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Abstract 
 Crop tolerance to salinity is of high importance particularly in the arid and semi-arid regions and pre-
sowing seed treatments have been used to overcome the effect of salt stress problem. In the present 
experiment, on-farm primed (pearl millet seed soaked in distilled water at 25Cº in the dark for 10 hr) and dry 
seeds were then germinated in petri dishes under six levels of salinity (control (0), 40, 80, 120, 160 and 200 
mM NaCl) under laboratory conditions. The investigation was carried out in a completely randomized design 
(CRD) with factorial arrangement and each treatment was replicated four times. The results showed that there 
were significant differences (P < 0.05) for mean germination time (MGT) and time taken for 50% 
germination (T50) in all salinity levels. Salinity stress decreased the seed germination traits however, on-farm 
priming improved it. The value of germination index (GI), seed vigor index (SVI) and germination stress 
index (GSI) decreased by increasing salt stress and value was recorded in case of dry seed sown as compared 
to primed. Results also indicated that maximum reduction in germination percentage (GP) was 12.61 and 
8.57%, however; increase in T50 was 129 and 69% in dry and primed seed respectively, sown at highest level 
of salinity (120 mM) compared to control treatment. These findings suggest that on-farm priming is an 
effective method to increase seed germination grown under moderate salt stress. 
 

Introduction 
 Soil salinization is a global issue of dryland agriculture and improper management of 
irrigation methods and farming practices it is also spreading in irrigated (Abraha and Yohannes 
2013). Salinity present in the soil has a physiological affect by decreasing the water uptake and by 
lowering osmotic potential of plant (Paparella et al. 2015, Ibrahim 2016). It delays the germination 
of seed as well as final germination percentage and subsequently affects the plant growth (Rahman 
et al. 2000). Many strategies have been being applied to induce stress tolerance in crops; among 
them, at germination stage, seed priming is easy, low-cost, an effective and practically applicable 
technique to enhance rapid and uniform germination especially under an adverse environment 
(Paparella et al. 2015). It is pre-sowing treatment for water uptake (imbibition) and it precedes the 
first stages of germination, however prevents the rupturing of seed coat and ultimately protrusion 
radicle (Farooq et al. 2009, Silva et al. 2015). 
 Soaking of seed in water, surface drying and same day sowing is termed as on-farm priming. 
The priming treatment consists of safe limit and it is considered that seed or seedling should not be 
damaged during premature germination. It is considered that on-farm priming is a low cost 
technology, and provide immediate benefit and also access to other benefits (Harris et al. 2001). It  
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is especially useful and practically adoptable for the poor farmers holding the marginal lands for 
cultivation (Harris et al. 1999, 2005). Furthermore, on-farm priming enhances the germination as 
well as emergence and provides other benefits like establishment of crop stand (Murungu et al. 
2004). On-farm seed priming is very simple technique as compared to techniques used in crops of 
temperate region like halo-priming and matri-priming. The main purpose of on-farm seed priming 
is just rapidly soak the seed and sow it in hydrated condition to give rise the germination as well as 
emergence (Pill 1995). 
 Pearl millet (Pennisetum glaucum L.) is a cross-pollinated cereal crop and grown for fodder as 
well as for grain purposes, especially in Asia and eastern Africa (Martel et al. 1997, Kapila et al. 
2008). The cultivated area of pearl millet in Pakistan is of 486 thousands hectares and annual 
production of 299 thousands tones (Anonymous 2015-16). The seed has high nutritional value 
(Khairwal et al. 1999), containing large number of vitamins and minerals including 7-11% 
proteins, 60-70% carbohydrates, 2-7% crude fibre and 1.5-5% fat (Singh et al. 2012). The green 
fodder of pearl millet is used as a feed for livestock all over the country (Arif et al. 2010). It is an 
annual crop and considered tolerant to adverse environmental conditions (Rachie and Majumdar 
1980).  
 The investigation was conducted in the controlled conditions of laboratory and the objective 
was to improve the seed germination potential of pearl millet crop under salinity stress by using 
on-farm seed priming technology. 
 
Materials and Methods 
 This investigation was done to check the effect of on-farm priming on the germination of 
pearl millet seeds sown under different salinity levels. The planned study was carried out in the 
laboratory of Department of Environmental Sciences of COMSATS University Islamabad (CUI), 
Vehari Campus in the Province Punjab of Pakistan. The seeds of pearl millet (YBS-83) were 
collected from the Maize and Millet Research Institute Sahiwal as this cultivar is registered and 
approved for cultivation and considered very suitable for grain as well as forage production. Thirty 
seeds were placed in each Petri dishes and filter paper (Whatman No. 1) was placed on both sides 
of seed. The soaked seed of pearl millet in distilled water at 25°C in the dark for 10 hrs and then 
surface dried considered as on-farm priming seed (Harris et al. 2002). The solution of NaCl of 
different concentration i.e. (control (0), 40, 80, 120, 160 and 200 mM NaCl) were prepared by 
dissolving calculated amount of NaCl and solution of 10 ml of relevant concentration was added 
to each Petri dish (Asgharipour and Rafiei 2011). The Petri dishes were washed fist with the tap 
water, and then distilled water was used for rinsing followed by hot air sterilization at 170°C for 4 
hrs (Muhammad and Hussain 2010). The Petri dishes were placed in the laboratory at room 
temperature (23 ± 5°C) and relative humidity of 50 ± 5% (ISTA 2011). The experiment setup had 
factorial arrangement in a completely randomized design and each treatment was replicated four 
times. Association of Official Seed Analysis (AOSA 1990) method was followed for counting 
daily seed germination  until the germination become constant.  
 Soon after the first day of sowing of seed, the germinated seeds were counted on daily basis at 
11.00 am and seed containing 10mm radical length were considered as germinated (Goertz and 
Coons 1989). The counting of seed germination was continued till the germination constant. The 
final counting of germinated seed was considered to calculate the germination percentage (GP). 
The GP was calculated by the formula as given by ISTA (2009). Time Taken for 50% germination 
was calculated by using the formula of Farooq et al. (2005). 
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 Mean germination time was calculated according to the equation described by Ellis and 
Roberts (1981).  In order to calculate germination index (GI), Maguire equation (Maguire 1962) 
was used. From the 2nd day to 7th once in 24 hours the germinated seeds were counted and GI or 
speed of germination (SG) was calculated. Seed Vigor Index (SVI) was calculated by following 
the formula of Abdul-Baki and Anderson (1970). Germination Stress Index (GSI) was determined 
by the formula given below and refers to salt tolerance (Bouslama and Schapaugh 1984). 
 
         GSI =           x 100 
  
 Data collected during the course of study was analyzed statistically by using Fisher’s 
ANOVA technique and LSD test of probability at 5% was used to compare the mean values of 
treatments (Steel et al. 1997). 
 
Results and Discussion 
 On-farm seed priming also known as seed soaking is an effective technology for a rapid and 
uniform germination which results in good establishment of crop stand. It is very simple soaking 
technique to start metabolic activities before start of germination. Although salinity stress 
decreased the germination percentage (GP), however, non-significant (p > 0.05) differences were 
observed among the salinity treatments up to 160mM both in dry and primmed seed in term of GP. 
Maximum GP (88 and 86%, respectively) was recorded in the control (water) treatment, while 
minimum GP (80 and 75%) was observed at highest treatment of salinity (200 mM) for primmed 
and dry sown seed, respectively (Table 1). On-farm priming technology play important role in 
improving the germination under salt stress (Abro et al. 2009). The seed water uptake is important 
factor for germination and increasing concentration of salinity in the growth medium caused 
decrease in the uptake of water (Gonzalez and Ramirez 1999, Mensah and Ihenyen 2009). Gulnaz 
et al. (1999) also observed that pre-sowing seed soaking mitigate the effect of salt on germination 
of wheat. Highly positive correlation coefficient (r = 0.98**) was found between GP and GI 
(Table 3) and regression value also show strongly positive association i.e. R2 = 0.99 (Fig. 1a).  
 
Table 1. Effect of salinity on GP, MGT and T50 parameters under dry and on-farm primmed seed of 

pearl millet.  
 

NaCl levels 
(mM) 

GP MGT T50 

Dry On-farm 
priming Dry On-farm 

priming Dry On-farm 
priming 

Control (water) 85.83 a 87.50 a 2.71 de 2.55 e 0.94 d-f 0.83 f 
40 85.00 a 85.83 a 2.90 de 2.70 de 1.06 d-f 0.91 ef 
80 82.50 ab 85.00 a 3.05 c-e 2.93 de 1.17 b-f 1.17 b-f 
120 80.00 ab 82.50 ab 3.56 a-c 3.19 cd 1.54 bc 1.18 b-f 
160 77.50 ab 80.83 ab 3.85 ab 3.52 bc 1.63 b 1.37 b-e 
200 75.00 b 80.00 ab 4.04 a 3.80 ab 2.15 a 1.40 b-d 

LSD value 10.06 0.52 0.47 
 

Means followed by the same letter are not significantly different at p < 0.05 level (LSD test). GP = 
Germination percentage, MGT = Mean germination time, T50= Time taken for 50% germination, LSD = 
Least significant difference. 
 

Speed of germination at stress condition (SGc) 
 

Speed of germination at control condition (SGc) 
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 Mean germination time (MGT) of both dry and on-farm primmed sown seed increases 
significantly with the increasing salinity levels. The MGT differs non-significantly (p > 0.05) 
between dry and primmed sown seed in each salinity treatment (Table 1). Maximum MGT (4.04 
and 3.80 days) was recorded at highest salinity levels (200mM) and minimum MGT (2.71, 2.55 
days) was observed in control in dry and primmed seed sown, respectively. As far as taken for 
50% germination (T50) is concerned, it increased with increasing the salinity concentration 
(salinity levels). The difference of T50 between dry and primmed seed was non-significant, except 
at highest level (200mM) of salinity where maximum T50 (2.15 days) was recorded in dry seed.  
 

 

Fig. 1. Relationship of germination  (A), MGT (B) and time T50 (C) with salinity levels of pearl millet seed. 
 
 

 

Overall higher T50 value was observed in dry seed as compared to primmed seed at all the salinity 
treatment (Table 1). The NaCl salinity affects the seed germination by decreasing water uptake of 
seed and ultimately delayed the MGT (Okcu et al. 2005). Langeroodi and Noora (2017) also found 
that seed hydration improved the seed vigor by decreasing the T50 as well as MGT. 
 The value for correlation coefficient between all possible combinations of parameters was 
calculated (Table 2). The results of correlation coefficient indicate that MGT has a highly 
significant positive association with T50 (0.93**) and negative with GI (-0.97**), GP (-0.98**) 
and SVI (-0.95**). Furthermore, highly negative association of T50 was observed with GI, GP 
and SVI. The regression analysis indicates strong relationship of MGT (R2 = 0.99) and T50 (R2 = 
0.94) with increasing salinity levels (Fig. 1 b and c). 
 Germination index (GI) called as speed of germination (SG), increased when the treatment of 
NaCl salinity decreased. In case of primmed seed no significant difference of GI was recorded 
with increasing the salinity stress, however, reduction in GI of dry seed was not significant up to 
160mM but at highest salinity level (200mM) it differed significantly (p<0.05) with respect to 
control (water) treatment. Germination index better indicated for the vigor of seed (Wang et al. 
2004) and salinity stress at germination stage significantly affect the GI (Cokkizgin 2012). Besides 
other benefits, on-farm priming directly play role in producing more vigorous seedling and better 
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tolerance to stress environment (Harris et al. 1999). Germination index has a significant and 
positive correlation with GP (0.98**) and SVI (0.94**).  
 
 
 

Table 2.  Pearson correlation coefficient (r) for analyzed variables of pearl millet. 
 

  GP T50 MGT GI SVI GSI 
GP 1.00 -  -  -  -  -  
T50 -0.97** 1.00 -  -   - -  

MGT -0.98** 0.93** 1.00 -   - -  
GI 0.98** -0.97** -0.97** 1.00  - -  

SVI 0.94** -0.90** -0.95** 0.94** 1.00 -  
GSI -0.11NS 0.08NS 0.10NS -0.18NS -0.06NS 1.00 

 

*,** Significant at 0.05 and 0.01 probability levels, respectively. 
 
 

Table 3. Effect of salinity on GI, SVI and GSI parameters under dry and on-farm primmed seed of 
pearl millet. 

 
NaCl levels 
(mM) 

GI SVI GSI 
Dry On-farm 

priming 
Dry On-farm 

priming 
Dry On-farm 

priming 
Control (water) 33.20 ab 41.43 a 102406 b-d 161548 a - - 
40 31.33 a-c 41.15 a 106797 bc 139328 b 104.33 a 88.41 ab 
80 30.65 a-c 38.09 a-c 90379 cd 115066 cd 88.41 b 73.15 b-d 
120 29.11 a-c 37.71 a-c 86564 de 112803 cd 84.84 bc 71.80 c-e 
160 27.59 bc 36.34 a-c 61402 f 88442 ef 60.69 d-f 55.492 e-g 
200 26.20 c 35.72 a-c 44445 g 71928 fg 43.02 g 45.21 fg 
LSD value 6.74 20246 16.11 

 
Means followed by the same letter are not significantly different at p < 0.05 level (LSD test). GI = 
Germination index, SVI = Seed vigor index, GSI = Germination stress index. 
 
 Seed vigor index (SVI) improved by on-farm priming and salinity treatments had a significant 
differences in terms of SVI (p<0.05). With increasing the salinity levels the SVI decreased both in 
dry and primmed sown seed. Regression analysis indicate significant relation (R2 = 0.97) of 
increasing salinity treatments with SVI (Fig. 2b). These results of current study (GI and SVI) are 
in agreement with the finding of Ozdener and Kutbay (2008), and they reported that GP and rate 
of germination were reduced by increasing salinity levels and it may be due to osmotic stress 
caused by reduced water uptake or ion toxicity (Khan et al. 2008). On-farm priming is considered 
as key technology to increase the seed vigour and early growth of seedling (Harris et al. 2001). 
 Analyzed data showed considerable variation regarding GSI (Table 2), and the noted index 
was significantly reduced for by increasing salinity stress treatment. The highest value of GSI was 
found in control treatment and the lowest value is related to highest salinity treatment (200mM) 
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both in dry and primmed sown seed (Table 2). Furthermore, GSI exhibited a strong association (R2 

= 0.96) with increasing the salinity levels (Fig. 2c). 
 

 
Fig. 2. Relationship of germination index (A), seed vigor index (B) and germination stress index (C) with 

salinity levels of pearl millet seed. 
 
 Germination stress index (GSI) is a criterion for measuring stress tolerance (Bouslama and 
Schapaugh 1984) and it is considered an appropriate value for estimation under stress condition 
(Sapra et al. 1991). The value of GSI is used in to observe the effect of treatment, as in the present 
experiment it was significantly reduced at higher salinity level (200mM) compared to lower 
salinity level both in primmed and dry sown seed.  
 On-farm seed priming is safe, very effective and easily can be easily adopted by the farmers 
having poor resources and it has potential to benefit the poor farmers. It has been observed from 
results of present study that pearl millet is moderately tolerant to salinity at germination stage and 
emphasis the positive effect of on-farm priming on seed germination parameters. Further thorough 
investigations would warrant unveiling the tolerance of pearl millet at later on stages of plant 
when grown in moderately saline field.  
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