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Abstract 

This study examines wheat genotypes under combined and single drought and salinity 

stresses, assessing germination and seedling growth traits, as environmental issues like high 

salinity and drought significantly impact plant life. The experiment was carried out to meet 

these goals. To identify the most and least tolerant genotypes, 16 genotypes were tested. 

Water potentials of 0. -0.5, -1.0, -1.5, and -2.0Mpa were used as treatments to create water 

stress by adding polyethylene glycol (PEG-6000) and sodium chloride together(D+S). After 

15 days of putting seeds in Petri dishes, growth parameters were assessed, including 

germination percentage (%), speed of emergence (%), seedling vigour index, shoot length 

(cm), and fresh and dried weight of shoot, root, and whole seedling (g). Results showed that 

all genotypes demonstrated a decrease in germination and biomass with an increase in stress-

induced water stress, where germination (%) and biomass are inversely correlated with 

combined stress. While the genotypes Babil, Hashimia, Baraka, Buhooth 158, Tamooz 3, and 

Uruk did not germinate at -2.0 MPa, Latyfia showed better germination (76.66%), higher 

speed of emergence (81.93%), seedling vigor index (5.70), seedling length (7.50 cm), root 

and seedling fresh weight (0.0450 and 0.0650 g) and root and seedling dry weight (0.0312 

and 0.0411 g). Iba99 exhibited the lowest values in the majority of traits at -2.0 MPa. In 

conclusion, each genotype behaved differently in response to salinity, drought, or levels of 

combined stresses during germination. The genotype Latifya performed better in the study 

compared to the other genotypes because it was better able to endure the effects of these 

stresses. Consequently, it can be utilized as breeding stock to increase the wheat crop's 

tolerance to salinity and drought. The study's findings increase knowledge of how plants react 

to challenges like salt, drought, and both in combination. 

Keywords: Combined stress(D+S), Germination traits, Seedling growth traits. 

 

1. Introduction 

     Climate change, environmental constraints, especially drought, excessive soil salinity, 

temperature changes, and UV radiation are becoming more and more prevalent and are now 

the most important factors that significantly lower crop productivity. This presents a 
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significant challenge to the development and production of plants (1). Both stresses, drought 

and salinity, have the potential to influence morphological, physiological, molecular, 

biochemical, and metabolic processes through a variety of mechanisms, ultimately impacting 

plant growth, development, and production. The reactions of plants to these stresses are 

extremely complicated and influenced by a variety of other variables, including the species, 

genotype, age, size, and pace of development of the plant, in addition to the intensity and 

duration of the stresses. According to (2) and (3), these variables have a significant impact on 

plant response and control whether adaptation-related mitigation activities take place. 

A series of biological and biochemical events are triggered by the seedling's germination, 

which is a physiological process that begins and develops the seedling (4). Rapid water 

absorption by seeds during the early stages of germination, known as imbibition, causes the 

seed coat to stretch and become flexible at the right temperatures. This internal activation 

triggers the seed to start breathing (5). Finally, the cracked seed coatings enable the 

development of radicles and plumula. Water participates in the subsequent germination 

metabolic stages (6), which include the restoration of vital activities like enzyme activation, 

transcription, translation, and DNA repair, followed by cell elongation and division (7, 8). 

According to (9), wheat is particularly susceptible to drought during the germination and 

early seedling phases, which lowers the germination percentage (10).  

Germination, emergence, and early seedling growth are the three primary stages of wheat 

crop establishment that are most sensitive to salinity; for example, (11) reported that 

germination and seedling growth are crucial stages in a plant's life cycle. For crop plants to 

grow from seeds to seedlings, there must be a crucial precursor phase. Low moisture 

availability during seed germination of wheat crops is a problem in semiarid regions of the 

world (12). Excessive soil salinity can significantly inhibit seed germination and seedling 

growth due to the combined effects of high osmotic potential and specific ion toxicity (13), 

but mean germination time increased with lowering osmotic levels (14). Salinity is a 

significant impediment in Iraq's central and southern areas. In the seedling phase, combined 

stresses are more lethal than any type of single stress; according to several studies (15) and 

(16), seed germination and seedling establishment phases are susceptible to all types of 

stresses under either single or combined conditions. According to the results of a variance 

analysis, increasing salinity levels resulted in a decrease in fresh weight, dry weight, plant 

area, and plant height (17). The goal of the current study was to test the seed viability of 

selected wheat genotypes in combined salt and drought stress conditions and determine the 

most tolerant and sensitive genotypes at the germination stage and early seedling growth. 

  

2.  Materials and Methods 

2.1. Plant Material 

Seeds of 16 genotypes of wheat were acquired from the Ministry of Agriculture/Directorate 

of Seed Examination and Certification–Iraq. The selected seeds carry official certificates, and 

they have adapted to the environmental conditions of Iraq for many years. They have been 

cultivated in both the central and southern parts of Iraq. The ability of these genotypes to 

tolerate combined drought and stress has not yet been tested. Therefore, the study utilized the 

maximum amount of germplasm to identify new sources of stress tolerance. 

2.2. Sterilization 

Seeds were prepared to obtain uniform growth. Surface sterilization of seeds was done by 

washing with 70% ethanol (v/v) for one minute, followed with sodium hypochlorite 3% (v/v) 

for five minutes, and washed twice with sterile distilled water (18). We thoroughly cleaned 
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and sterilized the petri dishes in an oven at 70°C for 36 hours, and we sterilized the Whatman 

filter paper for 24 hours at the same temperature (19). 

2.3. Experimental Design and Treatments 

The experiment was a combination of 16 wheat genotypes and osmotic levels (combined 

NaCl and PEG) with five levels (0, -0.5, -1.0, -1.5, -2.0 MPa). The experiment was a factorial 

in completely randomized block design (RCBD). We replicated the experiment thrice, using 

50 seeds per replicate for each treatment. Polyethylene glycol, with a molecular weight of 

6000 (PEG-6000), induced drought stress. We prepared four levels, each with a different 

osmotic potential of -0.5, -1.0, -1.5, and -2.0 MPa, following the instructions from (20). 

Ψs = - (1.18x10
−2

) C- (1.18 x10
-4

) C
2
 + (2.67x10

-4
) CT + (8.39X 10

-7
) C

2
T   Where: 

Ψs = osmotic potential (MPa) 

 C= osmotic agent concentration (grams of PEG 6000/liter of water) 

 T= temperature (
o
C). 

Salt stress, with the same osmotic potentials (from -0.5 to -2.0 MPa), was modulated using 

NaCl, according to (15), in order to get the optimal concentration. Distilled water was used as 

a control (Table 1). 

 

Table 1. Amount of sodium chloride and polyethylene glygol in different levels of water deficit. 

Ψo  the level of Mpa NaCl(g/l distilled water) PEG(g/l distilled water) 

0 0 0 

-0.5 5.844 45 

-1.0 11.718 61 

-1.5 17.735 73 

-2.0 23.647 84 

 

2.4. Growing Conditions 

The screening of stress-tolerant wheat genotypes based on seed germination and seedling 

growth tests was carried out. We allowed 25 uniformly sized seeds from each of the 16 

genotypes to germinate in 10 mm Petri dishes on filter paper, moistened with 10 ml of 

appropriate stress levels (combined NaCl and PEG-6000) and distilled water for the 

respective experimental and control treatments, respectively (21). The Petri dishes were 

labeled and were covered in order to prevent moisture loss by evaporation. The seeds were 

checked for germination every day, and the germination was continued until the 15
th

 day. A 

seed is considered to have germinated when its radicle emerges to a length of 1-2 mm (9). 

2.5. Sampling and Measurement 

The number of germinated seeds was counted 15 days after sowing in each petri dish of the 

testing treatment, and the mean was expressed in percentage. The germination percentage is 

calculated using the following equation (22):  

Germination Percentage (%)= (number of germinated seeds (n)/ total number of seeds 

(N))*100    

The following formula was used for calculating the speed of emergence (23):  

Speed of Emergence = ((number of seedlings emerged 5 days after sowing / number of 

seedlings emerged 15 days after sowing) × 100) 

The Seedling Vigour Index was calculated by multiplying the totality of seedling dry matter 

(shoot and root dry matter) with germination percentage as below (24): 

Seedling Vigour index = Germination (%) * Seedling dry matter (g).  

After 15 days of putting seeds in the Petri dishes, the length of shoot was measured (the 

distances from crown to leaf tip) in each of the seedlings by a ruler, and the mean value was 

expressed in centimeters (cm). Fresh weight of shoot, root, and whole seedling were weighed 
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immediately using a sensitive balance to obtain their wet weights from each Petri dish, and 

the average was recorded. These seedling parts were dried at 70°C for 48 h in an oven (to a 

constant weight), then they were cooled in a dry environment; after that, dry weights of shoot 

and root were measured in grams by using a sensitive balance, and the average was recorded 

(25, 26). The temperature was 25°C, and the moisture content was approximately 60–70%. 

2.6. Statistical Analysis 

The data obtained from the laboratory experiment were subjected to ANOVA using the 

Statistical Analysis System (SAS) program (27) according to the Randomized Completely 

Block Design (RCBD) with three replicates, and the Least Significant Difference (LSD) test 

was applied at 0.05 and 0.01 probability levels to compare the differences among treatment 

means. 

 

3.  Results  

3.1. Germination traits 

The performance of various germination parameters of wheat genotypes under drought and 

salt stress is representative of the stress tolerance of wheat genotypes at germination and 

seedling stages. The results in Table (1) show that there are big differences (P ≤ 0.01) 

between the stress potentials of 0 to -2.0 MPa for all the traits that were studied when salt and 

PEG stress are added together. In this study, we observed a gradual decrease in the 

germination percentage of wheat, with a wide degree of variation from 90.04 to 20.18%, and 

a decrease in osmotic potentials starting with 0 to -2.0 MPa stress levels. We observed a 

marked decrease in the germination percent at the -1.0 and -1.5 MPa stress levels compared 

to the control treatment, which was 50.55 and 37.87%, respectively. We noted the lowest 

percent (20.18%) at the -2.0 MPa stress level (Table 2). 

We verified that the emergence speed markedly decreased at the -1.0 and -1.5 MPa stress 

levels compared to the control treatment, with emergence speeds of 45.30% and 36.91%, 

respectively. Overall, emergence speed was lowest (24.95%) in the presence of the lowest 

osmotic potential (-2.0 MPa). The control treatment (0 MPa) recorded the highest emergence 

speed values (71.16%) (Table 1). There were significant differences (P ≤ 0.01) between 

control and stress treatments, except for the osmotic potential of −0.5 MPa for the seedling 

vigor index.  Compared with the control, the -1.0, -1.5, and -2.0 MPa treatments decreased 

the seedling vigor index by 57.31%, 77.57%, and 88.60%, respectively. The control (0 MPa) 

recorded a high seedling vigor index of 6.02, while the treatment -2.0 MPa recorded a low 

seedling vigor index of 0.686 (Table 2). 

 

Table 2. Germination traits   recorded after 15days of exposed to combined. 

Stress(Mpa) 
Germination traits 

Germination (%) Speed of emergence (%) Seedling vigor index 

0 90.04 71.16 6.02 

- 0. 5 83.08 63.81 4.80 

- 1.0 50.55 45.30 2.57 

- 1.5 37.85 36.91 1.35 

- 2.o 20.18 24.95 0.686 

LSD 6.08 ** 6.08 ** 2.10 ** 

** (P≤0.01) 

 

Among the 16 genotypes, Latyfia and Fatah resulted in better germination (79.00 and 

72.67%) with significant performances than other genotypes. The genotypes Babil and 

Tamooz3 were more affected and exhibited the lowest germination percentages of 28.00 and 
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30.66%. On the basis of germination results, it can be divided into three categories: high 

germination, medium germination, and low germination (Table 3). 

Results from this study showed significant differences among diverse wheat genotypes. The 

Fatah and Latyfia genotypes exhibited the most speed of emergence (64.26% and 71.07%), 

and the lowest speed of emergence was ranged between 25.84% and 37.34% for the 

Tamooz3, Babil, Uruk, Buhooth158, and Hashimia genotypes, whereas around 42.9% and 

59.85% for the rest of the genotypes (Table 2). Seedling vigor index significantly differed 

among the genotypes and exhibited variation from 1.61 to 5.19. The Latyfia genotype of 5.19 

exhibited a high vigor index. Other genotypes exhibited seedling vigor index ranges between 

2.20 and 3.96. Whereas the lowest seedling vigor index of 1.61 and 1.90 was recorded by 

genotypes Babil and Tamooz3 (Table 3). 

 

Table 3. Germination traits of studied wheat genotypes. 

Genotypes 
Germination traits 

Germination (%) Speed of emergence Seedling vigor index 

Babil 28.00 26.33 1.61 

Hashimia 60.00 37.34 3.80 

Iba 99 55.31 48.74 3.17 

Baraka 49.27 42.90 3.08 

Sham 6 62.62 51.24 3.28 

Fatah 72.67 64.26 3.11 

Dijlah 61.31 59.85 3.11 

Furat 55.32 57.60 3.87 

Abu Graib 64.80 59.49 3.75 

Buhooth 22 57.84 49.70 2.20 

Sabah 62.65 58.16 3.96 

Latifya 79.00 71.07 5.19 

Mexipak 62.63 51.30 2.07 

Buhooth 158 46.00 36.33 2.09 

Tamooz 3 30.66 25.84 1.90 

Uruk 53.33 34.56 3.19 

LSD 10.88** 10.84 ** 0.881 ** 

** (P≤0.01) 

 

It was observed that interactive effects of genotypes and stress (combined PEG-induced 

drought stress and salt) significantly (P ≤ 0.01) decreased germination percentage in all of the 

cultivars with stress increment. There were significant differences between genotypes for 

germination percentage. Germination percentage of all cultivars significantly decreased when 

they were subjected to stress of -1.0 MPa and below, but no significant changes were 

observed at the stress of -0.5 MPa. Retardations of germination percentage were clearer in all 

genotypes, especially at -2.0 MPa, with the exceptions of Abu Graib and Latyfia, which gave 

66.67% and 76.66%, respectively, while the genotypes Babil, Hashimia, Baraka, Buhooth 

158, Tamooz 3, and Uruk failed to germinate (Figure 1). 
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Figure 1. Effect of   combined drought and salinity stresses on germination(%) of  16 wheat genotypes, 

LSD=24.34. 

 

Except for Abu Graib (67.00%) and Latyfia (81.93%), which surprisingly showed an increase 

compared to all other treatments, the decrease and delay in speed of emergence increased at -

1.0 MPa and reached their maximum at -2.0 MPa. There was also no speed of emergence for 

genotypes Babil, Hashimia, Baraka, Buhooth 158, Tamooz 3, and Uruk because they did not 

germinate at -2.0 MPa (Figure 2). 

 
Figure 2. Effect combined drought and salinity stresses on speed of emergence, LSD=24.24 

 

The vigor index of seedlings significantly decreased as the osmotic potential decreased to -

1.0 and significantly decreased at -1.5 and -2.0 MPa in most genotypes, except for the 

osmotic potential of -0.5 MPa. This osmotic potential did not significantly differ from the 

control, except for genotype Tamooz3 (2.19), which showed a significant decrease from the 

control (7.08) (Figure 3). The Latyfia genotype showed a high vigor index of 8.5, while 

Tamooz3 showed the lowest at -0.5 MPa. Interestingly, -2.0 Mpa exhibited a seedling vigor 

index of 5.70 and did not differ significantly from the control (6.03). At -2.0 MPa, out of 16 

genotypes, 6 showed no seedling vigor index; as for the rest of the genotypes, they showed 

little vigor index ranging from 0.10 to 1.76 (Figure 3). 
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Figure 3. Effect combined drought and salinity stresses on seedling vigor index of 16 wheat genotypes, 

LSD=4.41 

 

3.2. Seedling Growth Traits 

Water and salt stress play a vital role in seedling growth. The seedling length of the 

genotypes ranged from 1.67 to 6.62 cm. When applying combined drought and salt, 

significant differences (P ≤ 0.01) were shown between control and stress treatments, which 

decreased gradually by 18.58, 42.75, 67.82, and 74.77% with the decrease of the osmotic 

potential to -0.5, -1.0, -1.5, and -2.0 MPa, respectively (Table 4). Other parameters are the 

weights of seedlings, which can evaluate seed vigor and seedling stress tolerance. There were 

significant differences among stress treatments (Table 4). It was observed that shoot, root, 

and whole plant fresh weight were affected considerably due to stress treatments (combined 

PEG and salt solutions) increment, by 45.45, 71.12, 83.33, and 93.33% for shoot fresh 

weight; 36.72, 63.99, 67.56, and 82.00% for root fresh weight; and 39.12, 66.67, 72.62, and 

86.93% for whole plant fresh weight compared to control (Table 4).  

 

Table 4. Growth traits recorded  after 15days of exposed to combined stress 

 

Stress 

(Mpa) 

 

Growth traits 

Seedling 

Length 

(cm) 

Shoot fresh 

weight (g) 

Shoot dry 

weight 

(g) 

Root fresh 

weight 

(g) 

Root dry 

weight 

(g) 

Seedling 

fresh 

weight (g) 

Seedling 

dry weight 

(g) 

0 6.620 0.066 0.0362 0.0561 0.0344 0.1209 0.0697 

-0. 5 5.390 0.036 0.0186 0.0355 0.0202 0.0736 0.0389 

-1.0 3.790 0.019 0.0085 0.0202 0.0132 0.0403 0.0213 

-1.5 2.130 0.011 0.0039 0.0182 0.0080 0.0331 0.0116 

-2.0 1.670 0.0044 0.0022 0.0101 0.0048 0.0158 0.0070 

LSD 0.254** 0.0064 ** 0.0045** 0.0038** 0.0049** 0.0068** 0.0069** 

** (P≤0.01)  

 

The seedling length of the genotypes ranged from 2.68 to 6.16 cm, with significant 

differences (P ≤ 0.01). The Latyfia genotype had the longest seedlings (6.16 cm), followed by 

the Furat genotype (6.06 cm) and the AbuGraib genotype (5.08 cm). The Buhooth22 and 

Tamooz3 genotypes recorded the lowest seedling lengths, measuring 2.68 and 2.75 cm, 

respectively. The lengths of other genotypes ranged between them (Table 5). There were 

significant differences between control and stress treatments for dry weights of seedlings, 

which showed the same decreasing trends for fresh weights of seedlings.  The shoot fresh 

weight of the given data ranged from 0.0165 to 0.0536 g. The shoot fresh weight showed that 

the genotypes Latyfia (0.0490 g) and Sabah (0.0536 g) were the highest, and the genotypes 
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Tamooz3 and Babil showed the lowest values of 0.0165 and 0.0172 g (Table 5). As 

described in Table 4, dry weights of seedlings varied significantly (P ≤ 0.01) between studied 

genotypes. The values ranged from 0.0061 to 0.0311 g for the shoots, 0.0077 to 0.0268 g for 

the roots, and from 0.0158 to 0.0579 g for the entire plant. Also, the genotypes Latyfia and 

Sabah had maximum mean values of dry weight (0.0200 and 0.0311 g) for shoots, (0.0268 

and 0.0246 g) for roots, and (0.0446 and 0.0579 g) for the whole plant. Among all the 

genotypes, Babil and Ipa99 showed the lowest dry weight (0.0061 and 0.0081 g) for shoots, 

and Ipa 99 and Hashimia (0.0077 and 0.0085 g) for roots, and Ipa99 and Tamooz3 (0.0158 

and 0.0187 g) for the whole plant (Table 5). 

 

Table 5. seedling growth traits of studied wheat genotypes. 

 

Genotypes 

Growth traits 

Shoot 

Length 

(cm) 

Shoot 

fresh 

weight (g) 

Shoot dry 

weight 

(g) 

Root 

fresh 

weight 

(g) 

Root dry 

weight 

(g) 

Seedling 

fresh 

weight (g) 

Seedling 

dry weight 

(g) 

  Babil 3.07 0.0172 0.0061 0.0102 0.0150 0.0274 0.0211 

  Hashimia 4.39 0.0269 0.0107 0.0232 0.0085 0.0501 0.0192 

  Iba 99 3.88 0.0211 0.0081 0.0190 0.0077 0.0401 0.0158 

  Baraka 3.36 0.0282 0.0144 0.0263 0.0142 0.0545 0.0286 

  Sham 6 4.08 0.0198 0.0099 0.0350 0.0163 0.0548 0.0253 

  Fatah 3.74 0.0221 0.0108 0.0259 0.0120 0.0480 0.0228 

  Dijlah 4.04 0.0288 0.0175 0.0359 0.0228 0.0647 0.0403 

  Furat 6.06 0.0293 0.0146 0.0333 0.0174 0.0626 0.0320 

  Abu Graib 5.08 0.0349 0.0168 0.0347 0.0173 0.0696 0.0341 

  Buhooth 22 2.68 0.0232 0.0135 0.0280 0.0157 0.0512 0.0292 

  Sabah 4.33 0.0536 0.0311 0.0520 0.0268 0.1056 0.0579 

  Latifya 6.16 0.0490 0.0200 0.0423 0.0246 0.0913 0.0446 

  Mexipak 2.82 0.0215 0.0103 0.0258 0.0168 0.0473 0.0271 

  Buhooth 158 2.88 0.0298 0.0152 0.0247 0.0162 0.0545 0.0314 

  Tamooz 3 2.75 0.0165 0.0097 0.0157 0.0090 0.0322 0.0187 

  Uruk 3.42 0.0238 0.0143 0.0266 0.0174 0.0504 0.0317 

LSD 0.937 ** 0.0064 **   0.0081**   0.0068** 0.0087** 0.012** 0.0124** 

** (P≤0.01)  

 

Interestingly, the lengths of Babil, Sham6, Abu Graib, and Mexipak at -1.0 MPa were longer 

than at control. There was a sharp and significant decrease in the length of all genotypes 

when the osmotic potential was decreased to -1.5 and -2.0 MPa, except for the Fatah 

genotype at -1.5 MPa, which increased significantly to 6.5 cm compared to the control (3.90 

cm), and of Latifya (7.50 cm) at -2.0, which was at par with the control (7.30 cm), whereas 

the genotypes Baraka, Buhooth158, Tamooz3, and Uruk died at -2.0Mpa (Figure 4). The 

genotype Latyfia experienced a higher reduction in shoot fresh weight at -1.5 and -2.0 MPa, 

compared to 0.0070 g at -1.5 MPa. Of 16 genotypes, 5 died at -2.0 MPa (Figure 5). The 

genotypes under study exhibit significant genetic variability. Shoot dry weight dropped 

sharply when the stress level dropped below -0.5 MPa, especially when it dropped below -2.0 

MPa. However, it is interesting that the genotypes of Dijlah, Furat, and Latyfia gave higher 

weights (0.0020, 0.0051, and 0.0099 g) than when the stress level was -1.5 MPa (0.0009, 

0.0033, and 0.0018 g), in that order. Six genotypes were unable to endure and ultimately 

perished (Figure 6). 
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Figure 4. Effect of combined drought and salinity stresses on   seedling length of 16 wheat genotypes, 

LSD=2.09  

 

 
Figure 5. Effect of combined drought and salinity stresses on   shoot fresh weight of 16 wheat genotypes, 

LSD=0.014. 

 

 
Figure 6.  Effect of combined drought and salinity stresses on   shoot dry weight of 16 wheat genotypes, 

LSD=0.018 

 

All genotypes saw a sharp decrease in root fresh weight at -1.5 and -2.0 MPa, with the 

exception of the genotype Fatah (0.0426 g) at -1.5 MPa. However, it's noteworthy that the 

genotype Latyfia experienced an increase to 0.0450 g, surpassing all other stress levels. 

Simultaneously, six genotypes perished (Figure 7). The Latvian genotypes were more 

tolerant.  A strong drop in root growth is seen when the osmotic potential makes roots less 
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able to absorb water, especially when the pressure is -2.0 MPa. However, it is interesting to 

note that the genotype Latyfia produced root dry mass (0.0312 g) that was similar to control 

(0.0385 g). While some genotypes experienced a significant decline in the dry weight of their 

roots, six genotypes struggled to grow and ultimately perished without producing any dry 

weight (Figure 8). 

 
Figure 7. Effect of combined drought and salinity stresses on   root fresh weight of 16 wheat genotypes, 

LSD=0.015. 

 

 
Figure 8. Effect of combined drought and salinity stresses on   root dry weight of 16 wheat genotypes, 

LSD=0.019. 

 

The total seedling weight is the product of dry matter accumulation in the root and shoot, and 

thus it is affected by the pattern of their response to stress. It is noted that the fresh seedling 

weight decreases with increasing stress to -0.5 and -1.0 MPa, except for the genotypes 

Hashimia, Abu Graib, and Mexipak at -0.5 MPa, and Sabah and Mexipak at -1.0 MPa; then 

there was an increase in the weights of most genotypes at -1.5 MPa compared to -1.0 

MPa, followed by a strong decrease in the weights of most genotypes at -2.0 MPa, with the 

exception of the two genotypes Latyfia (0.0650 g) and Abu Graib (0.0782 g), which regained 

some of their weight compared to their weights (0.0162 and 0.0081 g) at -1.5 MPa, while 6 

genotypes died (Figure 9), which appear to be the most sensitive to stress. Increased stress 

caused a substantial decrease in dry weight. The highest reduction was observed in genotypes 

Babil, Hashimia, Baraka, Buhooth158, Tamooz3, and Uruk, which eventually died at the high 

level of 2.0 MPa with no production of dry matter. The outcomes of the current study 

exhibited that Latyfia genotype was tolerant ,since it shows the enhancement of dry matter 

(0.0411g) that very close to the dry matter (0.0410g) at -0.5Mpa (Figure 10), indicating the 

stress adaptation mechanism of this genotype to increase seedling dry weight.          
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Figure 9. Effect of combined drought and salinity stresses on seedling fresh weight of 16 wheat genotypes, 

LSD=0.027. 

 

 
Figure 10. Effect of combined drought and salinity stresses on   seedling dry weight of 16 wheat genotypes, 

LSD=0.0277. 

 

4. Discussion 

4.1. Germination Traits 

Crop plant seed germination is a crucial transitional stage from seeds to seedlings, and high 

seed germination under demanding and favorable environmental conditions aids plant growth 

and increases yield (28). One of the most obvious seed quality and performance tests is the 

germination test, which is always connected to vigor tests, such as the seedling growth test 

(29). With regard to germination traits, there were significant variations (P0.01) between 

stress levels (Table 2), genotypes (Table 3), and their interactions (Figures 1 to 3). The 

tolerance to stress (combined PEG-induced drought stress and NaCl salt) varied significantly 

between genotypes. According to previous studies (9, 30, 31), the highest reduction in seed 

germination and growth features was observed under the -2.0 MPa osmotic potential level 

compared to the control treatment. The seedbed environment and genetic potential of the crop 

plants govern seed germination. As the level of osmotic stress increased, it was discovered 

that the genotypes under study experienced decreased germination. Under the maximum level 

of osmotic stress (-2.0Mpa), germination was entirely prevented in some genotypes. Wheat 

genotypes responded differently to treatments for osmotic stress, as evidenced by significant 

interactions (Figures 1 to 3). As a result, there is a better possibility to choose cultivars that 

are tolerant of drought at the germination stage (32). In the current investigation, the highest 

germination % was found at treatments of 0.0 and -0.5 MPa, while the lowest was found at a 

stress level of -2.0 MPa (Table 2). High viscosity, where oxygen solubility and diffusion 
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were decreased in comparison to the control (free water), may be the cause of this significant 

decline in germination rate (33). The reduced seed germination at higher negative osmotic 

potential (-2.0Mpa) in the current study may be related to lower water imbibitions and 

subsequently reduced enzyme activities necessary for seed germination. Lower imbibitions of 

water were cited by (9) as another significant factor in poor seed germination and the failure 

to meet the seeds' moisture requirements. The genotypes with the highest germination 

percentage at zero potential, -0.5, -1.0, -1.5, and -2.0 MPa were Latifya and AbuGraib. 

Therefore, these genotypes could be grown under decreased osmotic conditions. 

According to the study's findings (Table 2), negative osmotic potential (NaCl and PEG) 

indicated a detrimental impact on germination traits. Generally, the presence of the lowest 

osmotic potential (-2.0MPa) resulted in the lowest germination percentage, speed of 

emergence, and seedling vigour index. Furthermore, under various stress levels, there were 

discernible differences between several wheat genotypes (Figures 1 to 3). The most 

susceptible genotypes were Babil, Hashimia, Buhooth158, Tamooz3, and Uruk at the lowest 

osmotic potential (-2.0 MPa). Vigor decreased gradually as osmotic potential decreased from 

0 to -1.0 MPa before reaching an extreme level at -2.0 MPa. It was found that an osmotic 

potential of -2.0 MPa could affect most types of wheat, especially the Babil, Hashimia, 

Baraka, Buhooth128, Tamooz3, and Uruk types. Surprisingly, Latifya showed the highest 

vigor at -2.0 MPa, which did not differ from 0Mpa. In their investigations, (34) and (35) 

discovered varying levels of sensitivity in wheat genotypes based on seedling growth, and 

they concluded that this trait is crucial for determining a plant's susceptibility to stress in the 

early stages of development, where the seedling vigour index regards the ability to produce 

dry matter and promise for better seedling growth and completion of their life cycle.  

In general, most wheat genotypes were sensitive to the impact of osmotic potential of -2.0 

MPa, and some genotypes their values drastically fall to zero, except for Latifya genotype 

which not affected compared to 0Mpa (fresh water). (35) also discovered different 

susceptibilities in wheat genotypes based on seedling growth, and they hypothesized that 

seedling growth is one of the most crucial traits for screening stress tolerance during early 

growth during osmoconditioning that allows seeds to develop a higher germination potential 

(radical thrusting) or the capacity to remove the seed coat obstruction (36). This could 

potentially explain the enhancement of the Latifya genotype's germination and emergence 

rate in the current study. It's possible that the moisture deficit in the seeds below the critical 

level for germination is the cause of the reduced germination observed in other genotypes 

tested at -1.0 MPa osmotic potential and below. 

4.2. Seedling Growth Traits                                   

NaCl and PEG-induced water deficit had an impact on the outcomes of shoot length. Shoot 

length values were highest at zero potential. The seedling growth was gradually slowed down 

by all other treatments (Table 4). These results are corroborated by (37), who found that the 

length of the seedlings reduced as the stress level increased. By varying the intensity of stress 

conditions, wheat genotypes considerably varied in shoot length (Figure 4). Stress severely 

shortens seedlings, and at the beginning of the ideal range (at 0Mpa), it begins to increase 

dramatically. With increased stress, genotypes' shoot lengths fell in varying degrees. Mexipak 

genotype demonstrated the maximum sensitivity, while Latifya genotype demonstrated the 

best tolerance capacity, and the extent of decline was modest in comparison to the other 15 

genotypes. At -2.0 MPa, some genotypes perished (Figure 4). These results supported what 

(38) found: when plants were exposed to low osmotic stress, the shoot length of Sarsabz and 

Anmol cultivars decreased very little, which showed that they could handle more stress. As a 
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result, seedling traits may be useful as excellent indicators for drought tolerance. The 

majority of genotypes are additionally sensitive to the lowest osmotic potential (-2.0 MPa), 

and several genotypes (Hashimia, Baraka, Buhooth158, Tamooz3, and Uruk) have values that 

sharply decrease to zero. The current study's findings (Figure 5) indicate that stress affected 

the shoot fresh weight, which aligns with the findings of other authors (37, 39) who also 

reported a decrease in shoot fresh weight due to stress. In terms of root fresh weight, there 

was no discernible difference between the control and -0.5 MPa conditions (Figure 7). 

According to (15), the decreased root and shoot development may be linked to the 

unbalanced seedlings' nutrient uptake as well as the harmful effects of the high level of NaCl 

concentration. 

More biomass was produced by the Latifya genotype growing under combined stress 

compared to the others, proving that it is the most tolerant. Additionally, previous research 

indicates that plants can adapt their growth allocation to their roots and shoots in response to 

adverse circumstances such as salinity and water stress (40). The current findings corroborate 

previous research, as the Latifya genotype exhibited higher shoot and root biomass under 

combined stress (Table 4), potentially due to the enhanced water absorption capacity of the 

roots. However, in Babil and Tamooz3, combined stress treatment resulted in a decrease in 

root biomass. Furthermore, the current investigation showed that, under combined stress, in 

particular, the Hashimia.Iba99 and Tamooz.3 genotypes had more severe inhibitory effects 

and showed lower tolerance than the Latifya genotype.  The current findings often indicate 

that the Latifya genotype is more resilient to stress. According to the findings of (26), the 

PI31 soybean exhibits greater resilience to stress, regardless of whether it encounters salt 

stress, drought stress, or both. 

Stress significantly reduced the shoot and root dry weight at the greater stress level (-2.0 

MPa), and Table (4) identified significant differences between wheat genotypes. At a stress 

of -2.0 MPa, the genotypes Latifya and AbuGraib had the highest average dry weights for the 

shoots and roots. Between control and low stress, there were variations in shoot and root dry 

weight that were statistically significant (P ≤ 0.01). The lowest root dry weight was displayed 

by genotype Iba99 at -2.0 MPa (Figure 8). An excellent seedling development and 

germination rate were achieved in all genotypes under study at a water potential of -0.5 

MPa. However, all genotypes displayed a decrease in all examined attributes when the stress 

was increased to -2.0 MPa. When subjected to stress treatments, the genotype Latifya had the 

highest dry weights for the shoots and roots. Due to the compatibility between the 

accumulation of dry matter and the physical measurement of seedling growth, dry weight 

might indicate the development of a seedling (11). Stress-related situations have an impact on 

a significant attribute of wheat seedlings, which results in a decrease in seedling dry weight 

(41). 

After 15 days at the highest stress level (-2.0 MPa), most of the 16 genotypes are unable to 

sustain and continue their growth, including shoot length, shoot fresh and dry weight, root 

fresh and dry weight, and seedling fresh and dry weight (Figures 4 to 10). (42) and (43) 

reported similar findings, indicating that stress significantly reduced the majority of growth 

parameters, including shoot length, root length, shoot fresh weight, and root fresh weight. 

Stress treatment significantly reduces the examined seedling characteristics. The majority of 

the genotypes under investigation were unable to sustain stress levels more than -0.5 MPa 

and continue to develop. In this study, using the same stress treatment, the Latyfia genotype 

exhibited higher means for all the traits compared to the other genotypes. The Iba99, Babil, 

and Tamooz3 genotypes had the lowest means (Table 5). As a result, the Latyfia genotype 
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has a high level of stress tolerance, whereas Iba99, Babul, and Tamooz3 have a low level. 

Similar results were reported by (43), who discovered that the Mahmoudi variety was more 

resistant than the other studied varieties.  

At higher stress levels (-2.0 MPa) and without developed roots, Babul, Hashimia, Buhoot128, 

Tamooz3, and Uruk all perished. Due to this lack of root development, seedling 

establishment would be impossible (44). The water potential in which all genotypes under 

study had successfully germinated seeds and experienced healthy seedling growth was 

typically -0.5 MPa. All genotypes decreased under the severe stress of -2.0 MPa, with the 

exception of Latifya, which had somewhat positive growth in comparison to some other 

stress levels. According to the results, selecting any of these seedling features would produce 

stress-tolerant wheat genotypes. In this context, (38) asserts that selecting for any of these 

seedling traits will result in seedlings that are tolerant to drought. According to (45), 

knowledge of seedling growth, including average germination time, coleoptiles length, root 

length, seedling height, and relative water content (RWC), allows for the selection of 

genotypes that are tolerant to salinity and drought. 

  

 5. Conclusions 

     As expected, there were significant variations in genotypes' ability to withstand the stress 

brought on by PEG and NaCl and each genotype behaved differently. Similar to how, in 

compared to the study's control treatment, seed germination and growth characteristics 

showed the highest reduction under -2.0MPa osmotic potential level. The genotype Latifya 

performed better in the study compared to the other genotypes because it was better able to 

endure the effects of these stresses. Consequently, it can be utilized as breeding stock to 

increase the wheat crop's tolerance to salinity and drought. The highest amount of osmotic 

stress, however, completely prevented the germination of the majority of genotypes. 
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