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Abstract  To screen salt tolerance wheat genotypes, 
germination and seedling growth characters were used as 
screening criteria. 33 wheat genotypes were tested under 5 
different salt concentrations (0, 5, 10, 15 and 20 dSm-1) at 
central laboratory, Sher-e-bangla Agricultural University, 
Dhaka-1207, during February to March, 2016. The 
experiment was conducted with a complete randomize 
design (CRD) with 5 replications. The results of the 
experiment revealed that, various germination and seedling 
growth parameters of the wheat genotypes varied 
significantly under salt stress. A marked reduction of 
germination rate, shoot and root length, shoot and root dry 
weight, relative water content, water retention capacity and 
vigor index was observed with the increasing of salt 
concentration for most of the wheat genotypes except 
ESWYT-5, ESWYT-6 and BARI GOM 28. ESWYT-5, 
ESWYT-6 and BARI GOM 28 showed consistently better 
performance against salt stress and there were slow linear 
reduction was observed with the increasing of salt 
concentration from 0 to 20 dSm-1. So considering the above 
fact, ESWYT-5, ESWYT-6 and BARI GOM 28 could be 
promising salt stress genotype against moderate saline 
condition. 
Keywords  Salinity Stress, Wheat Genotypes, Tolerant 
Genotype, Sensitive Genotypes 

1. Introduction
By 2050 the world population will be about 9.10 billion, 

which will be 34% higher from today and we need to feed 
another 2.30 billion people with limited resources. Food 
production must need to be increased about 70% and to meet 
this huge demand cereal production will need to increase 
about 3 billion metric tons from 2.10 billion metric tons 
today. But in a dilemma, the world agriculture in 21st century 
faces versatile challenges. Soil salinity is one of the major 

abiotic stresses which directly affect plant physiology which 
causes drastic reduction of crop production. World’s 25% 
cultivable lands are salinity affected among 400 million ha of 
total land and the salt intrusion scenario is alarmingly 
increasing. Bangladesh is also not beyond this threat. In 
Bangladesh the salinity affected area was 83.3 million ha in 
1973, 102 million ha in 2000 and in 2009 it has reached up to 
105.5 million ha and the area is being expanded with times 
being Soil Resource and Development Institute [45]. The 
dramatic increasing of saline area is caused by rise of the sea 
levels, global warming. 

Wheat is a temperate cultivable cereal crop ranked second 
after rice mainly cultivated in the north and north-west 
region of Bangladesh. A huge amount of cultivable lands in 
the coastal belt remain fallow and the sole cropping pattern is 
fallow-Aman-fallow. Inclusion of wheat in this traditional 
saline belt cropping pattern could be an effective means for 
optimizing land utilization to supplement the food 
production and nutritional deficit of the ever growing 
population of Bangladesh. Reclamation of saline soil is very 
much expensive where salt tolerance wheat genotype 
selection could be a feasible and cost effective mean for the 
saline belt. 

The soil salinity may responsible for many detrimental 
effects on plant growth and development at physiological 
and biochemical level Munns [32]. In saline soils, seeds with 
lower osmotic potential fail to absorb water; increase the 
accumulation of toxic ions (Na+ and Cl-) and finally there is a 
delay, decrease and disruption of seed germination Ashraf 
and Foolad [8]. Metabolism, physiological act and 
morphological feature of plant changed by soil salinity in 
and drastically reduce the growth and yield Ashraf and 
Harris [5]. Ramaden et al. [35] reported that higher salinity 
level in the germination media build up a high osmotic 
pressure in the solution which restricted the uptake of soil 
water required for proper germination of seed. Seed embryo 
badly affected by higher salt concentration which result there 
is a delay and reduction of germination percentage of seed. 
Percentage of germination, length of coleoptiles, length of 
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root and seedling growth reduced by detrimental effect of 
salinity Lallu and Dixit [26]; Ganndha et al. [19]; Bera et al. 
[10] and Agnihotri et al. [2]. Cha-um et al. [12] mentioned 
that plant that was exposed to salinity stress, water potential 
was reduced then water use efficiency was also reduced. But 
the salt tolerance species exert a high capacity to resist salt 
stress through biosynthesis and accumulation of compatible 
solute. These solutes increase the overall osmotic pressure 
within the cell there by empowering plant cell to affirm both 
turgor and driving gradient for water absorption Hasegawa et 
al. [20]. According to Kumar et al. [25] numerous plants 
have improved mechanism either to restrict salt uptake to 
their cell or to tolerate within the cell. Zhu [47] also reported 
that plant faces salt stress condition; affirm a high K+ 
concentration and low Na+ concentration in the cytosol. They 
do this by regulation of expression and activity of K+ and Na+ 
transporters and H+ pumps that creates the driving force for 
transport. Regulation of K+ uptake and prevention of Na+ 
influx, promotion of Na+ efflux from the cell and use of Na+ 
for K+ adjustment are the strategies generally use by plant to 
maintain expected K+/ Na+ ration in cytosol. So, a high 
K+/Na+ ratio in cytosol is always expected for normal 
functioning of the plant cell Zhu [47]. Only physiological 
markers for example Na+, K+ content, K+: Na+ ratio and 
accumulation pattern of proline are less suitable, even in the 
point of view of some researchers are not promising enough 
for screening the salt tolerance genotypes Shannon [40]. 

The varietal variation in salinity tolerance that exists 
among crop plant can be used through screening program by 
exposing target traits for salt tolerance Kingsbury et al. [24]. 
Physiological tolerance along with some agronomic traits 
and their relationship with salt tolerance indices could be a 
feasible means are considered strong enough to be a selection 
tool in breeding of salt tolerance cultivars Allakhverdiev et al. 
[4]. 

Therefore, with a view to expand the cultivation and to 
sustain the yield of wheat in the coastal belt, the present piece 
of work was implemented to evaluate some agronomic and 
physiological traits of wheat as screening criteria against 
salinity condition. 

2. Materials and Methods 
The experiment was implemented at the central laboratory 

of Sher-e-Bangla Agricultural University, Dhaka-1207 from 
February to March, 2016. The experiment was conducted in 
single factor Completely Randomize Design (CRD) with 
five replications. 

The performance of 33 wheat genotypes including 5 wheat 
varieties and 28 advanced lines were collected form Wheat 
Research Centre, Nashipur, Dinajpur and Bangladesh 
Agricultural Research Institute, respectively (Table 1) and 
tested under five different salinity levels (0, 5, 10, 15 and 20 
dSm-1) for present research. 

Table 1.  List of wheat genotypes used for present research 

Sl. No. Genotypes Remarks 

01 SATYN-22 Advanced line 

02 SATYN-15 Advanced line 

03 SATYN-21 Advanced line 

04 SAYYN-17 Advanced line 

05 SATYN-23 Advanced line 

06 ESWYT-5 Advanced line 

07 SATYN-24 Advanced line 

08 ESWYT-6 Advanced line 

09 SATYN-3 Advanced line 

10 SATYN-27 Advanced line 

11 SATYN-12 Advanced line 

12 SATYN-6 Advanced line 

13 SATYN-19 Advanced line 

14 SATYN-16 Advanced line 

15 SATYN-25 Advanced line 

16 WICYT-7 Advanced line 

17 WICYT-9 Advanced line 

18 WICYT-28 Advanced line 

19 WICYT-35 Advanced line 

20 WICYT-41 Advanced line 

21 WICYT-15 Advanced line 

22 WICYT-20 Advanced line 

23 WICYT-25 Advanced line 

24 WICYT-26 Advanced line 

25 SATYN-2 Advanced line 

26 SATYN-10 Advanced line 

27 SATYN-14 Advanced line 

28 SATYN-20 Advanced line 

29 BARI GOM 25 Variety 

30 BARI GOM 26 Variety 

31 BARI GOM 27 Variety 

32 BARI GOM 28 Variety 

33 BARI GOM 29 Variety 

2.1. Seed Placement for Germination 

33 wheat genotypes were collected from Wheat Research 
Centre, Nashipur, Dinajpur and Bangladesh Agricultural 
Research Institute and dried for 3 hrs under sunlight. Filter 
paper were cut according to the petri dish size and place into 
the bottom of the dish. 30 seeds of each wheat genotypes 
were placed into the petri dish. 0, 1.4625, 2.925, 4.3875 and 
5.85 g NaCl were dissolved in 500 ml distill water separately 
to get 0, 5, 10, 15 and 20 dSm-1 NaCl solution, respectively. 
The salt solutions were sprayed as per treatment on petri dish 
until the saturated condition and spraying continued with 6 
hrs interval. 
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2.2. Data Recorded on Germination Traits 

Germination was recorded at 24 hrs interval and continued 
up to 11th day. More than 2 mm long plumule and radicle 
seed was considered as germinated seed. 

The germination rate was calculated using following 
formula: 

Rate of germination (%) =𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

×100 

Co-efficient of germination (CG) was calculated using 
the following formula Copeland [14]: 

Coefficient of germination (%) = 𝐴𝐴1+𝐴𝐴2+⋯+𝐴𝐴𝐴𝐴
𝐴𝐴1𝑇𝑇1+𝐴𝐴2𝑇𝑇2+⋯𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

 × 100 

Where, 
A= Number of seeds germinated 
T= Time corresponding to A 
x= Number of days to final count 
Vigour index was calculated using following formula 

Abdul-Baki and Anderson [1]: 

Vigour index =  𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇×𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆ℎ (𝑚𝑚𝑚𝑚)
100

 

2.3. Data Recorded on Shoot and Root 

At 11th day after seed placement, five seedlings of each 
petri dish were randomly sampled. Shoot and root length of 
single seedling were recorded with meter scale. Then the 
shoot and root of the seedling were dried for 48 hrs then dry 
weight of shoot and root were recorded using electric 
balance. 

After recording the fresh weight leaf of each seedling 
place into petri dish for 24 hrs then leaf soaking with distilled 
water, then turgid weight was recorded, after 48 hrs drying 
for the dry weight was measured. 

Relative water content was measured using following 
formula Baque et al. [9]: 

Relative water content (WRC) (%) = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹ℎ𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡−𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑡𝑡−𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑡𝑡

 
× 100 

Water saturation deficit was recorded using following 
formula Baque et al. [9]: 

Water saturation deficit (WSD) = 100- Relative water 
content 

Water retention capacity was measured following formula 
Baque et al. [9]: 

Water retention capacity (WTC) = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑡𝑡
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑡𝑡

 

2.4. Statistical Analysis 

The collected data were analyzed statistically following 
CRD design by MSTAT-C computer package program and 
the treatments were compared by Least Significance 
Differences (LSD) test. 

3. Result and Discussion 

3.1. Germination Percentage 

Germination percentage significantly varied among wheat 
genotypes under different level of saline concentration 
(Table 2). The rate of germination decreased with the 
increasing of salt concentration. ESWYT-5, ESWYT-6 and 
BARI GOM 28 showed consistency against different levels 
of saline concentration and gave the highest germination rate 
(98.89, 94.44, 92.11, 91.57 and 88.00% in ESWYT-5; 97.78, 
94.44, 90.19, 90.23 and 87.10% in ESWYT-6 and 97.46, 
92.72, 89.89, 89.31 and 86.67% in BARI GOM 28 at 0, 5, 10, 
15 and 20 dSm-1, respectively). On the other hand the lowest 
germination rate was counted for BARI GOM 29 and 
SATYN-20 (32.22 and 33.33% at 0 dSm-1, respectively). The 
reduction trend of germination percentages rapidly increase 
with the increasing of NaCl concentration for BARI GOM 29 
(85.00, 87.78, 88.89 and 90.00 at 5, 10, 15 and 20 dSm-1, 
respectively). So, in the context of germination percentage to 
salinity tolerance/sensitivity, it may be concluded that among 
33 wheat genotypes ESWYT-5, ESWYT-6 and BARI GOM 
28 might be referred as salt tolerance cultivars and BARI 
GOM 29 as most salinity sensitive cultivar. The germination 
of wheat genotype could be affected in two ways under 
salinity condition. First of all, in the germination media 
excess salt might be reduced the osmotic potential of tested 
seed to such extent that seeds that were placed for 
germination unable to absorb enough water necessary for 
transportation of mineral nutrients which were crucial for 
germination and the second one was is the embryo of the 
tested seed adversely affected by the toxicity of salt salutes 
Mujeeb-ur-Rahman et al. [31]. In the physiological point of 
view, the absorption of more K+/Na+ is essential for seed 
germination. The rise of salinity level decreases the K+/Na+ 
ratio Carmer et al. [15] which injures the embryo of the 
germinal seed. Khan et al. [22] also reported that, up taking 
of salt in sensitive plant competes with the up taking of 
compatible nutrients ions, especially K+, which causes K+ 
deficiency. In salinity stress condition, sensitive wheat 
genotypes absorb more Na+ than K+ Ashraf and Oleary [7] 
and Sairamet al. [37] as a result germination decreases. 
Amount of Na+ uptake by cereals was reported as salt tolerant 
indices Ashraf and Khanum [6]. In some halophytes like 
wheat, the exclusion of Na+ and inclusion of K+, salt 
tolerance mechanism might absence referred as sensitive 
cultivar Poustini and Siosemardeh [33]. On the other hand 
increasing the absorption of osmotically active constituents 
like sugar organic acid, proline, glycine, K+ and Cl- which 
trigger the nutrient release selectivity and osmotic 
adjustment to salinity referred as salt tolerance genotypes. 
Similar result also found by different scientists in different 
crops like: Khatkar and Kuhad [23] in wheat; Shirazi [42], 
Lallu and Dixit [26] in mustard; Bera et al. [10] in chickpea. 
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Table 2.  Effect of salinity level on germination rate of different wheat genotypes at different salt concentrations 

Genotypes 
Germination rate (%) at different salt concentrations 

0 dS m-1 5 dS m-1 10 dS m-1 15 dS m-1 20 dS m-1 

SATYN-22 77.33   i 75.55   f-h 51.11  n 41.10  kl 33.34   kl 

SATYN-15 88.89   e-g 80.00   de 73.44  f-h 67.05  e 53.31  ef 

SATYN-21 88.89   e-g 87.78   c 82.40   bc 66.66  ef 63.60  d 

SAYYN-17 77.66   i 52.22   l 48.05   n 43.14  k 31.11  lm 

SATYN-23 87.78  f-h 74.44   g-i 66.66   jk 67.77  e 55.55  e 

ESWYT-5 98.89  a 94.44   a 92.11  a 91.57  a 88.00  a 

SATYN-24 84.44  h 82.11  d 74.44  e-g 75.55  c 67.77  c 

ESWYT-6 97.78  ab 94.44  a 90.19  a 90.23  a 87.10  a 

SATYN-3 62.22   k 50.00   l 31.11  o 30.22  m 25.55   n 

SATYN-27 76.66   i 65.55   k 47.75  n 38.47  l 35.98   jk 

SATYN-12 70.00   j 68.92   jk 62.22  lm 50.00  j 37.77   j 

SATYN-6 93.33  cd 88.89   bc 84.49  b 76.66  c 71.44   b 

SATYN-19 88.89  e-g 78.89   d-f 74.44  e-g 66.66  ef 45.55   i 

SATYN-16 86.66  gh 78.89   d-f 64.44  kl 63.33  f-h 49.96  gh 

SATYN-25 91.11  d-f 82.22   d 78.88  cd 73.86   cd 68.89   bc 

WICYT-7 93.33  cd 70.00    j 61.11  lm 59.51   i 55.55   e 

WICYT-9 88.88  e-g 82.22   d 68.89  ij 62.89   g-i 52.17  fg 

WICYT-28 93.33  cd 75.55   f-h 70.51  h-j 66.43   e-g 54.98  ef 

WICYT-35 91.11  d-f 82.22   d 75.55  def 67.77   e 62.03  d 

WICYT-41 94.42   b-d 77.77   e-g 74.44  efg 71.63   d 68.62   bc 

WICYT-15 80.00   i 71.11   ij 60.00  m 61.11   hi 61.82   d 

WICYT-20 94.44   b-d 65.55   k 63.33  k-m 60.15   hi 56.22   e 

WICYT-25 48.88   l 34.39   m 31.24  o 15.55   o 10.37   p 

WICYT-26 92.22   c-e 77.77   e-g 76.66  d-f 67.77   e 48.89   h 

SATYN-2 95.55   a-c 87.77   c 85.55  b 84.44   b 67.77  c 

SATYN-10 95.55   a-c 88.88   bc 77.77  de 75.55   c 66.66  c 

SATYN-14 78.89   i 72.22   h-j 70.59  g-i 51.11   j 49.64  gh 

SATYN-20 33.33   n 28.88   n 17.77  q 14.74  op 9.988  p 

BARI GOM 25 37.77   m 34.83   m 24.44  p 19.94  n 19.98  o 

BARI GOM 26 92.22   c-e 77.77  e-g 63.33  k-m 61.11  hi 53.42  ef 

BARI GOM 27 84.44   h 53.33  l 31.11  o 27.77  m 28.89  m 

BARI GOM 28 97.46   ab 92.72  ab 89.89  a 89.31  a 86.67  a 

BARI GOM 29 32.22   n 15.00   o 12.22 r 11.11  p 10.00  p 

LSD (0.05) 3.66 4.12 3.91 3.67 3.03 

CV (%) 3.58 4.64 4.97 5.06 4.77 

Values having same letter(s) do not differed significantly by least significant difference (LSD) at 5% level 

3.2. Shoot Length 

Salinity level significantly affected the shoot length of 
wheat genotypes (Table 3). The magnitude of reduction of 
shoot length was lower in ESWYT-5, ESWYT-6 and BARI 
GOM 28 under different levels of salt concentration. The 
shoot length ranged from 180.2 mm in ESWYT-5 to 122.00 
in BARI GOM 29 at control solution (0 dSm-1); 161.70 mm 
in ESWYT-5 to 39.60 mm in SATYN-20 at 5 dSm-1 NaCl 

solution; 147.20 mm in ESWYT-5 to 28.27 mm in 
SATYN-14 at 10 dSm-1 NaCl solution; 120.50 mm in 
ESWYT-5 to 10.47 mm in WICYT-41 at 15 dSm-1 NaCl 
solution. Wheat genotype ESWYT-5 showed statistically 
similarity with ESWYT-6 at 5 dSm-1 NaCl solution; at 15 
dSm-1 NaCl concentrations, WICYT- 41 showed statistically 
at par with WICYT-9 and WICYT-14 wheat genotypes. At 
20 dSm-1 NaCl solution maximum shoot length was recorded 
for ESWYT-5 followed by ESWYT-6 and BARI GOM 28 
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but there was a dramatic change of shoot length in 
SATYN-22 and SATYN-25 and they did not survive at 20 
dSm-1 NaCl solution. The lower shoot length for salt 
sensitive cultivars might be due to more accumulation of Na+ 
which retard the cell division and elongation process and 

ultimately reduce the shoot length of salt sensitive cultivars  
For a consequence it might be concluded that ESWYT-5, 
ESWYT-6 and BARI GOM 28 wheat cultivars may be 
tolerance to salt. 

Table 3.  Effect of salinity level on shoot length of different wheat genotypes at different salt concentrations 

Genotypes 
Shoot length (mm) at different salt concentrations 

0 dS m-1 5 dS m-1 10 dS m-1 15 dS m-1 20 dS m-1 

SATYN-22 147.3  c-e 140.0   c-e 40.35  o 33.35  p-r 0.00     r 

SATYN-15 136.4  g-k 129.0   fg 59.13  m 41.79  n 29.03   k 

SATYN-21 131.8  j-n 128.5   fg 103.5  d 91.13  c 39.53   hi 

SAYYN-17 134.1  h-l 125.0   g-j 100.7  de 68.60  h 37.58   ij 

SATYN-23 139.3  f-j 114.5   k-m 98.15  ef 81.36  f 29.31   k 

ESWYT-5 180.2  a 161.7   a 147.2  a 120.5  a 116.2   a 

SATYN-24 130.7  k-n 117.3   k-m 101.5  de 86.17  de 71.40   d 

ESWYT-6 169.8  b 157.3   ab 138.7  b 106.6  b 99.72   b 

SATYN-3 152.9  c 140.7   cd 83.96  ij 45.87  m 37.87   ij 

SATYN-27 124.3  no 120.6   h-k 57.70  m 55.73  j 49.20   f 

SATYN-12 140.1  e-i 133.9   ef 93.87  fg 89.26  cd 82.33   c 

SATYN-6 140.7  e-h 105.5   o 87.27  h-j 84.71  ef 82.14   c 

SATYN-19 127.9  l-o 111.3   m-o 86.90  h-j 53.07  jk 38.53   i 

SATYN-16 136.3  g-k 112.4   l-n 77.20  k 70.58  gh 45.73  g 

SATYN-25 132.9  h-m 133.6   ef 98.00  ef 73.92  g 0.00    r 

WICYT-7 136.7  g-k 70.00   q 57.49  m 38.13  no 9.068  q 

WICYT-9 139.1  f-j 50.60    r 31.00  rst 11.07  v 8.836  q 

WICYT-28 129.7  k-o 50.83   r 38.87  op 30.42  q-s 13.07  n-p 

WICYT-35 143.6  d-g 114.4   k-m 33.23  q-s 24.27  t 15.47  n 

WICYT-41 142.2  d-g 126.7   gh 45.67  n 10.47  v 9.928  q 

WICYT-15 143.3  d-g 70.51   q 65.73  l 51.27  kl 42.20  h 

WICYT-20 132.7  i-m 48.87   r 35.67  pq 27.37  st 21.60  m 

WICYT-25 132.8  i-m 126.7  gh 56.40  m 36.75  op 24.85  l 

WICYT-26 153.2  c 142.5  cd 41.20  no 36.73  op 26.66   kl 

SATYN-2 146.1  c-f 136.6  de 82.87  j 73.00  g 13.27   n-p 

SATYN-10 127.1  l-o 85.80  p 35.03  p-r 34.07  pq 28.17   k 

SATYN-14 124.3  no 107.7  no 28.27  t 12.53  v 13.80   no 

SATYN-20 129.1  k-o 39.60  s 28.80  st 18.14  u 11.40   o-q 

BARI GOM 25 149.9  cd 143.6  c 64.00  l 60.47  i 55.61   e 

BARI GOM 26 125.6  m-o 118.8   j-l 87.63  hi 55.47  j 50.07   f 

BARI GOM 27 129.2  k-o 126.1  g-i 89.47  gh 49.20  lm 35.00   j 

BARI GOM 28 167.4  b 153.2   b 134.0  c 104.7  b 97.17   b 

BARI GOM 29 122.0  o 119.8  i-k 33.70  qr 29.54  rs 10.47   pq 

LSD (0.05) 7.90 6.43 4.59 3.84 2.99 

CV (%) 4.53 4.51 5.12 5.61 6.34 

Values having same letter(s) do not differed significantly by least significant difference (LSD) at 5% level 
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3.3. Root Length 
The root length was varied significantly among wheat 

genotypes under different salt concentration (Table 4). 
Consistently ESWYT-5, ESWYT-6 and BARI GOM 28 
wheat genotypes had shown a slower reduction against the 
increasing of salt concentration. At 0 dSm-1 salt 
concentration root length ranged from 164.20 mm in 
ESWYT-5 to 13.32 mm in SATYN-12; at 5, 10 and 15 dSm-1 
salt concentrations root length ranges from 152.10 mm in 
ESWYT-5 to 5.13 mm in SATYN-19, 109.30 mm in 
ESWYT-5 to 3.96 mm in SATYN-19, 69.79 mm in 
ESWYT-5 to 3.03 mm in SATYN-19, respectively. Longest 
root length distinctly was found from ESWYT-5, ESWYT-6 
and BARI GOM 28 at 20 dSm-1, on the other hand seedlings 
of SATYN-22 and SATYN-25 did not survive at the same 
salt concentration. In conclusion, it may be said that 

ESWYT-5, ESWYT-6 and BARI GOM 28 wheat genotypes 
could be salt tolerance and SATYN-19, SATYN-12 sensitive 
to saline condition in respect of root length. SATYN-22 and 
SATYN-25 might be very much sensitive to salt at higher 
salt concentration in the context of root length. Shoot and 
root length severely affected by salt stress and as a 
consequence there was a drastic reduction observed for salt 
stress sensitive genotypes. It has been found that, under slat 
stress condition photosynthetic rate is reduced markedly, lost 
huge energy in salt removal mechanism, reduced 
transportation of compatible nutrient, arrested cell division 
and enlargement, decreased shoot length, for consequence 
there was a marked reduction of shoot and root length. 
Similar findings also reported by Moud and Maghsoudi [30], 
Datta et al. [17], Mujeeb et al. [31], Tarmatt and Munns [46] 
and Dager et al. [16]. 

Table 4.  Effect of salinity level on root length of different wheat genotypes at different salt concentrations 

Genotypes 
Root length (mm) at different  salt concentrations 

0 dS m-1 5 dS m-1 10 dS m-1 15 dS m-1 20 dS m-1 
SATYN-22 129.1   d 87.67    g-i 36.23    l 27.69   o 0.00     s 
SATYN-15 120.5   ef 84.47    ij 42.41    ij 50.85   g 34.20   e 
SATYN-21 119.6   f 90.40    f-h 65.87    e 58.71   e 27.33   g 
SAYYN-17 113.1   gh 109.2    d 62.87    f 53.30   fg 41.84   d 
SATYN-23 142.0    c 92.93    f 65.64    e 64.57   bc 28.96   f 
ESWYT-5 164.2    a 152.1    a 109.3    a 69.79    a 64.80   a 
SATYN-24 82.03    no 120.5    c 65.07    ef 63.37   bc 23.73    ijk 
ESWYT-6 160.29   a 150.1    a 95.48    b 65.13   b 63.72   a 
SATYN-3 115.7   fg 72.57    l 64.35    ef 28.09   no 29.42   f 
SATYN-27 89.13    lm 82.89    j 24.83    o 31.60    lm 18.80   m 
SATYN-12 13.32    p 7.83   rs 16.99    q 5.048    s 5.91   q 
SATYN-6 114.8    fg 91.67    fg 44.07    i 51.00    g 43.67   c 
SATYN-19 14.99    p 5.13     s 3.96    s 3.03    s 4.21    r 
SATYN-16 120.4    ef 107.6    d 79.40    c 60.07    de 51.33    b 
SATYN-25 121.1    gh 86.60    h-j 56.27    g 62.13    cd 0.00      s 
WICYT-7 85.33    mn 25.07    o 13.27    r 32.80    kl 16.73    n 
WICYT-9 130.8    d 14.33    p 21.27    p 30.20    mn 26.00    gh 
WICYT-28 91.07    kl 9.83      qr 41.80    ijk 24.87    p 19.07    m 
WICYT-35 95.00    jk 14.07    pq 29.67    n 43.30    i 25.07    hi 
WICYT-41 105.5    i 32.27    n 23.27    op 33.73    kl 14.80    o 
WICYT-15 116.4   fg 35.87    n 58.47    g 34.80    k 34.53    e 
WICYT-20 112.5   gh 23.53    o 70.87    d 54.87    f 34.47    e 
WICYT-25 113.3   gh 90.67    f-h 52.28    h 48.15    h 41.04    d 
WICYT-26 107.7   hi 64.00    m 41.47    jk 18.10    q 9.096    p 
SATYN-2 128.2   d 67.60    m 42.90    ij 19.65    q 22.93    jkl 
SATYN-10 99.27    j 63.67    m 33.80    lm 40.60     j 24.20    ij 
SATYN-14 126.7   d 74.00    kl 35.47    l 20.00    q 26.53    gh 
SATYN-20 77.53   o 18.07    p 14.28    r 10.07    r 6.520    q 

BARI GOM 25 91.13   kl 77.20    k 32.17    m 28.40    no 22.50    kl 
BARI GOM 26 128.3   d 99.47    e 58.40    g 24.60    p 22.88    jkl 
BARI GOM 27 125.3   de 82.40    j 39.53    k 26.07    op 22.08    l 
BARI GOM 28 150.9   b 138.3   b 94.6    b 68.59    a 63.68   a 
BARI GOM 29 138.3   c 94.56   f 25.15    o 20.33    q 6.420    q 

LSD (0.05) 5.66 4.45 2.50 2.46 1.54 
CV (%) 4.18 4.96 4.27 5.27 4.81 

Values having same letter(s) do not differed significantly by least significant difference (LSD) at 5% level 
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3.4. Shoot Dry Weight 
Salinity level had highly significant influence on shoot dry 

weight of different wheat genotypes (Table 5). ESWYT-5, 
ESWYT-6 and BARI GOM 28 wheat genotypes showed 
consistently slower reduction for shoot dry weight with the 
increasing of salinity levels. Maximum shoot dry weight was 
reported from ESWYT-5 genotypes followed by ESWYT-6 
and BARI GOM 28 at all the NaCl concentrations whereas 

SATYN-22 and SATYN-12 wheat genotypes showed more 
sensitivity to salinity stress condition and produced lowest 
shoot dry weight. At 20 dSm-1 salt concentration, SATYN-22 
and SATYN-12 wheat genotypes did not survive. Therefore, 
ESWYT-5, ESWYT-6 and BARI GOM 28 wheat genotypes 
showed promising performance against salinity stress 
condition in terms of shoot dry weight. 

Table 5.  Effect of salinity level on shoot dry weight of different wheat genotypes at different salt concentrations 

Genotypes 
Shoot dry weight (mg) at different salt concentrations 

0 dS m-1 5 dS m-1 10 dS m-1 15 dS m-1 20 dS m-1 
SATYN-22 6.42    p 5.44  q 3.65   t 2.54  o 0.00  w 
SATYN-15 7.46    l-n 7.26  mn 6.49   o 3.76  m 3.11  rs 
SATYN-21 7.89   k-m 7.42  lm 7.51   i-k 6.72  f 5.17  i-k 
SAYYN-17 7.97    kl 7.55  lm 7.57   h-j 6.83  f 4.90   j-m 
SATYN-23 7.55  lmn 6.64  op 4.92   rs 3.98   m 3.53  p-r 
ESWYT-5 16.64   a 13.90  a 13.07  a 11.30 a 9.18  a 
SATYN-24 6.60    op 5.31   qr 5.11   qr 6.78   f 6.50  de 
ESWYT-6 15.73   b 13.25  b 12.46  b 10.46 b 8.53  b 
SATYN-3 9.43    i 7.33   mn 5.28   qr 5.23   k 4.47  mn 

SATYN-27 7.35   mn 6.74  o 6.53   o 5.56   ij 4.76  k-m 
SATYN-12 6.03   p 3.12  t 3.62   t 2.62   o 2.28  uv 
SATYN-6 7.70   lm 6.31  op 7.95   e-h 7.80   e 6.31  ef 

SATYN-19 7.87   k-m 6.21  p 7.33   j-l 6.91   f 6.28  ef 
SATYN-16 8.37   jk 8.13  jk 8.15   ef 6.71   f 4.81   j-m 
SATYN-25 7.50   l-n 7.55  lm 6.78  m-o 5.71   hi 0.00  w 
WICYT-7 13.47  ef 10.98 ef 8.30  e 8.12   d 6.93  cd 
WICYT-9 11.85  gh 9.92   g 7.11  k-m 5.35   jk 2.62  tu 

WICYT-28 11.46  h 3.81   s 3.43  t 3.15   n 3.37  q-s 
WICYT-35 7.06   no 4.84   r 4.61  s 3.87   m 4.21  no 
WICYT-41 9.03   i 7.93   kl 7.84  f-i 6.05   g 5.64  gh 
WICYT-15 11.95  gh 9.21   h 6.67  no 6.92   f 5.25  h-j 
WICYT-20 13.77  de 11.33  de 7.59  h-j 5.50   i-k 5.07  i-l 
WICYT-25 14.96  c 12.23  c 7.08  l-n 5.94   gh 2.03  v 
WICYT-26 12.92  f 11.61  d 7.37  j-l 6.75   f 5.89  fg 
SATYN-2 15.09  c 8.82   hi 6.42  o 3.31   n 3.65  pq 

SATYN-10 13.73  de 10.72  f 8.01  e-g 6.79   f 5.52  g-i 
SATYN-14 14.25  d 11.52  d 8.79  d 6.71   f 5.14   i-k 
SATYN-20 12.30  g 8.68   i 5.72  p 4.79   l 4.67  l-n 

BARI GOM 25 13.62  e 8.93  hi 5.20  qr 3.11   n 2.97  st 
BARI GOM 26 8.94   ij 6.83  no 5.13  qr 4.88   l 3.86  op 
BARI GOM 27 11.48  h 8.56   ij 7.72  g-j 7.69   e 7.34  c 
BARI GOM 28 15.48  bc 12.63  c 9.87  c 8.85   c 8.31  b 
BARI GOM 29 12.31  g 9.76  g 5.49  pq 3.08   n 2.30  uv 

LSD (0.05) 0.61 0.52 0.41 0.31 0.46 
CV (%) 4.53 4.86 4.72 4.24 7.89 

Values having same letter(s) do not differed significantly by least significant difference (LSD) at 5% level 

 
 
 

 



242 Screening of Salt Tolerance Capability of Wheat Genotypes under Salt Stress Condition  
 

Table 6.  Effect of salinity level on root dry weight of different wheat genotypes at different salt concentrations 

Genotypes 
Root dry weight (mg) at different salt concentrations 

0 dS m-1 5 dS m-1 10 dS m-1 15 dS m-1 20 dS m-1 
SATYN-22 6.39    l 6.44  g 1.61    q 2.80    o 0.00   w 
SATYN-15 4.30    r 5.62   j 3.49    m 4.61   g 5.63   f 
SATYN-21 4.81    pq 4.95   lm 4.69    j 2.36   p 1.83   tu 
SAYYN-17 5.16    op 6.75   f 4.88    ij 4.17   hi 2.77   n 
SATYN-23 5.18    op 5.05   k-m 4.21    kl 4.37   h 2.55   op 
ESWYT-5 16.16  a 13.65  a 11.71  a 10.45  a 8.59   a 
SATYN-24 4.81    pq 5.67   j 5.35    gh 4.02   ij 4.13   i 
ESWYT-6 15.37  b 13.70 a 11.60   a 10.09  b 8.48   a 
SATYN-3 6.05    lm 4.43   o 3.99    l 4.11   ij 2.37   pq 

SATYN-27 5.69    mn 5.77   ij 2.16    p 3.96   i-k 2.11   rs 
SATYN-12 3.83    s 3.44   pq 3.10    no 3.57    l-n 5.88  de 
SATYN-6 4.67    qr 3.74   p 4.86     ij 3.38    n 3.72   j 

SATYN-19 2.64    t 1.58   s 1.55    q 1.16    t 1.15   v 
SATYN-16 5.31    no 5.29   k 4.30    k 3.49    mn 3.36   lm 
SATYN-25 4.67    qr 5.64   j 5.37    g 3.94    jk 3.52   kl 
WICYT-7 3.53    s 2.02   r 5.84    f 2.07   q 0.00   w 
WICYT-9 7.45    ij 4.19   o 3.59    m 5.14    f 6.05   cd 

WICYT-28 8.79    g 4.49   no 5.97    f 5.71    e 6.07   c 
WICYT-35 7.67    ij 5.25   kl 4.41    k 6.95    d 4.09   i 
WICYT-41 11.07  e 8.82   b 6.79   d 7.95    c 6.27   b 
WICYT-15 8.88    g 6.87   d-f 5.16    gh 5.63    e 5.29   g 
WICYT-20 7.78    i 4.75   mn 5.07    hi 4.35    h 1.99   st 
WICYT-25 11.85  d 6.85   ef 3.32    mn 2.34    p 1.99   st 
WICYT-26 13.05  c 7.16   cd 7.33    c 3.77    kl 3.19   m 
SATYN-2 9.68    f 6.10   h 6.35    e 3.62    lm 3.64   jk 

SATYN-10 6.85    k 7.28   c 4.74    j 5.24    f 2.65   no 
SATYN-14 8.31    h 7.09   c-e 3.03   o 3.02   o 2.51   op 
SATYN-20 5.21    o 3.52   pq 2.11   p 1.82    r 1.20   v 

BARI GOM 25 5.09    op 6.06   hi 4.20   kl 3.95    i-k 2.28   qr 
BARI GOM 26 7.67    ij 6.59   fg 6.57   de 3.52    mn 4.88   h 
BARI GOM 27 6.80    k 6.58   fg 3.59   m 1.32    st 1.77   u 
BARI GOM 28 15.08  b 12.15  b 10.67  b 10.30  a 8.41   a 
BARI GOM 29 7.37    j 3.43   q 1.92   p 1.46    s 1.17   v 

LSD (0.05) 0.39 0.30 0.28 0.22 0.19 
CV (%) 4.2 4.35 4.64 4.17 4.31 

Values having same letter(s) do not differed significantly by least significant difference (LSD) at 5% level 

3.5. Root Dry Weight 

Root dry weight of wheat genotypes severely affected by 
different salt concentrations (Table 6) with some exceptions 
of ESWYT-5, ESWYT-6 and BARI GOM 28 wheat 
genotypes. Root dry weight ranged from 16.16, 13.65, 11.71 
and 10.45 mg in ESWYT-5 to 2.64, 1.58, 1.55 and 1.16 mg 
in SATYN-19 wheat genotypes at 0, 5, 10 and 15 dSm-1 
salinity levels, respectively were found. At 20 dSm-1 salt 
concentrations ESWYT-5, ESWYT-6 and BARI GOM 28 
produced the maximum root dry weight (8.59, 8.49 and 8.41 
mg, respectively) and 0.00 mg root dry weight was found for 
both SATYN-22 and SATYN-12 wheat genotypes. In 
criteria for screening salt tolerance wheat genotype 

ESWYT-5, ESWYT-6 and BARI GOM 28 wheat genotypes 
exhibited better tolerance against salt affected conditions 
irrespective of root dry weight. Dry weight is the 
consequence of plant physiological and biological activity. 
Under salt stress condition marked reduction was observed 
of this parameter Akbarimoghaddam et al. [3], Bhatti et al. 
[11] and Rumena [36]. It has been found that under stress 
condition photosynthetic rate is reduced markedly, spent 
huge energy in salt removal mechanism, reduced 
transportation of compatible nutrient, arrested cell division 
and enlargement, decreased shoot length, leaf number and 
ultimately reduction of plant growth and accumulation of dry 
matter is occurred Meiri and Poljakoff-Mayber [28], Long 
and Baker [27] and Seeman and Sharkey [39]. Cherian and 
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Reddy [13] found that salt level 7.50 dSm-1 quit detrimental 
for seedling, which results about 60% reduction of dry 
weight in Suaeda nudiflora. Decreasing of plant dry matter 
indicates the increasing of salinity level Sharma [41]. In this 
present piece of work, dry weight of seedling also adversely 
affected by salinity condition. The negative impact was 
varied among wheat genotypes which indicate different 

sensitivity of wheat genotypes to salt stress.  Singh et al. 
[44]) and Moud and Maghsoudi [30] also found varied 
sensitivity of wheat genotypes on the basis of seedling 
growth in their research. Karim et al. [21] emphasizes that, 
seedling growth is one of the most important character for 
screening of salt tolerance at the early growth stage. 

Table 7.  Effect of salinity level on relative water content of different wheat genotypes at different salt concentrations  

Genotypes 
Relative water content (%) at different salt concentrations 

0 dS m-1 5 dS m-1 10 dS m-1 15 dS m-1 20 dS m-1 

SATYN-22 85.30   c-f 87.86   ab 85.29   cd 65.48   h 0.00    s 

SATYN-15 59.51   l 54.46   m 73.13   h-k 53.5    l 57.29   lm 

SATYN-21 83.42   ef 75.40   gh 79.63   e-g 69.02   fg 69.17  fg 

SAYYN-17 66.87   k 78.61   e-g 72.17   i-l 78.13   c-e 79.33   bc 

SATYN-23 84.89   d-f 75.13   gh 69.66   k-n 53.90   l 64.11  h-j 

ESWYT-5 89.80   a 90.60   a 92.54   a 83.48   a 87.39  a 

SATYN-24 83.96   ef 80.00   d-f 71.16   j-m 76.52   de 62.22  i-k 

ESWYT-6 89.55   ab 90.20   a 92.17   ab 82.21   ab 87.21  a 

SATYN-3 72.14   ij 70.46   i 77.01   f-h 54.79   kl 53.92  m 

SATYN-27 88.39   a-d 76.87   fg 55.09   r 61.12   i 60.75  j-l 

SATYN-12 74.81  hj 81.69   de 73.36   h-k 67.69   f-h 68.92  fg 

SATYN-6 78.91   gh 82.06   c-e 75.69   g-i 71.04   f 70.75  ef 

SATYN-19 78.47   gh 76.89   fg 74.18   h-j 77.16   de 80.54  b 

SATYN-16 76.22   hi 82.42   cd 80.03  ef 58.72   ij 65.53  g-i 

SATYN-25 87.18   a-e 87.23   ab 85.88   cd 81.41   a-c 76.12 cd 

WICYT-7 82.41   fg 65.16    j 40.03   u 60.08   ij 0.00   s 

WICYT-9 86.59   a-f 61.48   k 63.57   op 61.56   i 61.92  i-k 

WICYT-28 89.08   a-c 58.53   kl 38.21   u 29.28   o 43.62  p 

WICYT-35 85.42   b-f 39.88   o 65.82   n-p 71.19   f 27.86  r 

WICYT-41 85.31   c-f 24.96   p 61.70   pq 58.10   i-k 44.80  op 

WICYT-15 71.91   j 60.01   k 46.53   st 74.96   e 66.38  gh 

WICYT-20 72.23   ij 55.08   lm 87.99   bc 67.09   gh 78.56  bc 

WICYT-25 78.73   gh 51.63   m 67.63   m-o 56.57    j-l 59.66  kl 

WICYT-26 78.61   gh 58.61   kl 68.71   l-n 35.85   n 46.79  n-p 

SATYN-2 72.31   ij 69.32   i 62.21   pq 37.06   n 47.46  no 

SATYN-10 86.04   a-f 85.42   bc 50.09   s 54.96   kl 35.51  q 

SATYN-14 86.34   a-f 71.05   i 58.75   qr 30.01   o 49.09  n 

SATYN-20 42.44   m 44.18   n 44.81   t 46.99   m 35.45  q 

BARI GOM 25 78.04   h 78.53   e-g 72.39   i-l 67.81   f-h 73.81  de 

BARI GOM 26 78.78   gh 85.39   bc 82.93   de 81.57   ac 72.94  de 

BARI GOM 27 76.32   hi 72.56   hi 71.56   i-m 78.91   b-d 74.59  d 

BARI GOM 28 89.15   a-c 89.89   a 90.91   ab 81.96   ab 86.64  a 

BARI GOM 29 72.94   ij 54.58   m 59.23   qr 67.77   f-h 66.37   

LSD (0.05) 4.18 3.64 4.24 3.51 3.69 

CV (%) 4.22 4.14 4.88 4.42 5.08 

Values having same letter(s) do not differed significantly by least significant difference (LSD) at 5% level 

 



244 Screening of Salt Tolerance Capability of Wheat Genotypes under Salt Stress Condition  
 

3.6. Relative Water Content 

Relative water content (RWC) could be the perfect most 
indicator of plant hydrologic condition as it denotes the 
physiological consequences of cellular water deficit. Water 
potential that possess the energy status of plant water which 
is effective for the transportation of water in the 
soil-plant-atmosphere chain. A wide range of statistical 
difference was observed for relative water content of wheat 
genotypes under different salt concentrations (Table 7). The 
relative water content ranged from 89.80, 90.60, 92.54 and 
83.48% in ESWYT-5 to 42.44% in SATYN-20; 24.96% in 
WICYT-41; 38.21 and 29.28% in WICYT-28 were recorded 
at 0, 5, 10 and 15 dSm-1, respectively. ESWYT-6 and BARI 
GOM 28 showed similar trend with ESWYT-5 in most of the 
salinity levels. At maximum salinity level (20 dSm-1) relative 
water content ranged from 87.39% in ESWYT-5 to 0 % in 

SATYN-22 and WICYT-7, respectively were found. 
ESWYT-5, ESWYT-6 and BARI GOM 28 wheat genotypes 
exhibited much better performance against different salt 
concentrations for relative water content. Under salt stress 
condition tolerance plant can grow vigorously, minimize the 
salt uptake and maximize potential salt load per unit area by 
their compartmentalization technique and provide better 
water use efficiency thus plant growth not hampered Flower 
et al. [18]. Salt tolerance cultivar may be defined as the plant 
which has the capacity to grow under low water potential. In 
this point of view, high relative water content is one of 
tolerance technique to stress condition Sinclair and Ludlow 
[43]. Similar finding was reported by Sairam et al. [37] who 
reported that under salt stress condition, relative water 
content higher in salt tolerant cultivar than the sensitive one. 

Table 8.  Effect of salinity level on water saturation deficit of different wheat genotypes at different salt concentrations  

Treatment 
Water saturation deficit at different salt concentrations 

0 dS m-1 5 dS m-1 10 dS m-1 15 dS m-1 20 dS m-1 
SATYN-22 14.70   kl 12.14   q 14.71   r 34.52    k 0.00     s 
SATYN-15 40.49    b 45.54   e 26.87   lm 57.30    c 20.67   q 
SATYN-21 16.58    hi 24.60   lm 20.37   p 30.98    lm 30.83   n 
SAYYN-17 10.20    q 21.39   n 27.83   kl 21.87    o 42.71   g 
SATYN-23 15.11    jk 24.87   l 30.34   ij 46.10    e 35.89   kl 
ESWYT-5 10.20   q 9.40     r 7.46     t 16.52    q 12.61   r 
SATYN-24 16.04    ij 20.00   n 28.84   jk 23.48    no 37.78   i-k 
ESWYT-6 10.45    pq 9.80    r 7.83     t 17.79   q 12.79   r 
SATYN-3 27.86   d 29.54    ij 22.99   o 45.21   ef 46.06   f 

SATYN-27 11.61   op 23.13   m 44.91   d 53.01   d 39.25   hi 
SATYN-12 10.45   pq 18.31   o 26.64   lm 32.31   kl 31.08   n 
SATYN-6 21.09   g 17.94   o 24.31   no 28.96   m 29.25   n 

SATYN-19 21.53   g 23.11  m 25.82   mn 22.84   no 19.46   q 
SATYN-16 23.78   f 17.58   o 19.97   p 41.28   g-i 34.47   lm 
SATYN-25 12.82   no 12.77   q 14.12   r 18.59   pq 23.88   p 
WICYT-7 17.59   h 34.84   h 59.97   a 39.92   h-j 0.00    s 
WICYT-9 13.41   mn 38.52   g 36.43   f 38.44   j 38.08   ij 

WICYT-28 10.92   pq 56.32   c 61.72   a 70.72   a 56.38   c 
WICYT-35 14.58   k-m 60.52   b 55.19   b 28.81   m 72.14   a 
WICYT-41 14.69   kl 75.04   a 38.30   f 41.90   gh 55.20   cd 
WICYT-15 28.09   d 39.99   fg 53.47   b 25.04   n 33.62   m 
WICYT-20 33.13    c 44.92   e 12.01   s 32.91   kl 21.44   q 
WICYT-25 25.19    e 55.82   c 32.37   gh 43.43   fg 40.34   h 
WICYT-26 21.39   g 41.40   f 31.29   hi 64.15   b 53.21   de 
SATYN-2 27.69   d 30.68   i 37.79   f 62.94   b 52.54   e 

SATYN-10 13.96   k-n 14.58   p 49.91   c 45.04   ef 64.49   b 
SATYN-14 13.66   l-n 28.95   jk 41.25   e 69.99   a 51.91   e 
SATYN-20 57.56   a 48.37   d 34.19   g 38.88   ij 36.15   j-l 

BARI GOM 25 21.96   g 21.47   n 27.61   k-m 32.19   kl 26.19  o 
BARI GOM 26 21.22   g 9.804   r 17.07   q 18.43   q 27.06  o 
BARI GOM 27 23.68   f 27.43   k 28.44   j-l 21.09   op 25.41  op 
BARI GOM 28 10.85   pq 10.11   r 9.09     t 18.04   q 13.36   r 
BARI GOM 29 27.06   d 45.42   e 40.77   e 32.23   kl 33.363  m 

LSD (0.05) 1.26 1.61 1.95 2.53 2.10 
CV (%) 4.83 4.26 5.1 5.49 5.11 

Values having same letter(s) do not differed significantly by least significant difference (LSD) at 5% level 
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3.7. Water Saturation Deficit 

The amount of water vapor needs to be increased in the air 
to attain a saturation point without disturbing the 
environmental condition (temperature and pressure) is called 
water saturation deficit. It is opposite to relative water 
content. Salinity level had highly significant influence on 
water saturation deficit among different wheat genotypes 
(Table 8). The result revealed that, water saturation deficit 
ranged from 57.56 in SATYN-20, 75.04 in WICYT-41, 
61.72 and 70.72 in WICYT-28 to 10.20, 9.40, 7.46 and 16.52 
in ESWYT-5 at 0, 5, 10 and 15 dSm-1, respectively were 
observed. At 20 dSm-1 the maximum water saturation deficit 

72.14 was observed in WICYT-35. SATYN-22 and 
WICYT-7 showed very much sensitivity to higher salt 
concentration (20 dSm-1) and those were not survived. 
Therefore, ESWYT-5, ESWYT-6 and BARI GOM 28 wheat 
genotypes exerted better tolerance against salinity condition 
in case of water saturation deficit. Due to lack of 
compartmentalization technique, the salinity sensitive 
cultivars failed to uptake enough water necessary for running 
the physiological process smoothly under salt stress 
condition, thus there was a huge water deficit occurred in 
sensitive cultivars than the tolerance cultivars. Similar result 
was reported by Baque et al. [9]. 

Table 9.  Effect of salinity level on water retention capacity of different wheat genotypes at different salt concentrations 

Genotypes 
Water retention capacity at different salt concentrations 

0 dS m-1 5 dS m-1 10 dS m-1 15 dS m-1 20 dS m-1 
SATYN-22 8.62    p 8.772  q 12.35  bc 8.53   i-k 0.00   t 
SATYN-15 12.19  ij 12.45  fg 11.28  de 9.69   f 6.85   pq 
SATYN-21 9.70    no 13.13  de 10.73  e-g 7.94   kl 10.24 e-g 
SAYYN-17 12.21  ij 11.68  hi 11.84  cd 8.99   g-i 7.81   no 
SATYN-23 9.178  op 11.25  ij 9.634  jk 9.05   g-i 7.87   m-o 
ESWYT-5 16.40  a 24.60  a 13.93  a 12.06  a 19.34   a 
SATYN-24 10.59  m 12.54  e-g 10.61  f-h 8.02   kl 8.43   k-m 
ESWYT-6 15.95  a 24.14  a 12.61  b 11.91  a 10.18  e-g 
SATYN-3 10.88  lm 13.26  d 8.95   lm 10.34  e 9.06    ij 

SATYN-27 10.16  mn 9.982  l-n 9.41   kl 9.25   f-h 6.46    q 
SATYN-12 12.92  f-i 9.700  m-o 6.70   p 10.57  de 10.44  d-f 
SATYN-6 10.69  lm 11.20  ij 9.58    jk 10.54  de 10.63   de 

SATYN-19 10.54  m 10.26  k-m 10.65  f-h 10.78  c-e 7.82    no 
SATYN-16 11.38  kl 11.16  ij 10.37  g-i 10.53  de 10.71   de 
SATYN-25 12.61  g-i 13.06  d-f 10.09  h-j 8.21    j-l 9.55    hi 
WICYT-7 13.09  d-g 9.04    o-q 6.45   pq 9.71    f 0.00    t 
WICYT-9 12.25  h-j 17.73  c 5.04   s 7.72    l 8.16    l-n 

WICYT-28 13.55  c-f 9.46   n-p 5.78   r 5.23    n 11.33   c 
WICYT-35 9.444  no 11.01  ij 5.80   r 6.81    m 5.46    r 
WICYT-41 13.76  cd 5.82    t 6.94   op 5.07    n 4.79    s 
WICYT-15 13.43  c-f 7.022  r 8.26   n 6.83    m 7.36   op 
WICYT-20 10.87  lm 6.338  st 8.54   mn 9.19    f-h 6.36    q 
WICYT-25 10.84  lm 8.792  pq 5.96   qr 8.74    h-j 8.84    jk 
WICYT-26 11.80  jk 12.26  gh 6.62   p 6.32    m 9.03    ij 
SATYN-2 11.82  jk 11.22  ij 7.42  o 5.60    n 9.69    gh 

SATYN-10 9.28    op 17.18  c 9.66   jk 6.862  m 8.73    j-l 
SATYN-14 11.75  jk 6.80    rs 6.47   pq 8.76    h-j 8.27    k-n 
SATYN-20 9.538  no 7.22    r 4.92   s 10.8    c-e 9.55    hi 

BARI GOM 25 12.97  e-h 13.22  d 11.94   c 11.28  bc 9.68    gh 
BARI GOM 26 14.15  bc 10.58   j-l 10.96  ef 9.58    fg 10.04  f-h 
BARI GOM 27 12.66  g-i 12.11  gh 9.17   kl 10.99  b-d 10.82  cd 
BARI GOM 28 14.87  b 21.23  b 12.11  bc 11.50  ab 15.78   b 
BARI GOM 29 13.68  c-e 10.85  jk 10.03  ij 9.65    f 8.14  mn 

LSD (0.05) 0.75 0.68 0.58 0.60 0.58 
CV (%) 5.07 4.69 5.05 5.36 5.47 

Values having same letter(s) do not differed significantly by least significant difference (LSD) at 5% level 
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3.8. Water Retention Capacity 

The amount of water useful for crop hold by the crop plant 
is the water retention capacity. Different salt concentrations 
significantly influenced water retention capacity of wheat 
genotypes (Table 9). Highest water retention capacity ranged 
from 16.40, 24.60, 13.93, 12.06 19.34 in ESWYT-5 to 8.62 
in SATYN-22, 5.82 in WICYT-41, 4.92 in SATYN-20, 5.07 

in WICYT-41 and 0 in both SATYN-22 and WICYT-7 at 0, 
5, 10, 15 and 20 dSm-1, respectively were observed. The 
tolerance cultivars have the capacity to uptake water under 
salt stress condition than the sensitive ones and gained the 
maximum turgid weight, in consequence they gained the 
maximum water retention capacity. The result also coincides 
with the result of Sangakkara et al. [38]. 

Table 10.  Effect of salinity level on coefficient of germination of different wheat genotypes at different salt concentrations  

Genotypes 
Coefficient of germination at different salt concentrations 

0 dS m-1 5 dS m-1 10 dS m-1 15 dS m-1 20 dS m-1 
SATYN-22 15.89  a-h 14.33   jk 13.61  j 14.73   e-i 13.81   h-k 
SATYN-15 15.76  a-i 14.84   g-jk 14.14  g-j 15.01   e-i 12.97   k 
SATYN-21 16.04  a-f 15.43   d-i 14.58  d-j 15.57   b-e 13.45   i-k 
SAYYN-17 15.35  d-k 15.02   f-j 14.06  h-j 14.43   g-j 14.14   f-i 
SATYN-23 15.43  c-k 15.43   d-i 14.13  g-j 14.91   e-i 13.89   g-k 
ESWYT-5 16.56  a 16.68   a 16.48  a 16.78   a 17.33   a 
SATYN-24 15.26  f-k 15.00   f-k 15.09  c-g 14.76   e-i 14.27   e-i 
ESWYT-6 16.53  a 16.63   ab 16.47  a 16.59  a 16.69   ab 
SATYN-3 15.64  a-j 14.89   g-k 14.68  d-i 14.17   ij 13.88   g-k 
SATYN-27 15.30  e-k 13.98   k 14.13  g-j 14.14   ij 14.59   e-h 
SATYN-12 15.77  a-i 14.67   i-k 13.71  ij 14.82  e-i 14.46   e-h 
SATYN-6 16.20  a-e 15.52   c-i 14.50  e-j 15.25  c-g 14.92   d-f 
SATYN-19 16.07  a-f 14.88   g-k 14.39  f-j 14.37  g-j 14.63   e-h 
SATYN-16 15.84  a-h 14.67   i-k 14.70  d-h 14.16  ij 14.18   f-i 
SATYN-25 16.01  a-g 15.26   e-j 14.56  e-j 14.21  h-j 14.06   f-j 
WICYT-7 16.11  a-f 16.26   a-e 14.74  d-h 14.63   f-i 14.02   f-j 
WICYT-9 16.26   a-d 15.61   b-i 16.24  ab 14.63   f-i 16.51   ab 
WICYT-28 16.06   a-f 14.90   g-k 16.29  ab 15.09  d-h 16.39   ab 
WICYT-35 15.84  a-h 15.79   a-g 14.35  f-j 13.67   j 16.40   ab 
WICYT-41 15.07  h-k 16.23   a-e 15.17  c-f 15.98  a-d 14.81   d-g 
WICYT-15 16.14  a-f 16.43   a-d 16.22  ab 16.51  a 16.50   ab 
WICYT-20 16.21  a-e 16.01   a-f 16.26  ab 16.58  a 16.08   bc 
WICYT-25 15.31  e-k 15.00   f-k 15.95  a-c 16.37  ab 16.29   b 
WICYT-26 15.47  b-j 15.70   a-h 15.92  a-c 15.99  a-d 15.24   c-e 
SATYN-2 16.36  a-c 16.45   a-d 16.46  a 16.22  ab 16.13   bc 
SATYN-10 15.85  a-h 16.00   a-f 16.17  ab 16.04  a-c 15.78   b-d 
SATYN-14 15.58   b-j 15.40   e-i 15.55  a-d 15.51   b-f 16.09   bc 
SATYN-20 15.59   b-j 15.26   e-j 15.43  b-e 16.02   a-c 14.27   e-i 

BARI GOM 25 14.89   i-k 14.74   h-k 13.98  h-j 13.68   j 13.15    jk 
BARI GOM 26 15.11   g-k 14.92   g-k 14.28  f-j 14.78   e-i 14.72    e-h 
BARI GOM 27 14.77   jk 14.62    i-k 14.87  d-h 14.42   g-j 14.36    e-i 
BARI GOM 28 16.40  ab 16.50   a-c 16.44  a 16.63  a 16.67   ab 
BARI GOM 29 14.52   k 14.84    g-k 14.27  f-j 14.34   h-j 14.49   e-h 

LSD (0.05) 0.93 1.02 0.97 0.90 0.99 
CV (%) 4.72 5.31 5.15 4.7 5.28 

Values having same letter(s) do not differed significantly by least significant difference (LSD) at 5% level 
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3.9. Coefficient of Germination 

Salinity levels significantly influenced the coefficient of 
germination of wheat genotypes (Table 10). Maximum  
coefficient of germination ranged from 16.56, 16.68, 16.48 
16.78 and 17.33 in ESWYT-5 to 14.52 in BARI GOM 29, 
13.98 in SATYN-27, 13.61 in SATYN-22, 13.67 in 
WICYT-35 and 12.97 in SATYN-15 at 0, 5, 10, 15 and 20 

dSm-1, respectively were recorded. The reduction of 
germination rate with the increasing of salt concentration 
occurred for salt sensitive cultivars which caused reduction 
of coefficient of germination under salt stress condition. 
Similar results were reported by Akbarimoghaddam et al. [3], 
Datta et al. [17], Mujeeb-ur-Rahman et al. [31], Rahman et 
al. [34], Singh et al. [44] and Mirza and Mahmood [29]. 

Table 11.  Effect of salinity level on vigor index of different wheat genotypes at different salt concentrations  

Genotypes 
Vigour index at different salt concentrations 

0 dS m-1 5 dS m-1 10 dS m-1 15 dS m-1 20 dS m-1 
SATYN-22 213.7   ij 152.7   gh 39.11   rs 60.41    j 0.00    q 
SATYN-15 251.0   b-d 170.7   e 73.32   jk 119.6   c 42.59  i 
SATYN-21 223.2   g-i 195.7   d 141.3   d 103.4   e 46.09  h 
SAYYN-17 191.8   m 137.1   i 81.85   i 61.02    j 24.69  o 
SATYN-23 246.9   c-e 173.5   e 109.2   f 98.76   ef 32.39  kl 
ESWYT-5 270.5   a 287.7   a 210.5   a 155.78 a 164.8  a 
SATYN-24 179.7   n 195.0   d 124.1   e 113.1   d 82.13  d 
ESWYT-6 270.7   a 252.6   b 205.57 a 152.7   a 162.89 a 
SATYN-3 167.1   o 103.8   k 46.18   pq 28.62   pq 26.15  no 
SATYN-27 163.6   o 133.5   i 39.40   rs 33.58   p 16.61   p 
SATYN-12 107.5   q 85.51   lm 68.96   kl 47.17   no 33.35  jkl 
SATYN-6 238.6   ef 175.1   e 97.68  gh 93.83   fg 28.37  mn 
SATYN-19 127.1   p 115.6   j 77.83   ij 43.04   o 62.47  f 
SATYN-16 222.4   hi 196.8  d 137.5   d 92.55   gh 71.54  e 
SATYN-25 202.3   k-m 207.9  c 99.30   g 88.15   hi 0.00    q 
WICYT-7 207.4   j-l 66.51  o 12.70   u 55.18   kl 14.33   p 
WICYT-9 239.9   d-f 53.43  p 36.08   s 59.54   jk 46.87   h 
WICYT-28 213.5   i-k 42.32  q 71.71   jk 50.39   l-n 27.87   no 
WICYT-35 216.1   ij 23.40  st 47.49   op 86.35   i 36.47   j 
WICYT-41 234.0   fg 91.82  l 58.93   mn 100.9   e 31.34   lm 
WICYT-15 207.6   j-l 75.67  no 74.44   jk 52.59   lm 48.05   h 
WICYT-20 231.5   f-h 47.51  pq 147.9   c 98.35   ef 53.62   g 
WICYT-25 120.4   p 32.60  r 43.47   p-r 13.22   s 16.00   p 
WICYT-26 240.6   d-f 147.1  h 63.33   lm 45.97   no 96.80  c 
SATYN-2 248.8   c-e 161.1  fg 71.60   jk 22.76   r 24.51   o 
SATYN-10 216.3   ij 169.2  ef 53.58   no 63.01   j 34.92   jk 
SATYN-14 197.9   lm 131.2  i 48.19   op 16.64   s 27.77   no 
SATYN-20 68.94   s 16.64  t 7.654   u 6.268   t 1.790   q 

BARI GOM 25 91.00   r 81.09  mn 23.52   t 23.74   qr 15.60   p 
BARI GOM 26 234.1   fg 189.6  d 92.54   h 48.75   mn 52.66   g 
BARI GOM 27 258.0   bc 130.2  i 40.07   qrs 13.74   s 16.49   p 
BARI GOM 28 262.0   ab 244.6  b 163.3   b 134.6   b 105.3   b 
BARI GOM 29 95.81   r 32.16  rs 7.186   u 5.544   t 1.688   q 

LSD (0.05) 11.38 9.17 6.40 5.1 3.34 
CV (%) 4.51 5.6 6.66 6.58 6.88 

Values having same letter(s) do not differed significantly by least significant difference (LSD) at 5% level  
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3.10. Vigour Index 

Salinity levels significantly affected vigour index among 
different wheat genotypes (table 11). The magnitude of 
reduction of vigour index was slow in case of ESWYT-5 
followed by ESWYT-6 and BARI GOM 28ie.they hold a 
consistently decreasing trend but most of wheat genotypes 
exerted rapid reduction of vigour index with the increasing of 
salinity level. ESWYT-5 scored the maximum vigour index 
(287.70, 210.5, 155.78 and 164.80 at 5, 10, 15 and 20 dSm-1, 
respectively) but at control ESWYT-6 scored the maximum 
vigour index (270.70) which showed similarity with 
ESWYT-5 and BARI GOM 28 at control. On the other hand 
the minimum vigour index were recorded from SATYN-20 
(68.94, 16.64 at 0, 5 dSm-1, respectively). BARI GOM 29 
scored 7.19 and 5.54 vigour index at 10 and 15 dSm-1, 
respectively. At 20 dSm-1 SATYN-22 and SATYN-25 wheat 
genotypes did not survive. Irrespective of vigour index, 
WICYT-7, SATYN-20 also showed sensitivity to salt stress 
condition. The higher vigour index attributed to higher 
germination rate and seedling length for salt tolerance 
cultivars. On the other hand the sensitive ones had the lower 
germination rate and seedling length, ultimately had a lower 
vigour index. Similar results were reported by Moud and 
Maghsoudi [30], Singh et al. [44] and Karim et al. [21]. 

4. Conclusions 
Considering the above results obtaining from the present 

piece of work it may be concluded that among 33 wheat 
genotypes ESWYT-5, ESWYT-6 and BARI GOM 28 wheat 
genotypes were salt tolerance which were attributed to 
higher germination rate, shoot length, root length, shoot dry 
weight, root dry weight, relative water content, water 
retention capacity, coefficient of velocity and vigor index 
and rest of the wheat genotypes found to be moderately to 
strongly sensitive to salt stress. 
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Abstract  Pre-sowing seed treated with Polyethylene 
Glycol (PEG) assumed to be a potential priming agent to 
increase the germination, seedling growth and water 
relation behavior of grain. With this view, a lab 
investigation was carried out to find out the effect of 
various PEG concentrations on the germination, seedling 
growth and water relation behavior of wheat. Seeds of 
ESWYT-5, ESWYT -6 and ESWYT-7 wheat genotypes 
and BARI Gom 28 were pre-soaked in water with 0%, 5%, 
10%, 15% and 20% PEG solutions. Results of the study 
revealed that seed priming enhanced germination, seedling 
growth and water relation behavior of wheat genotypes. 
Among four wheat genotypes, ESWYT-5 performed the 
best regarding germination, seedling growth and water 
relation behavior where wheat genotypes ESWYT-6 and 
BARI Gom 28 performed moderately and ESWYT-7 
showed consistently poor performance. All the characters 
showed the best results when wheat seeds treated with 10% 
PEG solution compared to nonprime and hydro primed 
seeds and the value decreased gradually with increasing 
PEG concentration. These results suggest that seed priming 
had significant effect to boost the germination, seedling 
growth and water relation behavior of wheat genotypes. 

Keywords  Germination, Seedling Growth, Water 
Relation Behavior, Polyethylene Glycol, Osmo Priming 
and Hydro Priming 

1. Introduction
Wheat (Triticum aestivum L.), one of the most 

significant staples food crop, it accounts for about 20% of 
the human food supply and is cultivated on approximately 
215 million hectors globally WHEAT [1]. Like other living 
organisms, the creation of defense mechanism under stress 

condition is a natural phenomenon of the plant, and that is 
why the yield of crops decreases but helps to enhance the 
seed quality Quamruzzaman et al. [2]. Despite the some 
positive impact of stress but it is not suitable for on seed 
germination, especially for salt and drought stress. And for 
this reason, seed priming is considered as an effective 
means to enhance stress tolerance capability of plant under 
adverse conditions (especially salinity and drought). Seed 
priming is a new innovative technique by which some 
physiological changes are gained into target grain with the 
use of natural and synthetic compounds prior to 
germination Seed priming is the induction of a particular 
physiological state in plants by the treatment of natural and 
synthetic compounds to the seeds before germination. The 
physiological condition of plants in which plants can faster 
or better activate defense responses or both is called the 
primed condition of the plant Beckers and Conrath, [3]. It 
optimizes seed performance by rapid and uniform 
germination, healthy and vigorous seedlings growth 
reaching a physiological condition resulted in faster and 
better germination and the emergence of different crops 
Basra et al. [4], Cantliffe [5], Powell et al. [6] and Taylor et 
al. [7]. Primed seedling can produced normal seedling 
under stress condition. Carbineau and Come [8] and Ashraf 
and Foolad [9] reported that, under stress condition primed 
seedling able to grow normally without any disturbance. 

Priming allows some of the metabolic processes 
essential for germination to occur without germination take 
place. During priming, seeds are drenched in various 
priming solutions. Thus the seeds were prevented from 
absorbing enough water for radical protrusion and 
retarding the seeds in the lag phase Taylor [7]. Seed 
priming has been commonly used to minimize the time 
between seed sowing and seedling emergence and to 
ensure synchronize emergence Parera and Cantliffe [10]. 
These effects of priming are collaborated with repairing 
and building up of nucleic acids, increased synthesis of 
proteins as well as the repairing of membranes McDonald 
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[11]. Priming also enhances the activities of anti-oxidative 
enzymes in treated seeds Hsu et al. [12] and Wang et al. 
[13]. Seed priming can be carried out using different 
techniques viz. hydro-priming (soaking in distilled water), 
osmopriming (soaking in osmotic solutions such as PEG, 
potassium salts, e.g., KCl, K2SO4) and plant growth 
inducers (CCC, Ethephon, IAA) Chiu et al. [14], Capron et 
al. [15] Harris et al. [16] and Chivasa et al. [17]. Under 
osmopriming (also addressed as osmoconditioning) the 
seeds are drenched into synthetic compound like: 
polyethylene glycol (PEG), sorbitol, mannitol solution and 
let to uptake water to primary metabolic activities of 
germination process is started, and radical emergence 
occurred Ashraf and Foolad [9]. Osmopriming in the PEG 
solution allows initiating the membrane repairing systems 
and metabolic preparation for germination via controlling 
the water absorption rate of seeds Jisha et al. [18]. This 
technique is frequently used in some countries for 
vegetables and flower crops Halmer [19]. Past studies were 
evident that PEG had no toxic effect since all seeds 
germinated. Mehra et al. [20] reported that PEG molecules 
do not enter to seed and there was no toxicity of PEG. 
According to McDonald [11], primed seeds acquire the 
potentiality to rapidly imbibe and revive the seed 
metabolism thus enhancing the germination rate. 
Osmopriming and hydropriming of wheat seeds may 
improve germination and emergence Ashraf and 
Abu-Shakra [21] and may promote proliferous and 
vigorous root growth Carceller and Soriano [22]. Moreover, 
priming increases the activities of glyoxysome enzymes in 
primed bitter gourd seeds Lin and Sung [23]. Baque et al. 
[24] reported that 10% PEG was best for enhanced 
germination behavior of wheat. In many crops, 
germination and early seedling growth are the most 
sensitive stages of water deficit and the water deficit may 
delay the onset and decrease the rate and uniformity of 
germination, leading to reduced crop performance and 
yield Demir et al. [25]. Therefore, the beneficial effects of 
priming may be more evident under unfavorable rather 
than favorable conditions Parera and Cantliffe [10]. These 
phenomena have empirical agronomic inference especially 
under adverse germination state. McDonald [11]. 
Therefore, the study was carried out to find suitable 
priming agent(s) for seed industry that might be used to 
enhance the tolerance capability of plants under adverse 
field conditions for successful crop production in different 
regions especially salt and drought-prone areas in 
Bangladesh. 

2. Materials and Methods 
The experiment was carried out in the Central 

Laboratory of the Department of Agronomy, 
Sher-e-Bangla Agricultural University, Dhaka October, 
2016. The temperature and relative humidity were 
260C-330C and 55-85%, respectively during the 
experimentation period. Four wheat genotypes namely- 
BARI Gom 28, ESWYT-5, ESWYT -6 and ESWYT-7, 
screened out under salinity stress condition Hasan [26] 
were used for this experiment and were collected from seed 
technology division of Bangladesh Agricultural Research 
Institute were used as planting material. PEG and distilled 
water were used as Osmo and hydro priming agent, 
respectively in this study. To fulfill the study, growth 
chamber, electric balance, petri dish, filter paper, 
micropipette etc. equipments were used. 

5 g of PEG was dissolved in 100 ml of water to prepare  
5% solution of PEG. Similarly, 10g, 15g, 20g PEG was 
dissolved in 100 ml of water to make 10%, 15%, 20% 
solution of PEG, respectively. 

Seeds of wheat genotypes were sterilized using 2% 
Safex solution for 5 minutes, rinsed those seeds using 
distilled water and air dried at room temperature. Then the 
seeds were ready for priming treatment. 

The priming media were formulated using distilled 
water and the soaking duration was 12 h for osmo and 
hydropriming treatment. After incubation into primed 
solution seeds were air dried and placed in the petri dish. 
For each replicate, 30 seeds were placed in 12.5 cm petri 
dish on a layer of filter paper no. 102 which was previously 
moistened with 8 ml distilled water. 

The experiment was carried out following Completely 
Randomized Design (CRD) with five replications. The 
wheat genotypes were examined under six priming 
conditions (distilled water and 5%, 10%, 15%, 20% PEGs 
solution). Seeds without priming used as control. After that 
data collected on various parameters such as mean data of 
germination percentage, shoot length, root length, shoot 
dry weight, root dry weight, relative water content, water 
saturation deficit, water retention capacity, germination 
coefficient and vigor index were recorded. 

Germination was recorded one day after placing seeds 
for germination and continued up to eleven day with an 
interval of 24 hr. More than 2 mm long plumule and radicle 
seed was considered as germinated seed. 

The germination rate was calculated using following 
formula: 

Germination percentage (%) = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 Germination 
percentage (%) =𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
×100 

Germination Co- efficient (GC) was calculated using the following formula Copeland [27]: 

Germination Co- efficient (%) = 𝐴𝐴1+𝐴𝐴2+⋯+𝐴𝐴𝐴𝐴
𝐴𝐴1𝑇𝑇1+𝐴𝐴2𝑇𝑇2+⋯𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

 × 100 
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Where, 
A= Number of seeds germinated 

T= Time corresponding to A 

x= Number of days to final count 

Vigour index was calculated using following formula 
Abdul-Baki and Anderson [28]: 

Vigour index =𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇×𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆ℎ (𝑚𝑚𝑚𝑚)
100

 

At the eleventh day five seedlings of each petri dish were 
sampled. Shoot and root length of single seedling was 
measured with meter scale. Then the shoot and root of the 
seedling were dried for 48 hr then dry weight of shoot and 
root were recorded using electric balance. 

After recording the fresh weight leaf of each seedling 
place into ptridish for 24 hr then leaf soaking with distilled 
water turgid weight was recorded when it was dried for 48 
hr the dry weight was measured. 

Relative water content was measured using following 
formula Baque et al. [29]: 

Relative water content (WRC) (%) = 
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹ℎ𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡−𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑡𝑡−𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑡𝑡

 × 100 

Water saturation deficit was recorded using following 
formula Baque et al. [29]: 

Water saturation deficit (WSD) = 100- Relative water 
content 

Water retention capacity was measured following 
formula Baque et al. [29]: 

Water retention capacity (WTC) =𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑡𝑡
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑡𝑡

 

Statistical Analysis 

The data of the study were analyzed statistically 
following CRD design by MSTAT-C analysis software and 
the mean separation was done using Least Significance 
Differences (LSD) test at 1% level of probability. 

3. Result and Discussion 

3.1. Germination Percentage 

Germination percentage of wheat genotypes   
significantly is influenced by different PEG solutions (Line 
graph 1). Hydro and osmo priming solutions affected the 
germination percentage of wheat genotypes. Germination 
percentage (GP) increases with the increasing of PEG 
concentration up to 10% then there was a gradual decrease 
observed with increasing the PEG concentration. The result 
of the experiment revealed that the maximum germination 
percentage (95.30%) was recorded from wheat genotype 
ESWYT-5 (V1) with 10% PEG solution and the minimum 
germination percentage (65.90%) was recorded from 

wheat genotype ESWYT-7 (V4) with 0% PEG 
concentration (control). Among the wheat genotypes 
ESWYT-5 (V1) performed best, and ESWYT-7 (V4) 
performed the poor performance and rest of the two 
genotypes showed moderately in most of the PEG 
concentrations. The result of the experiment collaborated 
with the results of Baque et al. [24], Yagmur and Kaydan 
[30], Kaya et al. [31], Afzal [32] Afzal et al. [33], Basra et 
al. [34], Demir and Ermis [35] and Roy and Srivastava [36]. 
Basra et al. [24] and Salinas [37] reported refinement in 
germination percent, emergence and seedling standby 
using seed priming techniques. 

A wide range of biochemical changes occurred during 
seed priming which was crucial for germination, i.e., 
breaking of dormancy, hydrolysis or metabolism of 
inhibitors, imbibitions and enzymes activation Ajouri et al. 
[38]. Researcher demonstrated that the priming process 
that antedate the germination is boosted by priming and 
preserved following the re-desiccation of the seed 
Asgedom and Becker [39]. Primed seed can rapidly 
consume and resuscitate the seed metabolism, as a result 
germination percentage was increased and the 
physiological heterogeneity was triggered down Rowse 
[40]. Moreover, seed priming most likely grants some 
fix-up of damage to membrane caused by deterioration and 
resulted in better germination pattern and higher vigor level 
compared with non-primed seeds Jisha et al. [18] and Ruan 
et al. [41]. Priming showed reviving effects in the early 
stages of germination by the mediation of cell division in 
germinating seeds Hassanpouraghdam et al. [42]. Similar 
mechanisms seem to perform in the course of our 
experiments so that PEG-primed seeds resulted in higher 
germination attributes and rapid seedling growth under 
osmotic stress. Hydropriming significantly boost 
germination rate Ghassemi-Golezani et al. [43] and is a 
useful technique for optimized overall germination Maiti et 
al. [44] and these beneficial effects of hydropriming have 
been attributed to the mobilization in embryonic tissues of 
enzyme activities required for rapid seed germination and 
of compounds such as free amino acids, proteins, and 
soluble sugars from storage organs Ashraf and Foolad [9]. 
Farooq et al. [45] proposed that physiological changes 
exerted by osmohardening increased the starch hydrolysis 
and made more sugars available for embryo growth which 
enhances germination. Baque et al. [24] reported that 10% 
PEG was best for improved germination behavior of wheat. 
The report of the Sun et al. [46] revealed the compatible 
PEG concentration were 20% for Gangyou 527 (indica 
hybrid rice) and 10%-15% for Nongken 57 (conventional 
japonica rice). During germination, PEG concentration 
above the optimum level had adverse effects. Singh and 
Gill [47] reported that over-priming (KNO3) might be 
appeared toxic to primed seed due to prolonged soaking in 
primed solution (KNO3) that might have injured the 
cellular organelles. 
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Different level of PEG concentration 

Line graph 1.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the germination percentage of wheat genotypes (LDS (0.01) = 
6.92, 4.59, 7.88, 5.89, 7.19 and 6.39 at 0%, water, 5%, 10%, 15% and 20% 
PEG concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= 
BARI Gom 28 and V4= ESWYT-7 

3.2 Shoot Length 
Shoot length of wheat genotypes significantly affected 

by different PEG solutions (Line graph 2). Shoot length of 
wheat genotype increased with the increasing of PEG 
concentration up to 10%, and there was a gradual decreased 
observed with increasing the PEG concentration. The result 
of the experiment revealed that the maximum shoot length 
(168.20 mm) was recorded from wheat genotype 
ESWYT-5 (V1) with 10% PEG concentration whereas the 
minimum shoot length (108.20 mm) was recorded from 
wheat genotype ESWYT-7 (V4) with control treatment 
( non-primed seed). Wheat genotype ESWYT-6 (V2) 
performed similar with ESWYT-5 (V1) under most of the 
PEG concentrations but ESWYT-7 (V4) poorly performed 
under all the osmo and hydro priming solutions. This result 
is in agreement with the findings of several workers Baque 
et al. [24], Jisha et al [18] and Maiti et al. [11]. Rennick and 
Tiernan [48] reported that there was a rapid and more 
extended elongation of coleoptile occurred in treated seeds 
than non-treated and over primed seeds. Lee and Kim [49] 
revealed that, priming increased the metabolic activities of 
seed ultimately gained the substantial shoot length than 
nonprimed seed. Baque et al. [24] reported that the highest 
shoot length of wheat was secured when the seed primed 
with 10% PEG solution. 

 
Different level of PEG concentration 

Line graph 2.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the shoot length of wheat genotypes (LDS (0.01) = 10.54, 9.37, 
13.53, 11.62, 11.68 and 11.20 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

3.3. Root Length 

Root length of wheat genotypes significantly varied by 
different PEG solutions (Line graph 3). Root length of 
wheat genotype increased with the increasing of PEG 
concentration up to 10% and there was a gradual decreased 
with increasing the PEG concentration. The result of the 
experiment revealed that the maximum root length (158.30 
mm) was scored by ESWYT-5 (V1) with 10% PEG 
concentration whereas the minimum root length (98.46 
mm) was recorded from ESWYT-7 (V4) with control 
treatment (non-primed seed). Wheat genotype ESWYT-5 
(V1) performed the best, ESWYT-6 (V2) and BARI Gom 
28 (V3) gave intermediate results but ESWYT-7 (V4) 
consistently poor performance under all the osmo and 
hydro priming solutions. This result is in agreement with 
the findings of several workers Baque et al.[24], Jisha et al. 
[18] and Maiti et al. [11]. Experiments conducted by 
Ashraf and Abu-shakra [21] revealed that priming of wheat 
seed in osmoticum or water might improve germination 
and emergence and aggrandize vigorous root growth 
Carceller and Soriano [22] as a consequence root length of 
osmo and hydro primed seed exerted the highest length 
than non-primed seed. The considerable root length in the 
treated seeds might be due to increased metabolic activities 
in the primed seeds than non-primed Baque et al. [24] and 
Lee and Kim [23]. Jisha et al. [18] reported that overall 
growth of plants was enhanced due to the seed-priming 
treatments. Maiti et al. [44] observed that seed priming the 
seedling vigor of several vegetable crops. The priming 
techniques improved seedling growth of tomato and chili. 
Baque et al. [24] concluded that the most extended root 
length was recorded when the seed primed with 10% PEG 
solution. 

 
Different level of PEG concentration 

Line graph 3.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the root length of wheat genotypes (LDS (0.01) = 9.36, 10.78, 9.84, 
12.45, 12.77 and 13.35 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

3.4. Shoot Dry Weight 

The result of the experiment revealed that the highest 
shoot dry weight(0.052 mg) was scored by ESWYT-5 (V1) 
with 10% PEG concentration whereas the minimum shoot 
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dry weight (0.021 mg) was recorded from wheat genotype 
ESWYT-7 (V4) with 0% PEG solutions (non-primed seed) 
(Line graph 4). The result of the present study was also 
supported by the result of previous researchers Baque et al. 
[24], Khalil et al. [50], Ghassemi-Golezani et al. [43] and 
Sarwar et al. [51]. Priming presumably permitted some 
repairs of damaged to membrane caused by deterioration 
and exerted better germination pattern and higher vigor 
level than non- primed Ruan et al. [41]. Nascimento and 
West [52] mentioned minimizing of seed coat adherence 
during the emergence of muskmelon seeds. The refinement 
in germination and vigor of standard/low-vigor seed might 
be due to preserve transportation of food material, trigger 
and re-synthesis of some enzymes, DNA and RNA 
synthesis start during osmotic priming. Removing of 
obstacle speed up the germination of seed ultimately 
produced the vigorous shoot and increased shoot dry 
weight of wheat genotypes Basra et al. [4]. Khalil et al. [50] 
observed that dry matter yield increased with each 
increment of priming. Ghassemi-Golezani et al. [43] 
showed that hydro-priming significantly improved shoot 
weights and Sarwar et al. [51] reported that shoot length 
and biomass of shoots were better when treated with water 
and mannitol. Baque et al. [24] found that maximum shoot 
dry weight was recorded when the seed primed with 10% 
PEG solution compared to that of osmo and hydro primed 
seed. 

 

Different level of PEG concentration 

Line graph 4.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the shoot dry weight of wheat genotypes (LDS (0.01) = 0.01, 0.01, 
0.01, 0.01, 0.01 and 0.01 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

3.5. Root Dry Weight 

In case of root dry weight ESWYT-5 (V1) consistently 
scored the highest value and ESWYT-7 (V4) scored the 
lowest value under most of the priming treatments. The 
result of the experiment revealed that the highest root dry 
weight (0.043 mg) was observed in ESWYT-5 (V1) with  
10% PEG concentration whereas the minimum root dry 
weight (0.015 mg) was recorded in ESWYT-7 (V4) with 
control treatment (non-primed seed) (Line graph 5). The 

result of the present study is also in line with the results of 
previous researchers Baque et al. [24], Khalil et al. [50], 
Ghassemi-Golezani et al. [43] and Sarwar et al. [51]. 
Khalil et al. [50] observed that dry matter yield increased 
with each increment of priming. Ghassemi-Golezani et al. 
[43] showed that hydro-priming significantly improved 
root weights and Sarwar et al. [51] reported that root length 
and biomass of roots were better when treated with water 
and mannitol. Baque et al. [24] found that maximum root 
dry weight was recorded when the seed primed with 10% 
PEG solution. 

 

Different level of PEG concentration 

Line graph 5.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the root dry weight of wheat genotypes (LDS (0.01) = 0.01, 0.01, 
0.01, 0.01, 0.01 and 0.01 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

3.6. Relative Water Content 

RWC could be the perfect indicator of plant hydrologic 
condition as it denotes the physiological consequences of 
cellular water deficit. Water potential that possess the 
energy status of plant water which is useful for the 
transportation of water in the soil-plant-atmosphere chain. 
A wide range of statistical difference was observed for the 
relative water content of wheat genotypes under different 
PEG solutions (Line graph 6). Corresponding water 
content followed the similar trend as the previous 
parameters of wheat genotypes. The result revealed that the 
maximum relative water content (90.05%) was found from 
ESWYT-5 (V1) under 10% PEG concentration and the 
minimum relative water content (61.63%) was found from 
ESWYT-7 (V4)with 0% PEG concentration. ESWYT-5 
(V1) performed distinctly superior to ESWYT-7 (V4) where 
ESWYT-6 (V2) and BARI Gom 28 (V3) gave the 
intermediate results under all the osmo and hydro priming 
solutions. Under stress condition, osmo and hydro primed 
seedling can thrive and provide better water use efficiency 
thus plant growth not hampered than non-primed seeds 
Flower et al. [53]. A similar finding was reported by 
Sairam et al. [54].
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Different level of PEG concentration 

Line graph 6.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the relative water content of wheat genotypes (LDS (0.01) = 5.66, 
6.52, 4.76, 7.04, 4.16, 5.27 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7 

3.7. Water Saturation Deficit 

Water saturation deficit of wheat genotypes influenced 
significantly by different PEG solutions (Line graph 7). It 
followed the opposite trend compared to the previously 
described parameter, i.e., the water saturation deficit was 
maximum at 0% PEG concentration and gradually 
decreased up to 10% PEG concentration and then steadily 
increased. ESWYT-7 (V4) performed poor under all the 
PEG concentrations and scored the highest value distinctly 
under all the priming solution where ESWYT-5 (V1) 
consistently scored the minimum value for water saturation 
deficit under all osmo and hydro priming solutions. The 
highest water saturation deficit (38.37) was recorded from 
ESWYT-7 (V4) with 0% PEG solution and the lowest (9.95) 
were recorded from ESWYT-5 (V1) with 10% PEG 
solution. Due to lack of defense mechanism, the 
non-primed seedling failed to uptake enough water 
necessary for running the physiological process smoothly 
than the primed seedling. Thus there was a massive water 
deficit occurred in case of non-primed genotypes than the 
primed genotypes. A similar result was reported by Baque 
et al. [29]. 

 
Different level of PEG concentration 

Line graph 7.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the water saturation deficit of wheat genotypes (LDS (0.01) = 2.56, 
1.80, 1.68, 1.21, 2.46 and 2.64 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

3.8. Water Retention Capacity 

Water retention capacity of wheat genotypes influenced 
significantly by different PEG solutions (Line graph 8). 
ESWYT-5 (V1) wheat genotype distinctly scored the 
highest value for water retention capacity under most of the 
osmo and hydro priming solutions where ESWYT-7 (V4) 
consistently showed the poor performance. Result revealed 
that the maximum water retention capacity (17.50) was 
scored by ESWYT-5 (V1) with 10% PEG solution while 
the minimum value (10.62) scored by ESWYT-7 (V4) with 
0% PEG solutions. As priming helps to activate the 
metabolic enzymes responsible for germination of seed 
before germination takes place, so the hydro and osmo 
primed seedlings can uptake more water than the 
non-primed ones and gained the maximum turgid weight, 
in consequence, they gained the maximum water retention 
capacity.  

 
Different level of PEG concentration 

Line graph 8.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the water retention capacity of wheat genotypes (LDS (0.01) = 
0.97, 1.16, 1.33, 1.28, 1.25 and 1.25 at 0%, water, 5%, 10%, 15% and 20% 
PEG concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= 
BARI Gom 28 and V4= ESWYT-7 

3.9. Germination Coefficient 

Different Polyethylene Glycol (PEG) solutions 
significantly influenced the germination coefficient of 
wheat genotypes except under 15 and 20% (Line graph 9). 
The maximum germination coefficient (16.90) was 
recorded from ESWYT-5 (V1) when the seed primed with 
10% PEG concentration whereas the minimum 
germination coefficient (12.55) was recorded from 
ESWYT-7 (V4) when the seed was not primed with osmo 
or hydro priming solutions. ESWYT-6 showed similarity 
with ESWYT-5 under all the priming solutions. This result 
was in line with the findings of Baque et al. [24] and Huns 
and Sung [55] who reported that seed priming resulted 
from anti-oxidant increment as glutathione and ascorbate 
in the seed. These enzymes trigger germination speed via 
reduction of lipid peroxidation activity; as a result 
germination coefficient was higher in osmo and hydro 
primed seed compare to that of non-primed seeds. Baque et 
al. [24] reported that the highest germination coefficient 
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was recorded when the seed primed with 10% PEG 
solution compared to that of osmo and hydro primed seed. 
Osmopriming of Italian ryegrass (Lolium multiflorum) and 
sorghum (Sorghum bicolor) seeds with 20% PEG-8000 for 
2 d at 10°C enhanced germination coefficient of wheat 
genotypes under water stress, waterlogging, cold stress and 
saline conditions Hur [56]. It has been evident that priming 
had resulted in more germination speed especially in salt 
and drought stress, saline stress and low temperatures in 
sorghum, sunflower, and melon Kaya et al. [31], Sivritepe 
et al. [57] and Foti et al. [58]. 

 

Different level of PEG concentration 

Line graph 9.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the germination coefficient of wheat genotypes (LDS (0.01) = 
1.17, 1.07, 0.62, 0.85, 0.82 and 0.86 at 0%, water, 5%, 10%, 15% and 20% 
PEG concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= 
BARI Gom 28 and V4= ESWYT-7  

3.10. Vigor Index 

Line graph 10 showed that, the maximum vigor index 
(311.30) was accounted from wheat genotype ESWYT-5 
(V1) when the seed primed with 10% PEG solution and 
minimum vigor index (136.20) was achieved from 
ESWYT-7 (V4) when the seeds were not primed either 
osmo or hydro priming solutions. In case of vigor index, 
ESWYT-5 distinctly scored the highest value under all the 
osmo and hydro priming solutions whereas ESWYT-7 
consistently performed poor and ESWYT-6 and BARI 
Gom 28 scored intermediate value. This result was also in 
agreement with the findings of Baque et al. [24], Maiti et al. 
[59] and Maiti et al. [44] who reported that seed priming 
increases the seedling vigor of several vegetable crops and 
concerning sponge gourd, osmo-priming increased 
seedling vigor. Nascimento and West [52] mentioned that, 
the minimization of seed coat adherence during the 
emergence of muskmelon seeds after priming. The 
advancement in germination and vigor of soybean plant 
was probably due to the reserve mobilization of food 
material, activation and re-synthesis of some enzymes, 
DNA and RNA synthesis started during osmotic priming 
Sadeghi et al. [60]. There might be the possibility that 
similar germination responsive genes may be activated 
because of chitosan priming under osmotic stress. Baque et 
al. [24] found that maximum vigor index was recorded 

when the seed primed with 10% PEG solution. 
Osmopriming of Italian ryegrass (Lolium multiflorum) and 
sorghum (Sorghum bicolor) seeds with 20% PEG-8000 for 
2 d at 10°C increased the vigor index. 

 

Different level of PEG concentration 

Line graph 10.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the vigour index of wheat genotypes (LDS (0.01) = 13.38, 17.31, 
23.62, 23.76, 24.61 and 17.18 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

4. Conclusions 
Considering the above results obtaining from the present 

piece of work it may be concluded that PEG has a positive 
effect on germination, seedling growth and water relation 
behavior on wheat seed. Among four wheat genotypes, 
ESWYT-5 wheat genotypes were performed best in most 
of the germination, seedling growth and water relation 
behavior of wheat where wheat genotypes ESWYT-6 and 
BARI Gom 28 showed moderate results and ESWYT-7 
showed consistently poor performance. All the parameters 
of wheat genotypes gave the best results when seeds treated 
with 10% PEG solution compared to nonprimed and hydro 
primed seeds and the recorded results decreased gradually 
with increasing PEG concentration. So, it can be concluded 
that seed treated with Polyethylene Glycol (PEG) helps to 
increase the germination, seedling growth and water 
relation on wheat genotypes. 
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Induction of Salt Tolerance: Optimization of Pre-Sowing
Priming Time on the Germination, Seedling Growth and Water
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Abstract: Pre-sowing seed treated with Polyethylene Glycol (PEG) assumed to be a potential priming agent to
increase the germination behavior of seed. For this regard, a lab investigation was carried out to find out the
suitable pre-sowing priming time on the germination, seedling growth and water relation behavior of four wheat
genotypes viz., BARI Gom 28, ESWYT-5, ESWYT -6 and ESWYT-7. The seeds of wheat genotypes were primed
with 10% PEG solution for 3 h, 6 h, 9 h, 12 h and 15 h. The results of the experiment revealed that, among 4
wheat genotypes ESWYT-5 wheat genotype performed best in most of the germination, seedling growth and
water relation behaviors of wheat under all priming times followed by ESWYT-6 and BARI Gom 28 and ESWYT-
7 showed consistently poor performance. The germination, seedling growth and water relation behaviors’ value
of wheat genotypes increased with increasing priming time up to 9 h and then gradually decreased. All the
parameters of wheat genotypes gave the best results when seeds treated with 10% PEG solution for 9 h
compared to the other priming times and 3 h scored the lowest results. So, it can be concluded that priming time
helps to increase the germination, seedling growth and water relation behaviors of wheat genotypes.

Key words: Wheat  Priming  Germination  Growth

INTRODUCTION growth [4-7]. Under stress condition primed seedling able

In adverse condition especially salinity and drought, metabolic processes essential for germination to occur
the water is limited and time bounding factor which is very without germination take place. Seeds are soaked in
much crucial for successful seed germination; more over different solutions with high osmotic potential during
successful crop establishment depends not only on the priming. Thus the seeds were prevented from absorbing
rapid and uniform germination of the seed, but also on the enough water for radical protrusion and retarding the
ability of the seed to germinate under low water seeds in the lag phase [7]. Seed priming has been
availability [1]. However, if the stress effect can be commonly used to minimize the time between seed sowing
prevented at the germination stage, chances for attaining and seedling emergence and to ensure synchronize
a good crop with economic yield production would be emergence [10]. These effects of priming are collaborated
high [2]. So, seed priming is considered as an effective with repairing and building up of nucleic acids, increased
means to enhance stress tolerance capability of crop synthesis of proteins as well as the repairing of
plants including drought. Seed priming is the induction of membranes [11]. Priming also increases the activities of
a particular physiological state in plants by the treatment anti-oxidative enzymes in treated seeds [12, 13]. Seed
of natural and synthetic compounds to the seeds before priming can be carried out using different techniques viz.
germination. The physiological state of plants in which hydro-priming (soaking in distilled water), osmo-priming
plants are able to faster or better activate defense (soaking in osmotic solutions such as PEG, potassium
responses or both is called the primed condition of the salts, e.g., KCl, K SO ) and plant growth inducers (CCC,
plant [3]. It optimizes seed performance by rapid and Ethephon, IAA) [14-18] Reported that, successful seed
uniform germination, normal and vigorous seedlings priming is affected by some factors such as plant species,

to grow normally [8, 9]. Priming allows some of the
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water potential form priming factor, priming time, Agricultural Research Institute were used as planting
temperature, vigor and seed primed storage condition. material. Polyethylene glycol (PEG) was used as osmo
Short and over priming time reduced the germination, priming agent in this study. Different equipment such as
seedling growth and water relation behavior of crop  plant growth chamber, electric balance, petri dish, filter paper,
[19, 20] revealed that, hydro primed seeds for 36 h had micro pipette etc. was used for this study.
lowest values for mean germination time, followed by 24 About 10 g of PEG was dissolved in 100 ml of water
h and 48 h seed treatments, whereas the lowest to prepare 10% solution of PEG. Distilled water was
germination rate that was indicated by higher mean collected from the laboratory of Sher-e-Bangla
germination time was observed in osmoprimed seeds Agricultural University (SAU).
which were subjected to PEG-6000 solution and also All seeds were surface sterilized with 2% Safex
maximum germination was seen in seed hydro primed for solution for 5 minutes, then rinsed with sterilized water
36 h, which was statistically similar to seeds of cv. MO17 and air dried at room temperature. After that seeds were
which was hydro primed for 48 h and seeds of cv. B73 used for priming. The priming media was prepared in
which was hydro primed for 24 h. Also [19] reported that, distilled water and duration of soaking for priming was
the maximum germination, seedling growth and water fixed as per treatments. After soaking seeds were air dried
relation behavior of BARI Gom 27 was recorded when the and placed in petri dish. For each replicate 30 seeds were
seed primed with 10% PEG solution for 12 h. Osmopriming placed in 12.5 cm petri dish on a layer of filter paper no.
and hydropriming of wheat seeds may improve 102 moistened with 8 ml of distilled water.
germination and emergence [21] and may promote The experiment was conducted in Completely
proliferous and vigorous root growth [22]. Moreover, Randomized Design (CRD) with five replications. The four
priming increases the activities of glyoxysome enzymes in wheat genotypes viz., V  = ESWYT-5, V  = ESWYT -6, V
primed bitter gourd seeds [23]. In many crops, seed = BARI Gom 28 and V  = ESWYT-7 were examined under
germination and early seedling growth are the most five priming time viz. seed primed with 10% PEG solution
sensitive stages of water deficit and the water deficit may for 3 h, 6 h, 9 h, 12 h and 15 h, respectively. After that data
delay the onset and decrease the rate and uniformity of collected on various parameters and mean data of
germination, leading to poor crop performance and yield germination percentage, shoot length, root length, shoot
[24]. Therefore, the beneficial effects of priming may be dry weight, root dry weight, relative water content, water
more evident under unfavorable rather than favorable saturation deficit, water retention capacity, germination
conditions [10]. Primed seeds usually exerted an increased coefficient and vigour index were recorded.
germination rate, synchronized germination and at times, Germination was recorded at 24 hr interval and
greater total germination percentage [4]. These attributes continued up to 11 . More than 2 mm long plumule and
have practical agronomic implications, notably under radicle seed was considered as germinated seed.
adverse germination conditions [11]. Therefore, the study The germination rate was calculated using following
was carried out to find suitable priming time for seed formula:
industry that might be used to enhance the tolerance
capacity of plants under adverse field conditions for
optimization of crop production in different regions
especially salt and drought prone areas in Bangladesh.

MATERIALS AND METHODS

The experiment was carried out in the central following formula [26]:
laboratory of the department of Agronomy, Sher-e-Bangla
Agricultural University, Dhaka in November, 2016.
Temperature range of the laboratory during the experiment
was 26.2°C-33.4 °C and the relative humidity was 56-84%.
Four wheat genotypes namely- BARI gom 28, ESWYT-5, where,
ESWYT -6 and ESWYT-7 screened out under salinity A= Number of seeds germinated
stress condition [25] were used for this experiment and T= Time corresponding to A
collected from seed technology division of Bangladesh x= Number of days to final count

1 2 3
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Germination coefficient (GC) was calculated using the
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Vigor index was calculated using following formula
Abdul-Baki and Anderson [27]:

At 11  day after seed placement, five seedlings ofth

each Petri dish were sampled. Shoot and root length of
single seedling was recorded with meter scale. Then the
shoot and root of the seedling were dried for 48 h then dry
weight of shoot and root were recorded using electric
balance.

After recording the fresh weight leaf of each seedling V  = ESWYT-5, V  = ESWYT -6, V  = BARI Gom 28 and
place into Petri dish for 24 h then leaf soaking with V  = ESWYT-7 
distilled water turgid weight was recorded then it was Fig. 1: Effect of different priming time on the
dried for 48 h the dry weight was measured. germination percentage of wheat genotypes

Relative water content was measured using following
formula [28]: recorded from wheat genotype ESWYT-5 (V ) when the

minimum one (5.49%) was recorded from wheat genotype

wter saturation deficit was recorded using following were observed by [19, 29-34] Who reported that highest
formula [28]: germination percentage in cv. Azar-2 was recorded when
Water saturation deficit (WSD) = 100- Relative water the seeds primed with 20% PEG solution for 12h. Priming
content time had positive effect due to its role in impact the

Water retention capacity was measured following formula activation of enzymes involved in protein synthesis and
[28]: carbohydrate metabolism [19, 35] revealed that, the

recorded when the seed primed with 10% PEG solution for

Statistical Analysis: The collected data were analyzed officinalis L. that final germination percentage (FGP) was
statistically following CRD design by MSTAT-C enhanced by 25.5% as compared to that of non-primed
computer package program and the treatments were seeds. [31] reported that lower priming duration (i.e., 12
compared by Least Significance Differences (LSD) test at and 24 h) enhanced germination under normal condition,
1% level of probability. while a higher priming duration (i.e., 36 and 48 h) provided

RESULTS AND DISCUSSION stress. [36-38] also observed that wheat seed priming with

Germination Percentage: Germination percentage of reported that highest maize germination percentage was
wheat genotypes significantly differed by different attained when  seeds  were  primed  for  36  h.  Whereas
priming time (Fig. 1). The germination percentage was [39, 32] concluded that, germination percentage of wheat
gradually increased with increasing the priming time up to increased by increasing of hydro priming duration from 6
9 h (hour) and then decreased with increasing priming to 12 h but it was decreased by increasing of hydro
time. The maximum germination  percentage  (83.33%)  was priming duration from 18 to 24 h.

1 2 3

4

(LSD  = 3.35, 3.77, 7.04, 3.99 and 3.80).(0.01)

1

seeds were primed with 10% PEG solution for 9 h and the

ESWYT-7 (V ) when the seeds were primed with 10% PEG4

solution for 3 h. Wheat genotype ESWYT-6 (V ) and2

BARI Gom 28 (V ) respond intermediately under all the3

priming times. Consistent with our results, similar findings

permeability of the membranes which ultimately leads to

maximum germination percentage of BARI Gom 27 was

12 h. [30] reported that, hydropriming (12 h at 30°C) was
most efficacious in improving seed germination of Salvia

more protection when the seeds were exposed to drought

water for 12 h performed better than non-primed one. [20]
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V  = ESWYT-5, V  = ESWYT -6, V  = BARI Gom 28 and1 2 3

V  = ESWYT-7 Root Length: Root length of wheat genotypes influenced4

Fig. 2: Effect of different priming time on the shoot significantly by different priming times (Fig. 3). There was
length of wheat genotypes (LSD  = 7.41, 10.24, an increasing trend of root length of wheat genotypes(0.01)

14.69, 11.41 and 14.15). with increasing priming time up to 9 h and then gradually

V  = ESWYT-5, V  = ESWYT -6, V  = BARI Gom 28 and hand over priming time promote the ageing of seed which1 2 3

V = ESWYT-7 resulted loose the potentiality for better germination,4

Fig. 3: Effect of different priming time on the root length growth and development of seedling. The result of the
of wheat genotypes (LSD  = 6.10, 8.59, 10.18, experiment was consistent with the findings of [19, 29, 40,(0.01)

11.14 and 6.60). 33] who reported that priming time had significant effect

Shoot Length: Shoot length of wheat genotypes root length of BARI Gom 27 was recorded when the seed
influenced significantly by different  priming  times primed with 10% PEG solution for 12 h. [33] found that,
(Figure 2). There was an increasing trend of shoot length osmo-primed seeds with PEG 20% for 24h exerted
of wheat genotypes with increasing priming time up to 9 maximum root length of cv. Sardari. The effect of
h and then gradually decreased with further increasing the hydropriming for 24 h enhanced root length of seed
priming time. Wheat genotype ESWYT-5 dominantly sunflower as compared with the control treatment [40].
scored highest value at all the priming time where According to [29] increasing of seed soaking duration
ESWYT-7 showed consistently poor performance for root improved root length of wheat. [37] reported that, wheat
length. The maximum shoot length (181.10 mm) was seed priming with PEG 10% for 45 h increased root length
scored by ESWYT-5 when the seeds were primed with of wheat.
10% PEG solution for 9 h and the minimum shoot length
(58.66 mm) was scored by ESWYT-7 when the seeds were Shoot Dry Weight: Soot dry weight of wheat genotypes
primed with 10% PEG solution for 3 h. Priming time might significantly differed by different priming times (Fig. 4).
help to increased enzymatic activities of seed which Shoot dry weight increased with increasing priming time
trigger the vigorous plant growth and in consequence up to 9 h and then gradually decreased. The highest
increased the shoot length of wheat; on the other hand shoot dry weight (0.054 mg) was found from wheat
over priming time might facilitate the ageing of seed which genotype  ESWYT-5  with   seed   primed   with   10%  PEG

resulted loose the potentiality for better germination,
growth and development of seedling. This results also in
line with the study of [19, 29, 40, 33]. [19] revealed that,
the maximum shoot length of BARI Gom 27 was recorded
when the seed primed with 10% PEG solution for 12 h. [33]
reported that, priming time had significant effect on shoot
length of sunflower and maximum shoot length of was
received when the seed was osmo-primed with PEG 10%
for 24h. [37] Revealed that, wheat seed priming with PEG
10% for 45 h increased shoot length then the nonprimed
one.

decreased with further increasing the priming time. Wheat
genotype ESWYT-5 dominantly scored highest value at
all the priming time where ESWYT-7 consistently
performed poor for root length. The maximum root length
(145.00 mm) was achieved by ESWYT-5 when the seeds
were primed with 10% PEG solution for 9 h and the
minimum root length (42.30 mm) was scored by ESWYT-7
when the seeds were primed with 10% PEG solution for 3
h. Priming time helps to increased enzymatic activities of
seed which facilitated the better plant growth and which
results increased the root length of wheat; on the other

on root length of wheat. [19] reported that, the maximum



World J. Agric. Sci., 13 (6): 237-246, 2017

241

V  = ESWYT-5, V  = ESWYT -6, V  = BARI Gom 28 and increasing priming time up to 9 h and then gradually1 2 3

V  = ESWYT-7 decreased with increasing priming time. The wheat4

Fig. 4: Effect of different priming time on the shoot dry genotype ESWYT-5 consistently gave the highest value
weight of wheat genotypes (LSD  = 0.01, 0.01, for root dry weight followed by ESWYT-6 and BARI Gom(0.01)

0.01, 0.01 and 0.01). 28 and ESWYT-7 gave the lowest value for root dry

V  = ESWYT-5, V  = ESWYT -6, V  = BARI Gom 28 and of work coincide with the findings of [19, 29, 39, 37, 40],1 2 3

V  = ESWYT-7 who reported that priming time had significantly effect on4

Fig. 5: Effect of different priming time on the root dry root dry weight of wheat. [19] reported that, the maximum
weight of wheat genotypes (LSD  = 0.01, 0.01, root dry weight of BARI Gom 27 was recorded when the(0.01)

0.01, 0.01 and 0.01). seed primed with 10% PEG solution for 12 h. [39] found

solution for 9 h while the lowest shoot dry weight (0.005 osmopriming times as 6 hours seed treatment had highest
mg) was found from wheat genotype ESWYT-7 with seed root dry weight of wheat. [40] also reported that,
primed with 10% PEG solution for 3 h. Wheat genotype hydropriming for 24 h enhanced root dry weight of
ESWYT-6 and BARI Gom 28 respond intermediately under sunflower as compared to non-primed one. [37] concluded
all the treating hours. Priming time helps to increased that, wheat seed priming with PEG 10% for 45 h increased
enzymatic activities of seed which trigger the vigorous root dry weight.
plant growth and in consequence increased the shoot dry
weight of wheat on the other hand over priming time Relative Water Content: Relative water content of wheat
facilitate the ageing of seed which resulted loose the genotypes influenced significantly by different priming
potentiality for better germination, growth and times (Fig. 6). Increasing trend of relative water content
development of seedling. The result of the present study was observed with increasing priming time up to 9 h and
is also supported by many researchers [19, 29, 39, 37, 40], then gradually decreased with increasing priming time.
who reported that priming time had significantly effect on The wheat  genotype  ESWYT-5  scored  the  highest
shoot dry weight of wheat. [19] also concluded that, the value for relative water content  followed  by ESWYT-6
maximum shoot dry weight of BARI Gom 27 was recorded and BARI Gom 28 and ESWYT-7 gave the lowest value
when the seed primed with 10% PEG solution for 12 h. for   relative   water   content  under    all  the priming time.

Whereas [39] reported that, shoot dry weight significantly
affected by osmopriming times as 6 hours seed treatment
had highest shoot dry weight of wheat. But [40] revealed
that, the effect of hydropriming for 24 h increased shoot
dry weight of sunflower as compared to non-primed seed.
[37] Also concluded that, wheat seed priming with PEG
10% for 45 h increased shoot dry weight.

Root Dry Weight: Soot dry weight of wheat genotypes
significantly varied by different priming times (Fig. 5). An
increasing trend of root dry weight was observed with

weight under all the priming time. The highest root dry
weight (0.043 mg) was found from wheat genotype
ESWYT-5 with seed primed with 10% PEG solution for 9
h while the lowest root dry weight (0.005 mg) was found
from wheat genotype ESWYT-7 with seed primed with
10% PEG solution for 3 h. Priming time helps to increased
enzymatic activities of seed which trigger the proliferous
root growth and in consequence increased the root dry
weight of wheat on the other hand over priming time
facilitate the ageing of seed which resulted loose the
potentiality for better germination, growth and
development of seedling. The result of the present piece

that, root dry weight significantly affected by
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V  = ESWYT-5, V  = ESWYT -6, V  = BARI Gom 28 and wheat genotypes varied significantly by different priming1 2 3

V  = ESWYT-7 time (Fig. 7). The trend of water saturation deficit was4

Fig. 6: Effect of different priming time on the relative inverse compare to the trend of rest of the parameters i. e.
water content of wheat genotypes (LSD = water saturation deficit decreases with increasing the(0.01)

3.82, 7.24, 7.55, 4.71 and 5.04). priming time and gradually increased with increasing

V  = ESWYT-5, V  = ESWYT -6, V  = BARI Gom 28 and between relative water content and water saturation1 2 3

V  = ESWYT-7 deficit. The enzymatic activities was lower under lower4

Fig. 7: Effect of different priming time on the water priming time which result produced the weak and lean
saturation deficit of wheat genotypes (LSD = seedling on the other hand due to over priming time,(0.01)

2.74, 3.01, 1.32, 3.11 and 3.34). ageing process was accelerated and produced weak and

V  = ESWYT-5, V  = ESWYT -6, V  = BARI Gom 28 and retention capacity under all the priming time. Results1 2 3

V  = ESWYT-7 revealed that, the maximum water retention capacity4

Fig. 8: Effect of different priming time on the water (19.94) was scored by wheat genotype ESWYT-5 when
retention capacity of wheat genotypes (LSD the seeds were primed with 10% PEG solution for 9 h and(0.01)

= 0.84, 0.90, 1.30, 0.81 and 1.00). the minimum water retention capacity (4.51) was scored by

The maximum relative water content (91.45%) was scored
by wheat genotype ESWYT-5 when the seeds were
primed with 10% PEG solution for 9 h and the minimum
one (30.00%) was scored by ESWYT-7 when the seeds
were primed with 10% PEG solution for 3 h. Priming time
helps to enhanced enzymatic activities of seed which
facilitated the growth of healthy and vigorous seedling,
which might have the capacity to provide higher relative
water content. Over priming time trigger the ageing
process of primed seed, produced weak and lean seedling
ultimately exhibited lower relative water content. 

Water Saturation Deficit: Water saturation deficit of

priming time. As the wheat genotype ESWYT-7 performed
poor for all the parameters, so the maximum water
saturation deficit was observed in this wheat genotype
followed by BARI Gom 28 and ESWYT-6 and the minimum
one was observed in ESWYT-5. The result of the study
revealed that, maximum water saturation deficit (70.00) was
scored by wheat genotype ESWYT-7 when the seeds
were primed with 10% PEG solution for 3 h and the
minimum water saturation deficit (8.55) was scored by
ESWYT-5 when the seeds were primed with 10% PEG
solution for 9 h. There exhibited an inverse relation

lean seedling which were failed to uptake enough water
and provided more water saturation deficit value.

Water Retention Capacity: Water retention capacity of
wheat genotypes influenced significantly by different
priming time (Fig. 8). Water retention capacity increased
with increasing priming time up to 9 h and then gradually
decreased with increasing priming time. The wheat
genotype ESWYT-5 showed the best performance for
water retention capacity followed by ESWYT-6 and BARI
Gom 28 and ESWYT-7 showed the poor result for water
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ESWYT-7 when the seeds were primed with 10% PEG
solution for 3 h. Priming time was crucial for successful
seedling establishment of wheat. Lower priming time
might reduce the activation of enzymes responsible for
germination of seed and proper growth and development
of seedling. So, the seedling became weak and lean. On
the other hand optimum priming time facilitated the
enzymatic activities of seed which ensure vigorous
growth and development of seedling and over priming
might accelerate ageing of seed which reduced the seed
potentiality for proper seedling growth and development.
Vigorous seedling might have the capacity to uptake
enough water than the weaker seedling which ensured
maximize the turgid weight of seedling in consequence the
water retention capacity might be higher than the lower
and over priming time.

Germination Coefficient: A wide range of statistical
difference was observed due to different priming times
(Fig. 9). Germination coefficient of wheat genotypes
increased with the increasing of priming time up to 9 h and
gradually decreased with increasing time. ESWYT-5
distinctly performed best followed by ESWYT-6 and
BARI Gom 28 and ESWYT-7 performed poor under all the
priming times for germination coefficient. The highest
germination coefficient (17.93) was observed in wheat
genotype ESWYT-5 when the seeds primed with 10% PEG
solution for 9 h where as the lowest germination
coefficient (10.40) was observed in wheat genotype
ESWYT-7 when the seeds primed with 10% PEG solution
for 3 h. This result of the experiment similar with the report
of [19, 40, 37, 32, 33], who reported that priming time had
significant effect on germination coefficient of wheat. The
maximum germination coefficient of BARI Gom 27 was
recorded when the seed primed with 10% PEG solution for
12 h [19]. [32, 33] also found that germination coefficient
was boosted when the seed soaked in water and PEG 10%
for 12 h. [40] reported that the impact of hydropriming for
24 h enhanced germination coefficient of sunflower seed
as compared with the control. [32] Also reported that, the
highest germination coefficient was attained from -1.2
osmotic potential and 12 h seed priming duration
treatments (21.15 and 20.15, respectively). Germination
coefficient reduced by the reduction of osmotic potential
and increment of seed hydro priming time. Seed priming
resulted anti-oxidant increment as glutathione and
ascorbate in seed. These enzymes make more germination
speed via reduction of lipid proxidation activity. It has
been  reported   that  priming  had  been  resulted  in  more

V  = ESWYT-5, V  = ESWYT -6, V  = BARI Gom 28 and1 2 3

V  = ESWYT-7 4

Fig. 9: Effect of different priming time on the germination
coefficient of wheat genotypes (LSD  = 0.57,(0.01)

0.72, 0.70, 0.54 and 0.73).

V  = ESWYT-5, V  = ESWYT -6, V  = BARI Gom 28 and1 2 3

V  = ESWYT-7 4

Fig. 10: Effect of different priming time on the vigor index
of wheat genotypes (LSD  = 8.22, 11.58, 15.85,(0.01)

14.06 and 15.02).

germination speed especially in salt and drought stress,
saline stress and low temperatures in sorghum, sunflower
and melon [41, 42, 43].

Vigor Index: Vigor index of wheat genotypes significantly
influenced by different priming times (Fig. 10). Vigor index
of wheat genotypes increased with the increasing of
priming time up to 9 h and gradually decreased with
increasing time. ESWYT-5 consistently performed best
followed by ESWYT-6 and BARI Gom 28 and ESWYT-7
performed poor under all the priming times for vigor index.
The highest vigor index (272.30) was observed in wheat
genotype ESWYT-5 when the seeds primed with 10% PEG
solution for 9 h where as the lowest vigor index (5.54) was
observed in wheat genotype ESWYT-7 when the seeds
primed with 10% PEG solution for 3 h. Priming time helps
to increased enzymatic activities of seed which trigger the
vigorous plant growth and in consequence increased the
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vigor index of wheat on the other hand over priming time 2. Ashraf, M. and H. Rauf, 2001. Inducing salt tolerance
facilitate the ageing of seed which resulted loose the
potentiality for better germination, growth and
development of seedling. This finding was similar with the
findings of [19, 32, 33, 39] who reported that priming time
significantly influenced vigor index of wheat. The highest
vigor index of BARI Gom 27 was recorded when the seed
primed with 10% PEG solution for 12 h [19, 32] Mentioned
that priming time had significant affected vigor index and
also it was observed that 12 h priming time had most
effect on the studied traits of wheat. [33, 37, 38] found that
priming time 12 h gave the highest vigor index of wheat.
Priming has the capability to repair some damages that
have been produced from seed erosion and improve seed
quality [44].

CONCLUSIONS

Considering the above results obtaining from the
present piece of work it may be concluded that Priming
time has a positive significant effect on germination,
seedling growth and water relation behavior on wheat
seed. Among 4 wheat genotypes, ESWYT-5 wheat
genotype was performed best in most of the germination,
seedling growth and water relation behaviors of wheat
under all the priming times followed by ESWYT-6 and
BARI Gom 28 and ESWYT-7 showed consistently poor
performance. The germination, seedling growth and water
relation behavior of wheat genotypes increase with
increasing priming time up to 9 h and then decreased with
increasing priming time. All the parameters of wheat
genotypes gave the best results when seeds treated with
10% PEG solution for 9 h compared to the other priming
times and 3 h scored the lowest results. So, it can be
concluded that priming time helps to increase the
germination, seedling growth and water relation behaviors
of wheat genotypes.
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Abstract  Pre-sowing seed treated with Polyethylene 
Glycol (PEG) assumed to be a potential priming agent to 
increase the germination, seedling growth and water 
relation behavior of grain. With this view, a lab 
investigation was carried out to find out the effect of 
various PEG concentrations on the germination, seedling 
growth and water relation behavior of wheat. Seeds of 
ESWYT-5, ESWYT -6 and ESWYT-7 wheat genotypes 
and BARI Gom 28 were pre-soaked in water with 0%, 5%, 
10%, 15% and 20% PEG solutions. Results of the study 
revealed that seed priming enhanced germination, seedling 
growth and water relation behavior of wheat genotypes. 
Among four wheat genotypes, ESWYT-5 performed the 
best regarding germination, seedling growth and water 
relation behavior where wheat genotypes ESWYT-6 and 
BARI Gom 28 performed moderately and ESWYT-7 
showed consistently poor performance. All the characters 
showed the best results when wheat seeds treated with 10% 
PEG solution compared to nonprime and hydro primed 
seeds and the value decreased gradually with increasing 
PEG concentration. These results suggest that seed priming 
had significant effect to boost the germination, seedling 
growth and water relation behavior of wheat genotypes. 

Keywords  Germination, Seedling Growth, Water 
Relation Behavior, Polyethylene Glycol, Osmo Priming 
and Hydro Priming 

1. Introduction
Wheat (Triticum aestivum L.), one of the most 

significant staples food crop, it accounts for about 20% of 
the human food supply and is cultivated on approximately 
215 million hectors globally WHEAT [1]. Like other living 
organisms, the creation of defense mechanism under stress 

condition is a natural phenomenon of the plant, and that is 
why the yield of crops decreases but helps to enhance the 
seed quality Quamruzzaman et al. [2]. Despite the some 
positive impact of stress but it is not suitable for on seed 
germination, especially for salt and drought stress. And for 
this reason, seed priming is considered as an effective 
means to enhance stress tolerance capability of plant under 
adverse conditions (especially salinity and drought). Seed 
priming is a new innovative technique by which some 
physiological changes are gained into target grain with the 
use of natural and synthetic compounds prior to 
germination Seed priming is the induction of a particular 
physiological state in plants by the treatment of natural and 
synthetic compounds to the seeds before germination. The 
physiological condition of plants in which plants can faster 
or better activate defense responses or both is called the 
primed condition of the plant Beckers and Conrath, [3]. It 
optimizes seed performance by rapid and uniform 
germination, healthy and vigorous seedlings growth 
reaching a physiological condition resulted in faster and 
better germination and the emergence of different crops 
Basra et al. [4], Cantliffe [5], Powell et al. [6] and Taylor et 
al. [7]. Primed seedling can produced normal seedling 
under stress condition. Carbineau and Come [8] and Ashraf 
and Foolad [9] reported that, under stress condition primed 
seedling able to grow normally without any disturbance. 

Priming allows some of the metabolic processes 
essential for germination to occur without germination take 
place. During priming, seeds are drenched in various 
priming solutions. Thus the seeds were prevented from 
absorbing enough water for radical protrusion and 
retarding the seeds in the lag phase Taylor [7]. Seed 
priming has been commonly used to minimize the time 
between seed sowing and seedling emergence and to 
ensure synchronize emergence Parera and Cantliffe [10]. 
These effects of priming are collaborated with repairing 
and building up of nucleic acids, increased synthesis of 
proteins as well as the repairing of membranes McDonald 
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[11]. Priming also enhances the activities of anti-oxidative 
enzymes in treated seeds Hsu et al. [12] and Wang et al. 
[13]. Seed priming can be carried out using different 
techniques viz. hydro-priming (soaking in distilled water), 
osmopriming (soaking in osmotic solutions such as PEG, 
potassium salts, e.g., KCl, K2SO4) and plant growth 
inducers (CCC, Ethephon, IAA) Chiu et al. [14], Capron et 
al. [15] Harris et al. [16] and Chivasa et al. [17]. Under 
osmopriming (also addressed as osmoconditioning) the 
seeds are drenched into synthetic compound like: 
polyethylene glycol (PEG), sorbitol, mannitol solution and 
let to uptake water to primary metabolic activities of 
germination process is started, and radical emergence 
occurred Ashraf and Foolad [9]. Osmopriming in the PEG 
solution allows initiating the membrane repairing systems 
and metabolic preparation for germination via controlling 
the water absorption rate of seeds Jisha et al. [18]. This 
technique is frequently used in some countries for 
vegetables and flower crops Halmer [19]. Past studies were 
evident that PEG had no toxic effect since all seeds 
germinated. Mehra et al. [20] reported that PEG molecules 
do not enter to seed and there was no toxicity of PEG. 
According to McDonald [11], primed seeds acquire the 
potentiality to rapidly imbibe and revive the seed 
metabolism thus enhancing the germination rate. 
Osmopriming and hydropriming of wheat seeds may 
improve germination and emergence Ashraf and 
Abu-Shakra [21] and may promote proliferous and 
vigorous root growth Carceller and Soriano [22]. Moreover, 
priming increases the activities of glyoxysome enzymes in 
primed bitter gourd seeds Lin and Sung [23]. Baque et al. 
[24] reported that 10% PEG was best for enhanced 
germination behavior of wheat. In many crops, 
germination and early seedling growth are the most 
sensitive stages of water deficit and the water deficit may 
delay the onset and decrease the rate and uniformity of 
germination, leading to reduced crop performance and 
yield Demir et al. [25]. Therefore, the beneficial effects of 
priming may be more evident under unfavorable rather 
than favorable conditions Parera and Cantliffe [10]. These 
phenomena have empirical agronomic inference especially 
under adverse germination state. McDonald [11]. 
Therefore, the study was carried out to find suitable 
priming agent(s) for seed industry that might be used to 
enhance the tolerance capability of plants under adverse 
field conditions for successful crop production in different 
regions especially salt and drought-prone areas in 
Bangladesh. 

2. Materials and Methods 
The experiment was carried out in the Central 

Laboratory of the Department of Agronomy, 
Sher-e-Bangla Agricultural University, Dhaka October, 
2016. The temperature and relative humidity were 
260C-330C and 55-85%, respectively during the 
experimentation period. Four wheat genotypes namely- 
BARI Gom 28, ESWYT-5, ESWYT -6 and ESWYT-7, 
screened out under salinity stress condition Hasan [26] 
were used for this experiment and were collected from seed 
technology division of Bangladesh Agricultural Research 
Institute were used as planting material. PEG and distilled 
water were used as Osmo and hydro priming agent, 
respectively in this study. To fulfill the study, growth 
chamber, electric balance, petri dish, filter paper, 
micropipette etc. equipments were used. 

5 g of PEG was dissolved in 100 ml of water to prepare  
5% solution of PEG. Similarly, 10g, 15g, 20g PEG was 
dissolved in 100 ml of water to make 10%, 15%, 20% 
solution of PEG, respectively. 

Seeds of wheat genotypes were sterilized using 2% 
Safex solution for 5 minutes, rinsed those seeds using 
distilled water and air dried at room temperature. Then the 
seeds were ready for priming treatment. 

The priming media were formulated using distilled 
water and the soaking duration was 12 h for osmo and 
hydropriming treatment. After incubation into primed 
solution seeds were air dried and placed in the petri dish. 
For each replicate, 30 seeds were placed in 12.5 cm petri 
dish on a layer of filter paper no. 102 which was previously 
moistened with 8 ml distilled water. 

The experiment was carried out following Completely 
Randomized Design (CRD) with five replications. The 
wheat genotypes were examined under six priming 
conditions (distilled water and 5%, 10%, 15%, 20% PEGs 
solution). Seeds without priming used as control. After that 
data collected on various parameters such as mean data of 
germination percentage, shoot length, root length, shoot 
dry weight, root dry weight, relative water content, water 
saturation deficit, water retention capacity, germination 
coefficient and vigor index were recorded. 

Germination was recorded one day after placing seeds 
for germination and continued up to eleven day with an 
interval of 24 hr. More than 2 mm long plumule and radicle 
seed was considered as germinated seed. 

The germination rate was calculated using following 
formula: 

Germination percentage (%) = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 Germination 
percentage (%) =𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
×100 

Germination Co- efficient (GC) was calculated using the following formula Copeland [27]: 

Germination Co- efficient (%) = 𝐴𝐴1+𝐴𝐴2+⋯+𝐴𝐴𝐴𝐴
𝐴𝐴1𝑇𝑇1+𝐴𝐴2𝑇𝑇2+⋯𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

 × 100 
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Where, 
A= Number of seeds germinated 

T= Time corresponding to A 

x= Number of days to final count 

Vigour index was calculated using following formula 
Abdul-Baki and Anderson [28]: 

Vigour index =𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇×𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆ℎ (𝑚𝑚𝑚𝑚)
100

 

At the eleventh day five seedlings of each petri dish were 
sampled. Shoot and root length of single seedling was 
measured with meter scale. Then the shoot and root of the 
seedling were dried for 48 hr then dry weight of shoot and 
root were recorded using electric balance. 

After recording the fresh weight leaf of each seedling 
place into ptridish for 24 hr then leaf soaking with distilled 
water turgid weight was recorded when it was dried for 48 
hr the dry weight was measured. 

Relative water content was measured using following 
formula Baque et al. [29]: 

Relative water content (WRC) (%) = 
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹ℎ𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡−𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑡𝑡−𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑡𝑡

 × 100 

Water saturation deficit was recorded using following 
formula Baque et al. [29]: 

Water saturation deficit (WSD) = 100- Relative water 
content 

Water retention capacity was measured following 
formula Baque et al. [29]: 

Water retention capacity (WTC) =𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝑡𝑡
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑡𝑡

 

Statistical Analysis 

The data of the study were analyzed statistically 
following CRD design by MSTAT-C analysis software and 
the mean separation was done using Least Significance 
Differences (LSD) test at 1% level of probability. 

3. Result and Discussion 

3.1. Germination Percentage 

Germination percentage of wheat genotypes   
significantly is influenced by different PEG solutions (Line 
graph 1). Hydro and osmo priming solutions affected the 
germination percentage of wheat genotypes. Germination 
percentage (GP) increases with the increasing of PEG 
concentration up to 10% then there was a gradual decrease 
observed with increasing the PEG concentration. The result 
of the experiment revealed that the maximum germination 
percentage (95.30%) was recorded from wheat genotype 
ESWYT-5 (V1) with 10% PEG solution and the minimum 
germination percentage (65.90%) was recorded from 

wheat genotype ESWYT-7 (V4) with 0% PEG 
concentration (control). Among the wheat genotypes 
ESWYT-5 (V1) performed best, and ESWYT-7 (V4) 
performed the poor performance and rest of the two 
genotypes showed moderately in most of the PEG 
concentrations. The result of the experiment collaborated 
with the results of Baque et al. [24], Yagmur and Kaydan 
[30], Kaya et al. [31], Afzal [32] Afzal et al. [33], Basra et 
al. [34], Demir and Ermis [35] and Roy and Srivastava [36]. 
Basra et al. [24] and Salinas [37] reported refinement in 
germination percent, emergence and seedling standby 
using seed priming techniques. 

A wide range of biochemical changes occurred during 
seed priming which was crucial for germination, i.e., 
breaking of dormancy, hydrolysis or metabolism of 
inhibitors, imbibitions and enzymes activation Ajouri et al. 
[38]. Researcher demonstrated that the priming process 
that antedate the germination is boosted by priming and 
preserved following the re-desiccation of the seed 
Asgedom and Becker [39]. Primed seed can rapidly 
consume and resuscitate the seed metabolism, as a result 
germination percentage was increased and the 
physiological heterogeneity was triggered down Rowse 
[40]. Moreover, seed priming most likely grants some 
fix-up of damage to membrane caused by deterioration and 
resulted in better germination pattern and higher vigor level 
compared with non-primed seeds Jisha et al. [18] and Ruan 
et al. [41]. Priming showed reviving effects in the early 
stages of germination by the mediation of cell division in 
germinating seeds Hassanpouraghdam et al. [42]. Similar 
mechanisms seem to perform in the course of our 
experiments so that PEG-primed seeds resulted in higher 
germination attributes and rapid seedling growth under 
osmotic stress. Hydropriming significantly boost 
germination rate Ghassemi-Golezani et al. [43] and is a 
useful technique for optimized overall germination Maiti et 
al. [44] and these beneficial effects of hydropriming have 
been attributed to the mobilization in embryonic tissues of 
enzyme activities required for rapid seed germination and 
of compounds such as free amino acids, proteins, and 
soluble sugars from storage organs Ashraf and Foolad [9]. 
Farooq et al. [45] proposed that physiological changes 
exerted by osmohardening increased the starch hydrolysis 
and made more sugars available for embryo growth which 
enhances germination. Baque et al. [24] reported that 10% 
PEG was best for improved germination behavior of wheat. 
The report of the Sun et al. [46] revealed the compatible 
PEG concentration were 20% for Gangyou 527 (indica 
hybrid rice) and 10%-15% for Nongken 57 (conventional 
japonica rice). During germination, PEG concentration 
above the optimum level had adverse effects. Singh and 
Gill [47] reported that over-priming (KNO3) might be 
appeared toxic to primed seed due to prolonged soaking in 
primed solution (KNO3) that might have injured the 
cellular organelles. 
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Different level of PEG concentration 

Line graph 1.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the germination percentage of wheat genotypes (LDS (0.01) = 
6.92, 4.59, 7.88, 5.89, 7.19 and 6.39 at 0%, water, 5%, 10%, 15% and 20% 
PEG concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= 
BARI Gom 28 and V4= ESWYT-7 

3.2 Shoot Length 
Shoot length of wheat genotypes significantly affected 

by different PEG solutions (Line graph 2). Shoot length of 
wheat genotype increased with the increasing of PEG 
concentration up to 10%, and there was a gradual decreased 
observed with increasing the PEG concentration. The result 
of the experiment revealed that the maximum shoot length 
(168.20 mm) was recorded from wheat genotype 
ESWYT-5 (V1) with 10% PEG concentration whereas the 
minimum shoot length (108.20 mm) was recorded from 
wheat genotype ESWYT-7 (V4) with control treatment 
( non-primed seed). Wheat genotype ESWYT-6 (V2) 
performed similar with ESWYT-5 (V1) under most of the 
PEG concentrations but ESWYT-7 (V4) poorly performed 
under all the osmo and hydro priming solutions. This result 
is in agreement with the findings of several workers Baque 
et al. [24], Jisha et al [18] and Maiti et al. [11]. Rennick and 
Tiernan [48] reported that there was a rapid and more 
extended elongation of coleoptile occurred in treated seeds 
than non-treated and over primed seeds. Lee and Kim [49] 
revealed that, priming increased the metabolic activities of 
seed ultimately gained the substantial shoot length than 
nonprimed seed. Baque et al. [24] reported that the highest 
shoot length of wheat was secured when the seed primed 
with 10% PEG solution. 

 
Different level of PEG concentration 

Line graph 2.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the shoot length of wheat genotypes (LDS (0.01) = 10.54, 9.37, 
13.53, 11.62, 11.68 and 11.20 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

3.3. Root Length 

Root length of wheat genotypes significantly varied by 
different PEG solutions (Line graph 3). Root length of 
wheat genotype increased with the increasing of PEG 
concentration up to 10% and there was a gradual decreased 
with increasing the PEG concentration. The result of the 
experiment revealed that the maximum root length (158.30 
mm) was scored by ESWYT-5 (V1) with 10% PEG 
concentration whereas the minimum root length (98.46 
mm) was recorded from ESWYT-7 (V4) with control 
treatment (non-primed seed). Wheat genotype ESWYT-5 
(V1) performed the best, ESWYT-6 (V2) and BARI Gom 
28 (V3) gave intermediate results but ESWYT-7 (V4) 
consistently poor performance under all the osmo and 
hydro priming solutions. This result is in agreement with 
the findings of several workers Baque et al.[24], Jisha et al. 
[18] and Maiti et al. [11]. Experiments conducted by 
Ashraf and Abu-shakra [21] revealed that priming of wheat 
seed in osmoticum or water might improve germination 
and emergence and aggrandize vigorous root growth 
Carceller and Soriano [22] as a consequence root length of 
osmo and hydro primed seed exerted the highest length 
than non-primed seed. The considerable root length in the 
treated seeds might be due to increased metabolic activities 
in the primed seeds than non-primed Baque et al. [24] and 
Lee and Kim [23]. Jisha et al. [18] reported that overall 
growth of plants was enhanced due to the seed-priming 
treatments. Maiti et al. [44] observed that seed priming the 
seedling vigor of several vegetable crops. The priming 
techniques improved seedling growth of tomato and chili. 
Baque et al. [24] concluded that the most extended root 
length was recorded when the seed primed with 10% PEG 
solution. 

 
Different level of PEG concentration 

Line graph 3.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the root length of wheat genotypes (LDS (0.01) = 9.36, 10.78, 9.84, 
12.45, 12.77 and 13.35 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

3.4. Shoot Dry Weight 

The result of the experiment revealed that the highest 
shoot dry weight(0.052 mg) was scored by ESWYT-5 (V1) 
with 10% PEG concentration whereas the minimum shoot 
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dry weight (0.021 mg) was recorded from wheat genotype 
ESWYT-7 (V4) with 0% PEG solutions (non-primed seed) 
(Line graph 4). The result of the present study was also 
supported by the result of previous researchers Baque et al. 
[24], Khalil et al. [50], Ghassemi-Golezani et al. [43] and 
Sarwar et al. [51]. Priming presumably permitted some 
repairs of damaged to membrane caused by deterioration 
and exerted better germination pattern and higher vigor 
level than non- primed Ruan et al. [41]. Nascimento and 
West [52] mentioned minimizing of seed coat adherence 
during the emergence of muskmelon seeds. The refinement 
in germination and vigor of standard/low-vigor seed might 
be due to preserve transportation of food material, trigger 
and re-synthesis of some enzymes, DNA and RNA 
synthesis start during osmotic priming. Removing of 
obstacle speed up the germination of seed ultimately 
produced the vigorous shoot and increased shoot dry 
weight of wheat genotypes Basra et al. [4]. Khalil et al. [50] 
observed that dry matter yield increased with each 
increment of priming. Ghassemi-Golezani et al. [43] 
showed that hydro-priming significantly improved shoot 
weights and Sarwar et al. [51] reported that shoot length 
and biomass of shoots were better when treated with water 
and mannitol. Baque et al. [24] found that maximum shoot 
dry weight was recorded when the seed primed with 10% 
PEG solution compared to that of osmo and hydro primed 
seed. 

 

Different level of PEG concentration 

Line graph 4.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the shoot dry weight of wheat genotypes (LDS (0.01) = 0.01, 0.01, 
0.01, 0.01, 0.01 and 0.01 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

3.5. Root Dry Weight 

In case of root dry weight ESWYT-5 (V1) consistently 
scored the highest value and ESWYT-7 (V4) scored the 
lowest value under most of the priming treatments. The 
result of the experiment revealed that the highest root dry 
weight (0.043 mg) was observed in ESWYT-5 (V1) with  
10% PEG concentration whereas the minimum root dry 
weight (0.015 mg) was recorded in ESWYT-7 (V4) with 
control treatment (non-primed seed) (Line graph 5). The 

result of the present study is also in line with the results of 
previous researchers Baque et al. [24], Khalil et al. [50], 
Ghassemi-Golezani et al. [43] and Sarwar et al. [51]. 
Khalil et al. [50] observed that dry matter yield increased 
with each increment of priming. Ghassemi-Golezani et al. 
[43] showed that hydro-priming significantly improved 
root weights and Sarwar et al. [51] reported that root length 
and biomass of roots were better when treated with water 
and mannitol. Baque et al. [24] found that maximum root 
dry weight was recorded when the seed primed with 10% 
PEG solution. 

 

Different level of PEG concentration 

Line graph 5.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the root dry weight of wheat genotypes (LDS (0.01) = 0.01, 0.01, 
0.01, 0.01, 0.01 and 0.01 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

3.6. Relative Water Content 

RWC could be the perfect indicator of plant hydrologic 
condition as it denotes the physiological consequences of 
cellular water deficit. Water potential that possess the 
energy status of plant water which is useful for the 
transportation of water in the soil-plant-atmosphere chain. 
A wide range of statistical difference was observed for the 
relative water content of wheat genotypes under different 
PEG solutions (Line graph 6). Corresponding water 
content followed the similar trend as the previous 
parameters of wheat genotypes. The result revealed that the 
maximum relative water content (90.05%) was found from 
ESWYT-5 (V1) under 10% PEG concentration and the 
minimum relative water content (61.63%) was found from 
ESWYT-7 (V4)with 0% PEG concentration. ESWYT-5 
(V1) performed distinctly superior to ESWYT-7 (V4) where 
ESWYT-6 (V2) and BARI Gom 28 (V3) gave the 
intermediate results under all the osmo and hydro priming 
solutions. Under stress condition, osmo and hydro primed 
seedling can thrive and provide better water use efficiency 
thus plant growth not hampered than non-primed seeds 
Flower et al. [53]. A similar finding was reported by 
Sairam et al. [54].
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Different level of PEG concentration 

Line graph 6.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the relative water content of wheat genotypes (LDS (0.01) = 5.66, 
6.52, 4.76, 7.04, 4.16, 5.27 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7 

3.7. Water Saturation Deficit 

Water saturation deficit of wheat genotypes influenced 
significantly by different PEG solutions (Line graph 7). It 
followed the opposite trend compared to the previously 
described parameter, i.e., the water saturation deficit was 
maximum at 0% PEG concentration and gradually 
decreased up to 10% PEG concentration and then steadily 
increased. ESWYT-7 (V4) performed poor under all the 
PEG concentrations and scored the highest value distinctly 
under all the priming solution where ESWYT-5 (V1) 
consistently scored the minimum value for water saturation 
deficit under all osmo and hydro priming solutions. The 
highest water saturation deficit (38.37) was recorded from 
ESWYT-7 (V4) with 0% PEG solution and the lowest (9.95) 
were recorded from ESWYT-5 (V1) with 10% PEG 
solution. Due to lack of defense mechanism, the 
non-primed seedling failed to uptake enough water 
necessary for running the physiological process smoothly 
than the primed seedling. Thus there was a massive water 
deficit occurred in case of non-primed genotypes than the 
primed genotypes. A similar result was reported by Baque 
et al. [29]. 

 
Different level of PEG concentration 

Line graph 7.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the water saturation deficit of wheat genotypes (LDS (0.01) = 2.56, 
1.80, 1.68, 1.21, 2.46 and 2.64 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

3.8. Water Retention Capacity 

Water retention capacity of wheat genotypes influenced 
significantly by different PEG solutions (Line graph 8). 
ESWYT-5 (V1) wheat genotype distinctly scored the 
highest value for water retention capacity under most of the 
osmo and hydro priming solutions where ESWYT-7 (V4) 
consistently showed the poor performance. Result revealed 
that the maximum water retention capacity (17.50) was 
scored by ESWYT-5 (V1) with 10% PEG solution while 
the minimum value (10.62) scored by ESWYT-7 (V4) with 
0% PEG solutions. As priming helps to activate the 
metabolic enzymes responsible for germination of seed 
before germination takes place, so the hydro and osmo 
primed seedlings can uptake more water than the 
non-primed ones and gained the maximum turgid weight, 
in consequence, they gained the maximum water retention 
capacity.  

 
Different level of PEG concentration 

Line graph 8.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the water retention capacity of wheat genotypes (LDS (0.01) = 
0.97, 1.16, 1.33, 1.28, 1.25 and 1.25 at 0%, water, 5%, 10%, 15% and 20% 
PEG concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= 
BARI Gom 28 and V4= ESWYT-7 

3.9. Germination Coefficient 

Different Polyethylene Glycol (PEG) solutions 
significantly influenced the germination coefficient of 
wheat genotypes except under 15 and 20% (Line graph 9). 
The maximum germination coefficient (16.90) was 
recorded from ESWYT-5 (V1) when the seed primed with 
10% PEG concentration whereas the minimum 
germination coefficient (12.55) was recorded from 
ESWYT-7 (V4) when the seed was not primed with osmo 
or hydro priming solutions. ESWYT-6 showed similarity 
with ESWYT-5 under all the priming solutions. This result 
was in line with the findings of Baque et al. [24] and Huns 
and Sung [55] who reported that seed priming resulted 
from anti-oxidant increment as glutathione and ascorbate 
in the seed. These enzymes trigger germination speed via 
reduction of lipid peroxidation activity; as a result 
germination coefficient was higher in osmo and hydro 
primed seed compare to that of non-primed seeds. Baque et 
al. [24] reported that the highest germination coefficient 
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was recorded when the seed primed with 10% PEG 
solution compared to that of osmo and hydro primed seed. 
Osmopriming of Italian ryegrass (Lolium multiflorum) and 
sorghum (Sorghum bicolor) seeds with 20% PEG-8000 for 
2 d at 10°C enhanced germination coefficient of wheat 
genotypes under water stress, waterlogging, cold stress and 
saline conditions Hur [56]. It has been evident that priming 
had resulted in more germination speed especially in salt 
and drought stress, saline stress and low temperatures in 
sorghum, sunflower, and melon Kaya et al. [31], Sivritepe 
et al. [57] and Foti et al. [58]. 

 

Different level of PEG concentration 

Line graph 9.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the germination coefficient of wheat genotypes (LDS (0.01) = 
1.17, 1.07, 0.62, 0.85, 0.82 and 0.86 at 0%, water, 5%, 10%, 15% and 20% 
PEG concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= 
BARI Gom 28 and V4= ESWYT-7  

3.10. Vigor Index 

Line graph 10 showed that, the maximum vigor index 
(311.30) was accounted from wheat genotype ESWYT-5 
(V1) when the seed primed with 10% PEG solution and 
minimum vigor index (136.20) was achieved from 
ESWYT-7 (V4) when the seeds were not primed either 
osmo or hydro priming solutions. In case of vigor index, 
ESWYT-5 distinctly scored the highest value under all the 
osmo and hydro priming solutions whereas ESWYT-7 
consistently performed poor and ESWYT-6 and BARI 
Gom 28 scored intermediate value. This result was also in 
agreement with the findings of Baque et al. [24], Maiti et al. 
[59] and Maiti et al. [44] who reported that seed priming 
increases the seedling vigor of several vegetable crops and 
concerning sponge gourd, osmo-priming increased 
seedling vigor. Nascimento and West [52] mentioned that, 
the minimization of seed coat adherence during the 
emergence of muskmelon seeds after priming. The 
advancement in germination and vigor of soybean plant 
was probably due to the reserve mobilization of food 
material, activation and re-synthesis of some enzymes, 
DNA and RNA synthesis started during osmotic priming 
Sadeghi et al. [60]. There might be the possibility that 
similar germination responsive genes may be activated 
because of chitosan priming under osmotic stress. Baque et 
al. [24] found that maximum vigor index was recorded 

when the seed primed with 10% PEG solution. 
Osmopriming of Italian ryegrass (Lolium multiflorum) and 
sorghum (Sorghum bicolor) seeds with 20% PEG-8000 for 
2 d at 10°C increased the vigor index. 

 

Different level of PEG concentration 

Line graph 10.  Effect of various concentrations of Polyethylene Glycol 
(PEG) on the vigour index of wheat genotypes (LDS (0.01) = 13.38, 17.31, 
23.62, 23.76, 24.61 and 17.18 at 0%, water, 5%, 10%, 15% and 20% PEG 
concentrations, respectively); V1= ESWYT-5, V2= ESWYT-6, V3= BARI 
Gom 28 and V4= ESWYT-7  

4. Conclusions 
Considering the above results obtaining from the present 

piece of work it may be concluded that PEG has a positive 
effect on germination, seedling growth and water relation 
behavior on wheat seed. Among four wheat genotypes, 
ESWYT-5 wheat genotypes were performed best in most 
of the germination, seedling growth and water relation 
behavior of wheat where wheat genotypes ESWYT-6 and 
BARI Gom 28 showed moderate results and ESWYT-7 
showed consistently poor performance. All the parameters 
of wheat genotypes gave the best results when seeds treated 
with 10% PEG solution compared to nonprimed and hydro 
primed seeds and the recorded results decreased gradually 
with increasing PEG concentration. So, it can be concluded 
that seed treated with Polyethylene Glycol (PEG) helps to 
increase the germination, seedling growth and water 
relation on wheat genotypes. 
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