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A B S T R A C T

Soil salinity is a major abiotic stress that severely affects crop production in different regions of the globe. Barley 
is an essential cereal crop and there is a significant genetic variation among barley varieties for tolerance towards 
salt stress. Understanding of salinity tolerance mechanisms assists in developing salt tolerant barley varieties in a 
hydroponics experiment. There were twelve barley varieties and two NaCl stress levels (Control, 100 and 200 
mM) in this study. The nursery of barley was seeded in sand and at two-leaf stage; plants were transplanted into 
hydroponic tubs. The plants were grown under salt stress for 65 days and data regarding several morpho- 
physiological parameters were collected. The statistical analysis of the collected data was implemented by 
using completely randomized design (CRD) with factorial arrangement. Exposure to NaCl stress significantly 
reduced shoot and root growth and relative leaf water contents (RLWC), while increasing Na+ concentration, 
with B-9006 showing the highest root dry weight (0.39 g) and YSM1 recorded the lowest root dry weight (0.10 g) 
under 100 mM NaCl. The maximum (232 ppm) Na+ concentration in leaf sap was observed in variety B-15011 
(70 % from control) and minimum was observed in B-15018. Maximum K+ mM concentration in leaf sap was 
found as 72 % in Aia-03 and minimum was observed as 50 % in B-15035. At stress level of 200 mM, highest shoot 
dry weight (2.52 g) was observed in ZP2 (73 % decreased from control) while minimum shoot dry weight (0.19 
g) (96 % decrease from control) was recorded in Franklin genotype. Maximum root dry weight (0.24 g) was 
observed in B-9006 genotype while minimum root dry weight (0.04 g) was recorded in Gairdner. Maximum K+/ 
Na+ ratio (1.20) was recorded in B-15018 and minimum (0.14) was seen in B-15035. Therefore, based on our 
results, barley genotypes can be classified into salt-tolerant (B-9006, B-15018, Yerong, Aia-03), salt-sensitive 
(Gairdner, Franklin, B-15035, B-05011), and moderately tolerant groups at both 100 and 200 mM NaCl levels.

1. Introduction

Salinity is a major environmental alarm that can affect quality and 
productivity of any crop, almost 20 % of farmland is subjected to saline- 

alkali and salt stress. (El-Ramady et al., 2024), It can cause a decline in 
the cultivated land area (Hassani et al., 2021). Salt stress is a very 
important and common abiotic stress which has affected one third of the 
world’s irrigated land making it unsuitable and unavailable for 
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cultivation purposes (Hualpa-Ramirez et al., 2024). Climate change, 
poor irrigation management, soil erosions and anthropogenic activities 
are some of the leading causes of increased salinization (Eswar et al., 
2021). Salt stress is a severe problem in all the arid and semi-arid Land, 
causing 50 % crop productivity losses (Ali et al., 2023). Plants growth 
processes like seed germination, seedling development and vigor, 
flowering, fruit setting etc. are adversely affected by salinity stress (Irik 
and Bikmaz, 2024). Therefore, salinity not only depresses the quality of 
the crop but also cuts 50 % yield production (Muhammad et al., 2023). 
Plants respond to this stress in different ways i.e. preventing the entry of 
salts (at cellular or the whole plant level), taking extra water from soil, 
reducing the concentration of the salts in the cytoplasm etc. (Nasiri et al., 
2024). There are four main damaging and hazardous effects of salt stress 
on plant growth, which includes less availability of water due to high 
osmotic stress (Mahboob et al., 2023), stimulated by large quantities of 
salts dissolved in soil, specific ion toxicity occurred due to high con-
centrations of sodium, chloride and magnesium ions, nutritional im-
balances such as potassium deficiency and production under salt stress 
(Tabassum et al., 2024). Similarly, physiological processes like photo-
synthesis, lipid metabolism and protein synthesis are also hampered 
(Zahra et al., 2022), which have an adverse effect on development, 
performance and yield of plants under salinity stress. Furthermore, 
accumulation of Na+ in the cytosol due to leaky cell membrane causes 
ion toxicity and cell death (Arif et al., 2020). Under high salinity plants 
activate their internal physiological processes for defense like antioxi-
dant defense system, photosynthetic capacity and also upregulation of 
calvin-cycle (ElSayed et al., 2022) (see Table 1).

Barley is an essential cereal crop and species in the field of envi-
ronmental sciences. It can be grown in various climatic conditions due to 
its short life cycle (Kumar et al., 2022). Barley grain is highly rich in 
vitamins, minerals, fibers and helps in promoting human health (Raj 
et al., 2023). It can be used as food, feed and fodder (Devendar et al., 
2020). Different barley cultivars depict great genetic distinction for 
salinity tolerance and classified as highly salt tolerant (Mwando et al., 
2020). Different salt tolerance studies described that barley shows gly-
cophytic characters (a good potential of excluding Na+ from uptake by 
the roots of salt tolerant genotypes) in comparison with salt sensitive 
genotypes (Hassan et al., 2021). While others reveal halophytic char-
acters (barley special capacity to sequester Na+ in the vacuole) and 
therefore, maintaining high levels of K+/Na+ in the cytosol while 
minimizing damage due to toxicity of Na+ (Ghazaryan et al., 2023). 
Chemical reclamation of salt-affected lands is an expensive practice; 
however, these areas can be exploited by growing salt tolerant plant 
species (Mukhopadhyay et al., 2021). However, significant genetic 
variability for salt-tolerance has been testified among barley germplasm. 
Therefore, existing local and exotic barley germplasm can be screened to 
select and develop favorable salt tolerant varieties of barley to grow on 
salt affected lands with minimal yield reduction.

The objectives of this study are to classify promising exotic and local 
barley varieties based on their salt tolerance and to identify reliable 
indicators for screening salinity stress, establishing the relationship 

between ion concentration and salinity tolerance. This research aims to 
bridge the knowledge gap in barley response towards salinity stress.

2. Materials and methods

2.1. Experimental site, plan and treatments

This reported study was carried out in a hydroponic experiment unit 
at the Department of Soil and Environmental Sciences, Faculty of 
Agriculture and Environmental Sciences, MNS-University of Agricul-
ture, Multan, Pakistan, during the year 2020. The experiment was laid 
out as CRD with factorial arrangement under hydroponic environment. 
There were 12 varieties of barley and 2 salinity levels (Control, 100 and 
200 mM) in this study. Randomization of the five replications of each 
variety was done in all the treatments. Varieties were signified as fol-
lows: (Local) G1 ¼ B-9006, G2 = B-05011, G3 = B-15018, G4 = B- 
15035, (Exotic) G5 = Aia-03, G6 = Franklin, G7 = YSM1, G8 = ZUG 
293, G9 = ZP2, G10 = Dayton, G11 = Gairdner and G12 = Yerong. The 
seeds of barley were obtained from the Ayyub Agriculture Research 
Institute, Faisalabad, Pakistan and University of Tasmania, Hobart, 
Australia. The nursery of barley seeds was sown on 8th October 2020 in 
the iron trays containing thoroughly washed fine river sand. The trays 
were placed on the bench top in the net house and watered regularly till 
transplantation.

2.2. Growth conditions

Nursery of barley plants was grown in the sand culture. The seedlings 
of barley at the two leaf stage were transferred into the holes of the 
thermopore sheets floating on the ½ strength Hoagland’s solution in iron 
tubs lined with the polythene sheets after wrapping in foam (Hoagland 
and Arnon, 1950).

2.3. Setup of hydroponic system and pH adjustment

Seedlings of barley were transplanted into a hydroponic system 
containing half strength Hoagland’s solution by (Hoagland and Arnon, 
1950). Aeration was provided with the help of aeration pumps. Hy-
droponic system was comprised of iron tubs (size: 3 ft × 2 ft × 0.5 ft) of 
100 l capacity (Fig. 1). The tubs were lined from inside with poly-
ethylene sheet. The pH of the Hoagland’s solution was maintained daily 
at 6.5.

2.4. Data collection

Plants were harvested 65 days after exposure to 100 and 200 mM 
NaCl salinity stress and separated into the shoots and roots. The fresh 
weight of roots and shoots were recorded immediately after harvesting. 
To obtain dry weight, plants were dried in drying oven at 65 ◦C for 72 h. 
The roots were washed with isotonic solution after harvesting. The ions 
including Na+ and K+ were determined in 2nd fully expanded leaf from 
the top. Plants from each pot were harvested and their lengths were 
measured in cm with the help of a scale, from base to top and then 
calculated average of all replications. For the determination of root 
length, plants were harvested. Plant samples, then washed thoroughly 
under tap water and air dried. Length of main root was measured by 
using measuring tape and then calculated the average. Plants from each 
tub were harvested and fresh samples of root and shoot were separately 
weighed for root and shoot fresh weight by using a portable analytical 
balance. Plants from each tub were harvested. Well prepared samples 
were air dried and then placed in an oven for moisture removal at 67 ⁰C 
upto constant weights. After moisture removal, percent dry weight was 
also calculated. SPAD values were taken by using the SPAD meter 
(model: SPAD-502 Plus made by Konica Minolta, Europe) for the 
determination of chlorophyll contents in the plants of barley. SPAD 
values were taken two times in the gap of two weeks for checking the 

Table 1 
Composition of Hoagland Solution.

Sr. No. Salts Stock (g L¡1) mL stock solution for 1 L

Macronutrients
1 KH2PO4 136 0.5 ml
2 KNO3 101 2.5 ml
3 Ca (NO3)2 4H2O 236 2.5 ml
4 MgSO4.7H2O 246 1.0 ml
Micronutrients
1 H3BO3 2.86 1.0 ml
2 MnCl2.4H2O 1.81 1.0 ml
3 ZnSO4.7H2O 0.22 1.0 ml
4 CuSO4.5H2O 0.08 1.0 ml
5 H2MoO4.H2O 0.02 1.0 ml
6 Fe-EDTA 37.33 1.0 ml
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difference in the values. No. of tillers were counted per plant at the time 
of harvesting. After harvesting plants from every tub no. of tillers were 
calculated. Relative water content (LWC) of leaves was determined by 
using the following formula as described by Mayak et al. (2004). 

RelativeLeafWaterContents(RLWC) =
FreshWeight − DryWeight

Fullyturgidweight − Dryweight
× 100 

Fresh second flag leaves were separated from all the plants and fresh 

Fig. 1. Illustrated the variation among barley genotypes under control condition and with 100 mM and 200 mM NaCl treatments.

Table 2 
Seedling trait values of 12 Barley genotypes across three salinity levels.

Barley genotypes Salinity levels 
(NaCl)

Shoot length (cm) Root length 
(cm)

Shoot fresh 
weight (g)

Root fresh weight (g) Shoot dry 
weight (g)

Root dry 
weight (g)

No. of tillers plant-1

B-9006 Non-saline 36.5e 30.3b-d 72.1c 15.2b-e 6.7b 0.3b-c 21.3b-c
100 mM 22.3f-j 16.0f-h 36.3e-i 6.9g-m 2.1f-j 0.35c-d 11.3f
200 mM 23.1f-j 7.16m-n 8.59m-o 3.9j-m 0.7k-m 0.2g-i 5.0k-q

B-05011 Non-saline 37.7e 32.0a-c 125.7b 19.4b 8.8a 0.4b 20.0c-d
100 mM 22.1f-k 13.5g-j 26.0h-n 9.5 e-j 1.3 i-m 0.2 j-m 6.7h-m
200 mM 20.1 i-k 9.0k-n 8.2n-o 3.9j-m 0.4l-m 0.2m-o 4.3m-s

B-15018 Non-saline 45.9b 28.8c-d 47.3e-f 16.3b-d 4.1c-d 0.3d-e 8.0g-i
100 mM 22.0f-k 15.6f-h 24.6h-n 12.9c-g 1.8g-k 0.2h-i 4.0n-t
200 mM 21.9g-k 13.1g-k 14.4j-o 7.2g-l 0.9j-m 0.2i-l 2.3r-u

B-15035 Non-saline 42.7b-d 36.0a 177.3a 76.0a 9.9a 0.6a 23.3a-b
100 mM 22.1f-k 11.8h-l 46.5e-g 19.8b 3.2c-f 0.24f-h 14.3e
200 mM 19.2i-k 10.0j-m 27.8g-l 14.9b-f 1.6h-l 0.14j-l 5.3 j-p

Aia-03 Non-saline 46.4b 29.7b-d 68.9c-d 5.8h-m 3.4c-e 0.2h-j 25.0a
100 mM 20.0i-k 12.0g-l 31.5f-k 3.6j-m 0.6k-m 0.2j-m 7.0h-l
200 mM 21.1h-k 10.7i-m 15.3j-o 2.6k-m 0.4l-m 0.1m-p 3.7o-t

Franklin Non-saline 51.7a 19.3e-f 51.7d-e 5.8h-m 4.2c 0.3e 18.7d
100 mM 26.9f 13.0g-k 18.2i-o 4.7j-m 1.4i-m 0.2h-i 7.7g-j
200 mM 23.5f-i 9.3j-n 4.5o 1.7l-m 0.2m 0.2 i-k 2.7q-u

YSM1 Non-saline 46.9a-b 27.2d 40.5e-h 16.6b-d 3.1c-f 0.3e-f 23.0a-b
100 mM 21.4h-k 16.3f-g 31.9j 8.2g-k 2.8e-h 0.1m-q 11.3f
200 mM 18.5j-k 10.5j-m 15.2j-o 2.6k-m 0.7k-m 0.1o-r 6.0i-o

Dayton Non-saline 45.2bc 21.0e 27.1h-n 15.2b-e 2.4e-i 0.3efg 7.3g-k
100 mM 22.4F-J 15.3fgh 23.6h-n 5.5i-m 0.8klm 0.2j-m 5.3j-p
200 mM 19.2ijk 10.8i-m 13.3j-o 3.7jk 0.6klm 0.1o-r 4.3m-s

Gairdner Non-saline 40.9cde 33.8ab 46.5efg 12.1d-h 3.3c-f 0.2ghi 9.0fgh
100 mM 20.9h-k 15.0f-i 15.4j-o 7.6g-l 2.1f-i 0.2l-o 2.0stu
200 mM 20.1ijk 9.8j-n 9.2l-o 4.3j-m 0.9j-m 0.1qr 1.0u

Yerong Non-saline 26.7fg 15.0f-i 18.8i-o 4.0j-m 1.3i-m 0.1j-n 14.0e
100 mM 23.2f-j 8.0lmn 14.0j-o 2.4klm 0.8klm 0.1m-p 6.3i-n
200 mM 17.2k 5.5n 10.8l-o 0.7m 0.5lm 0.05r 3.0p-u

ZUG-293 Non-saline 25.7fgh 30.7bcd 41.9efgh 16.5bcd 3.1d-g 0.3ef 4.7l-r
100 mM 23.1f-j 18.3ef 9.7l-o 8.8f-k 0.8klm 0.2i-l 1.7tu
200 mM 22.0g-k 8.5lmn 4.1o 4.2j-m 0.5lm 0.1n-q 1.0u

ZP2 Non-saline 38.2de 18.3ef 71.6c 18.7bc 7.1b 0.2ghi 21.0bcd
100 mM 25.1fgh 12.3g-l 27.5g-m 11.5d-i 3.6cde 0.1k-n 9.7fg
200 mM 20.0ijk 9.8j-n 12.5k-o 8.5g-k 1.8g-k 0.1pqr 6.0i-o
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weight was recorded. The fully turgid weight of leaf was taken after 
diping it in 100 % moisture in the dark for 48 h. Dry weight was taken 
after drying the turgid leaf samples in the oven at 67 ◦C for 24 h up to the 
constant weight.

2.5. Statistical analysis

All the recorded data were analyzed statistically by using Statistix 
8.1. Completely Randomized Design with factorial arrangement was 
applied and the treatment means were compared by using DMR test 
(Steel et al., 1997).

3. Results and discussions

3.1. Effect of salinity on morphological traits

3.1.1. Shoot length (cm)
The data related to variation in shoot length of different barley ge-

notypes under salinity stress was shown in (Table 2) and clearly showed 
that variation in plant height at different salinity levels was highly sig-
nificant (p ≤ 0.01). Salinity levels affected plant height of all the ge-
notypes of barley as compared to control treatment, however, variations 
in plant height were may be due to genetic variations in barley geno-
types. Under salinity, plant height of all genotypes was decreased as 
compared to control. At salinity stress of 100 mM NaCl maximum plant 
height (28.5 cm) was recorded in genotype Franklin, while minimum 
was found in Aia-03 (19.5 cm), which accounts for lowest decrease of 46 
% in Franklin genotype and highest decrease of 58 % in genotype Aia-03 
when compared with control. At 200 mM NaCl stress maximum plant 
height was observed in Franklin (25.0 cm) genotype while plant height 
was minimum in Yerong (14.4 cm). Minimum 47 % decrease was 
observed in Franklin as compared to control. Whereas, Yerong showed 
the highest decrease of 61 % in plant height as compared to control 
treatment. The reduction in plant height under salinity may be due to 
salinity induced reduction in turgor pressure of cells which results in 
slow cell division and production of small sized cells (Sabagh et al., 
2019).

3.1.2. Root length (cm)
The data related to variations in root length of different barley ge-

notypes under salt stress is shown in the (Table 2) which evidently 
displays that effect of different salinity levels on root length of barley 
was also statistically highly significant (p ≤ 0.01). Under salinity root 
length of all the barley genotypes was decreased as compared to control 
however, there was significant variation for root length among barley 
genotypes. Salt stress affected root length of all the twelve genotypes of 
barley as compared to controlled treatments. At salinity stress of 100 
mM, NaCl stress maximum root length was observed in ZUG 293 (21.2 
cm) genotype and followed by YSM1, B-9006 and B-15018 genotypes, 
while minimum root length was recorded in Yerong (9 cm) genotype. It 
was found that the reduction in root length of ZUG-293 was 44 %, 
whereas, in Yerong it was 60 % as compared to control. At salinity stress 
of 200 mM, NaCl maximum root length was observed in B-15018 (14.5 
cm) genotype followed by Dayton, Aia-03 and YSM1 however, minimum 
root length (4 cm) was recorded in Yerong genotype. Genotype B-15018 
exhibited 51 % decrease in root length and Yerong expressed 84 % as 
compared to control. The reason of reduced root length is osmotic effects 
caused by increasing amounts of NaCl (Narimani et al., 2020).

3.1.3. Shoot fresh weight (g)
The data related to changes in shoot fresh weight of different barley 

genotypes under salt stress is shown in (Table 2) visibly shows that effect 
of different salinity levels on shoot fresh weight of barley was also sta-
tistically highly significant (p ≤ 0.01). Salinity affected shoot fresh 
weight of all the genotypes of barley as compared to non-saline control 
treatment. However, variation in shoot fresh weight was observed 

among barley genotypes under salt stress levels. Due to salinity, shoot 
fresh weight of all the genotypes was reduced as compared to control 
plants. At salinity stress of 100 mM NaCl, highest shoot fresh weight was 
witnessed in B-15035 (47.2 g) genotype and also followed by B-9006, 
ZP2 and YSM1 while lowest shoot fresh weight was observed in ZUG- 
293 (11.7 g) genotype of barley. 66 % reduction of fresh weight was 
observed in B-15035 and 74 % was examined in ZUG-293. At salinity 
stress of 200 mM NaCl maximum shoot fresh weight (29.3 g) was 
observed in B-15035 genotype and accompanied by Aia-03, YSM1 and 
B-15018. While minimum fresh weight was noted in ZUG-293 (5.75 g) 
genotype. Lowest 79 % decrease was seen in shoot fresh weight of B- 
15035 and highest 87 % decrease was observed in ZUG-293 as compared 
to control.

3.1.4. Shoot dry weight (g)
The data about changes in shoot dry weight of different barley ge-

notypes under salinity stress is presented in (Table 2) which shows the 
response of barley genotypes and salinity levels and their interactive 
effects are statistically highly significant (p ≤ 0.01). As compared to 
control, salinity affected shoot dry weight of all the genotypes of barley. 
Due to salinity stress, shoot dry weight of all genotypes was decreased as 
compared to control. At stress level of 100 mM, increased shoot dry 
weight (5.5 g) was recorded in ZP2 genotype (42 % decreased from 
control) followed by B-15035, Gairdner and B-9006 while, minimum 
shoot dry weight (1.89 g) was observed in Aia-03 genotype (76 % 
decreased from control). At stress level of 200 mM, highest shoot dry 
weight (2.52 g) was observed in ZP2 genotype (73 % decreased from 
control) while minimum shoot dry weight (0.19 g) (96 % decrease from 
control) was recorded in Franklin genotype. The reason of drastic 
decrease in shoot dry weight is extreme increase in salinity which caused 
decrement in the shoot length (Zeeshan et al., 2020).

3.1.5. Root fresh weight (g)
Following data related to changes in root fresh weight of different 

barley genotypes under salinity stress is shown in (Table 2) clearly 
displays that effect of different salinity levels on root fresh weight of 
barley was statistically highly significant (p ≤ 0.01). Salinity affected 
root fresh weight of all the genotypes of barley as compared to 
controlled treatment. At salinity stress of 100 mM, NaCl minimum root 
fresh weight (1.5 g) was perceived in Yerong genotype while maximum 
root fresh weight (21.03) was recorded in B-15035 genotype. At salinity 
stress of 200 mM, NaCl maximum root fresh weight (14.5 g) was 
observed in B-15035 genotype while minimum root fresh weight (1.5 g) 
was recorded in Franklin genotype. Zeeshan et al. (2020) reported that 
decreased root growth contributed to a significant decrease in the root 
fresh weight of the barley genotypes. Shortest lengths had the decreased 
weights.

3.1.6. Root dry weight (g)
In (Table 2) data related to changes in root dry weight of different 

barley genotypes under salinity stress is displayed which shows that 
different salinity levels showed statistically highly significant result on 
root dry weight (p ≤ 0.01). At salinity stress of 100 mM, highest root dry 
weight (0.39 g) was recorded in B-9006 genotype which was chased by 
B-15035, B-15018 and Franklin while lowest root dry weight (0.1 g) was 
found in YSM1 genotype. At salinity stress of 200 mM, maximum root 
dry weight (0.24 g) was observed in B-9006 genotype followed by B- 
15035, B-15018 and Franklin however, minimum root dry weight (0.04 
g) was notified in Gairdner genotype. Root dry weights hold the same 
reason of reduction as observed previously in case of shoot fresh weight 
of the plant.

3.1.7. Number of tillers Plant− 1

Changes in number of tillers plant− 1 of different barley genotypes 
under salinity stress is shown in (Table 2) while effect of different 
salinity levels on tillers plant− 1 of barley was highly significant (p ≤
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0.01). Salinity affected no. of tillers plant− 1 of all the genotypes of barley 
compared to controlled treatments. Due to salinity, no. of tillers plant− 1 

of all genotypes was decreased compared to control. At salinity stress of 
200 mM, maximum no. of tillers plant− 1 (7) was observed in YSM1 
genotype accompanied by ZP2 and B-15035, however, minimum no. of 
tillers plant− 1 (1) was recorded in ZUG-293 genotype. At salinity stress 
of 100 mM, minimum no. of tillers plant− 1 (1) was observed in ZUG-293 
genotype while maximum no. of tillers plant− 1 (16) was recorded in B- 
15035 genotype followed by YSM1, B-9006 and ZP2. Hammami et al. 
(2016) Evaluated that tillering capacity of the barley genotypes varied 
because of improper uptake of nutrients due to excessive salts.

3.2. Effect of salinity on physiological traits

3.2.1. Relative leaf water contents (RLWC) (%)
Material related to variations in relative leaf water contents of 

different barley genotypes under salinity stress is shown in (Fig. 2) 
which shows that response of barley genotypes was statistically highly 
significant (p ≤ 0.01) while effect of different salinity levels on RLWC of 
barley was statistically non-significant (p ≤ 0.05). At salinity stress of 
100 mM, minimum RLWC (65 %) was observed in Dayton genotype 
while maximum RLWC (91 %) was recorded in ZP2 genotype followed 
by Franklin, YSM1 and ZUG-293. At salinity stress of 200 mM, maximum 
RLWC (85 %) were observed in B-15018 genotype and followed by 
YSM1, Franklin and B-9006 while, minimum RLWC (58 %) were 
recorded in Yerong genotype. Salinity affected RLWC of all the geno-
types of barley compared to controlled treatments. Pazirandeh et al. 
(2015) revealed that high Na+ ion absorption in the plant from salt 
stressed environment can damage the ability of plant to absorb more 
water due to which RLWC are decreased in the plants.

3.2.2. SPAD value
Variations in SPAD value (Soil Plant Analysis Development) of 

different barley genotypes under salinity stress is shown in (Fig. 3) 
which evidently displays the response of salinity levels on chlorophyll 
contents of barley was statistically significant (p ≤ 0.01). Chlorophyll 
contents of all the genotypes of barley are affected by salt stress 
compared to controlled treatments. Decline in SPAD value due to in-
crease in salt stress was also testified by Yousfi et al. (2012) and Mah-
looji et al. (2017) in their study and they also suggested a decrease in 
SPAD values. At salt stress of 100 mM, maximum chlorophyll contents 
(33.7) were observed in Dayton genotype followed by YSM1, B-05011 
and ZUG-293 while minimum chlorophyll contents (17.4) were recor-
ded in Yerong genotype. At salt stress of 200 mM, maximum chlorophyll 
contents (26.9) were observed in YSM1 genotype followed by Dayton 
and ZUG-293 genotype. While minimum chlorophyll contents (11.2) 

were recorded in Aia-03 genotype. Akhter et al. (2021) reported that 
impact of salinity stress on barley genotypes decreased chlorophyll-a 
(fluorescence).

3.2.3. Na+ (ppm) concentration in leaf sap
The data related to changes in Na+ concentration of different barley 

genotypes under salinity stress is shown in (Fig. 4). It displays that effect 
of different salinity levels on Na+ uptake of barley is also statistically 
highly significant (p ≤ 0.01). Salinity affected Na+ uptake in all the 
genotypes of barley compared to controlled treatments. However, var-
iations in Na+ concentrations were observed due to genetic variations in 
barley genotypes. Due to salinity, Na+ concentration of all genotypes 
was increased compared to control (Fig. 4). At salt stress of 100 mM, 
maximum Na+ concentration (232 ppm) with 70 % increase from con-
trol was calculated in B-05011 followed by YSM1, Dayton and Gairdner 
genotypes. While minimum Na+ concentration (77 ppm) with 48 % 
increase from control was recorded in ZUG-293 genotype. At salinity 
stress of 200 mM, maximum Na+ concentration (306 ppm) with 92 % 
increase as compared to control was observed in Gairdner genotype 
followed by Franklin, B-15035 and ZUG-293 while minimum Na+ con-
centration (172 ppm) with 74 % increase as compared to control was 
recorded in Yerong genotype.

Fig. 2. Variations in Relative Leaf Water Contents of different genotypes of 
barley at different level of salinity in hydroponics system. Error bars are ±SEM.

Fig. 3. Variations in SPAD value of different genotypes of barley to different 
level of salinity under hydroponics conditions. Error bars are ±SEM.

Fig. 4. Variations in Na+ (ppm) concentration in leaf sap of different genotypes 
of barley to different level of salinity under hydroponics conditions. Error bars 
are ±SEM.
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3.2.4. K+ (ppm) concentration in leaf sap
Variations in K+ concentrations of different barley genotypes under 

salinity stress is shown in (Fig. 5) which undoubtedly shows that 
response of barley genotypes was statistically highly significant (p ≤
0.01) while effect of different salinity levels on K+ ppm concentration of 
barley was also statistically highly significant (p ≤ 0.01). Salinity 
affected K+ concentration in all the genotypes of barley compared to 
controlled treatments. However, changes in K+ concentrations were 
observed due to genetic variations in barley genotypes. Due to salinity, 
K+ concentration of all genotypes was increased compared to control 
(Fig. 5). At salt stress of 200 mM NaCl, maximum K+ concentration 
(132.2 ppm) with 95 % increase was observed in Aia-03 genotype fol-
lowed by YSM1, Gairdner and B-15035 as compared to control. While, 
minimum K+ concentration (96 ppm) with 69.5 % was recorded in 
yerong genotype. At salt stress of 100 mM NaCl, maximum K+ concen-
tration (100.7 ppm) with 72 % increase was witnessed in Aia-03 geno-
type followed by Yerong, B-9006 and ZP2 as compared to control. 
However, minimum K+ concentration (81 ppm) with 50 % increase was 
noted in B-15035 genotype. Plants with more K+ ion accumulation was 
less affected with Na+ ions. Decrease in K+/Na+ ratio concentration due 
to salinity stress was also described by Barati et al. (2017).

3.2.5. K+/Na+ ratio in leaf sap
The information related to variations in K+/Na+ ratio of diverse 

barley genotypes under salinity stress is shown in (Fig. 6) which clearly 
exhibits that response of different salinity levels on K+/Na+ ratio of 
barley was also statistically highly significant (p ≤ 0.01). Salinity 
affected K+/Na+ ratio in all the genotypes of barley compared to 
controlled treatments. Due to salinity, K+/Na+ ratio concentration of all 
genotypes was increased compared to control (Fig. 6). At salinity stress 
of 100 mM, maximum K+/Na+ ratio concentration (1.66) was observed 
in ZUG-293 genotype while minimum K+/Na+ ratio concentration 
(0.39) was recorded in B-15035 genotype. At salinity stress of 200 mM, 
maximum K+/Na+ ratio concentration (1.20) was observed in B-15018 
genotype while minimum K+/Na+ ratio concentration (0.14) was 
recorded in B-15035 genotype. Decrease in K+/Na+ ratio concentration 
due to salinity stress was also described by Izadi et al. (2014) and 
Mahlooji et al. (2018).

3.2.6. Ca++/Na+ ratio in leaf sap
The data associated to variations in Ca++/Na+ ratio of different 

barley genotypes under salt stress is shown in (Fig. 7). Graph evidently 
shows response of different salinity levels on Ca++/Na+ ratio concen-
trations of barley and it was also statistically highly non-significant (p ≤

0.01). Salinity affected Ca++/Na+ ratio in all the genotypes of barley 
compared to controlled treatments. However, variations in Ca++/Na+

concentrations were witnessed due to genetic variations in barley ge-
notypes. Due to salinity, Ca++/Na+ ratio concentration of all genotypes 
was increased compared to control. At salinity stress of 100 mM, mini-
mum Ca++/Na+ ratio (0.11) was observed in Dayton genotype while 
maximum Ca++/Na+ ratio (0.14) was recorded in ZUG-293 genotype 
(Fig. 7). At salinity stress of 200 mM, maximum Ca++/Na+ ratio (0.12) 
was observed in B-15035 genotype while minimum Ca++/Na+ ratio 
(0.10) was recorded in B-15018 genotype. Decline in Ca++/Na+ ratio 
due to salt stress was also stated by Askari et al. (2016) and Parida et al. 
(2016).

4. Conclusion

It can be concluded from the above experiment that tolerant barley 
varieties effectively restricted the entry of Na+ ion into their leaves, 
however, efficiently maintained K+ concentration, whereas, sensitive 
genotypes were badly affected by salt stress and cannot regulate K+ ion 
uptake. The K+/Na+ ratio is the key factor which clearly signifies the 
tolerant and sensitive varieties. The barley varieties B-9006, B-15018, 
Yerong and Aia-03 are found to be the most tolerant from the above 12. 
The first effect of salinity on plant growth and development is osmotic 
effect and it was found that B-15018 showed higher percentage of RLWC 
under saline conditions. Yerong and B-9006 exhibited maximum SPAD 
values and B-9006 expressed higher root-shoot fresh weights and 
number of tillers plant-1 under 100 mM NaCl stress. These genotypes 
showed higher values of K+/Na+ ratio under both (100 and 200 mM 

Fig. 5. Variations in K+ (ppm) concentration in leaf sap of different genotypes 
of barley to different level of salinity under hydroponics conditions. Error bars 
are ±SEM.

Fig. 6. Variations in K+/Na+ ratio in leaf sap of different genotypes of barley to 
different levels of salinity under hydroponics conditions. Error bars are showing 
± Standard error of mean.

Fig. 7. Variations in Ca++/Na+ ratio in leaf sap of different genotypes of barley 
to different level of salinity under hydroponics conditions. Error bars are 
showing ± Standard error of mean.
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NaCl) stress levels.
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