Values in groups in columns followed by the different capital letters 

are significant at the level of P <0.05. 

 

Impact of genotypes and water deficit interaction 

on some measured traits of tomato 

Table 4 shows the genotype and irrigation-level 

interaction affected some measured traits of tomatoes. 

The cv. 1×6 irrigated with the 100% ETc treatment 

produced the tallest plants (123.17 cm), and most leaf 

area (2 154 cm2). The same cv. irrigated with the 50% 

ETc treatment produced the least time to flowering 

(8.81 days), compared with other treatments. The cv. 

5×6 irrigated with the 100% ETc treatment produced 

the greatest number of branches (36.28) compared with 

other treatments. Both cvs.1×6 and 5×6 irrigated with 

the 100% ETc treatment produced the most plant yield 

(7.02 and 7.18 kg respectively) compared with other 

treatments. 
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Table 4. Interaction effect of genotypes and irrigation levels on the plant height, number of branches, total leaf area, time to 
flowering and yield plant of tomato 

Factors Plant height, cm No. of branches Total leaf area, cm2 Time to flowering, day Yield plant, kg 

Genotypes Irrigation levels ETc, % 

'S.G' (1) 50 92.79L 18.98TU 1 351VW 15.88N 3.14P–T 

100 102.39G 26.66JK 1 487P 19.72F 4.02IJK 

'San II' (2) 50 69.17X 18.31VW 1 248Y 16.22KL 2.94RST 

100 77.48U 25.99M 1 407RST 20.37B 3.43NOP 

'M.O' (3) 50 63.02Z 16.81X 1 205Z 17.45I 1.86U 

100 73.68V 24.52O 1 334W 21.29A 3.01RST 

'Red Pear' (4) 50 69.69X 17.72W 1 372UV 16.39K 3.00RST 

100 87.39T 25.41MN 1 457Q 20.23BC 3.84KL 

'F.R' (5) 50 82.67Q 19.39ST 1 397STU 15.97MN 3.11QRST 

100 91.39M 28.08GH 1 545MN 19.81EF 4.01IJK 

'Marb' (6) 50 87.80O 19.45ST 1 518NO 14.65PQ 3.68LMN 

100 96.67HI 28.95FG 1 617K 18.49H 4.20IJ 

1×2 50 72.90W 18.33VW 1 276X 15.89N 2.99RST 

100 80.17R 26.01L 1 497OP 19.73F 4.02IJK 

1×3 50 67.21Y 18.60UV 1 263XY 15.97MN 3.18PQR 

100 74.48V 26.28JK 1 412RS 19.81EF 3.74KLM 

1×4 50 78.12TU 19.69S 1 397STU 14.53QR 4.98FG 

100 85.39P 27.99H 1 567LM 18.37H 5.06FG 

1×5 50 109.14E 21.64Q 1 695I 13.75T 5.05FG 

100 118.39B 29.32E 1 938D 15.59O 5.81C 

1×6 50 114.85C 25.31NO 1 829F 8.81Z 6.48B 

100 123.17A 32.99B 2 154A 11.65V 7.02A 

2×3 50 66.38Y 18.34VW 1 194Z 16.21KL 2.84T 

100 73.83V 26.02L 1 427R 20.07CD 3.52MNO 

2×4 50 70.25X 19.04TU 1 384TU 14.31RS 3.16P–S 

100 78.68ST 26.77JK 1 555LM 18.95G 4.20IJ 

2×5 50 84.80P 21.41QR 1 433QR 12.97U 3.90JKL 

100 94.68K 29.11EF 1 704HI 16.63J 4.26HI 

2×6 50 92.23LM 24.99O 1 575L 10.97X 4.97FG 

100 92.23L 31.71C 1 992C 14.81P 5.00FG 

3×4 50 69.02X 17.87W 1 412RS 16.13LM 2.86ST 

100 78.42T 25.62M 1 497OP 19.97DE 4.00IJK 

3×5 50 87.11O 20.62R 1 494OP 11.65V 3.84KL 

100 95.18JK 28.32GH 1 725H 15.52O 4.54H 

3×6 50 89.31N 21.97PQ 1 725H 11.27W 4.15IJ 

100 97.50H 29.78DE 1 947D 14.11S 5.22EF 

4×5 50 84.67P 19.41ST 1 644JK 11.77V 4.97FG 

100 92.50L 27.11IJ 1 774G 14.61PQ 4.99FG 

4×6 50 87.81O 22.52P 1 866E 10.77X 5.50DE 

100 95.88IJ 30.21D 2 003C 14.61PQ 5.54CD 

5×6 50 102.85F 27.49HI 1 889E 9.75Y 6.50B 

100 112.36D 36.28A 2 065B 13.59T 7.18A 

'Bobcat' 50 79.31RS 19.32ST 1 655J 11.57V 3.33OPQ 

100 85.37P 25.58MN 1 714HI 18.96G 4.89G 

Data in interaction analyzed with Least Squares Means and means separated with Tukey post-hoc test. 

Values in groups in columns followed by the different letters are significant at the level of P <0.05. 

 

Effect of the genotypes and irrigation levels on the 

WUE of tomato 

Both genotypes and irrigation amount influenced 

WUE significantly as shown in (Fig. 2). Both 1×6 and 

5×6 irrigated with the 50% level treatment produced the 

highest WUE (33.32 and 33.34 kg m3 –1 respectively) 

and the lowest amount of WUE (7.74 kg m3 –1) was 

obtained in 'M.O' cv. irrigated with the 100% level 

treatment. 

In WUE (Fig. 3), linear regression indicated a strong 

relationship with irrigation level lowering. The WUE 

increased linearly when the 50% irrigation level was 

lowered. The relationships recorded for WUE show a 

predicted R2 = 1.00 and a line regression equation 

(Y = –0.1668*X + 28.54) for both irrigation levels. The 

highest WUE obtained in water-stressed plants could 

be attributed to a lower volume of water provided (50% 

of total water volume) in comparison to control plants, 

as well as a minor yield drop (fully irrigated-unsprayed 

plants). It is generally understood that, in times of water 

scarcity or drought, slowing the rate of water loss saves 

soil water for a longer period, resulting in a better yield 

and, as a result, higher WUE (Abd Allah, 2019; Liu et 

al., 2021; Fullana-Pericàs et al., 2022; Wu et al., 2022).  
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Figure 2. Effect of the genotypes × irrigation levels on water use efficiency of tomato plants yield 

     

 
Figure 3. Effect of the irrigation amount analyzed with linear 
regression on water use efficiency for tomato plants yield. 

Conclusion 

The wide variation in all the genotypes might be due 

to their genetic makeup, which indirectly governs the 

morphology of the plant genetic differences between 

genotypes played a role in alleviating the negative 

impact of water deficit and improved vegetative growth 

and production of tomatoes plus water use efficiency. 

The plant height, number of branches, total leaf area 

and yield per plant in 100% ETc treated plants were the 

highest. 
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