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Abstract 
 

The low wheat yield in salt-affected soils is often attributed to low seed germination, emergence 
and poor seedling establishment. Seed priming technology has been found valuable but is not 
extensively used in salt affected areas. The priming experiment was conducted in farmer’s field 
having two salinity levels (ECe 8.01 dSm-1 pH 8.10 and ECe 11.90 dSm-1 pH 8.01 respectively) with 
five landrace genotypes i.e. SALU1a, SALU1b, SALU2, SALU3, SALU4 and a local commercial 
variety TJ-83. The priming treatments resulted significant increased germination percentage as well as 
induced earliness of germination, emergence, heading and maturity of all the genotypes at both 
salinity levels. The genotype SALU4 was observed having the highest germination percentage under 
priming while SALU2 was the lowest. Similarly, the number of days to emergence, heading and 
maturity decreased significantly in primed seeds at both salinity levels while genotype SALU4 was 
found earliest emerging, heading and maturing. The priming increased 1000-grain weight (g) 
significantly and genotype SALU1b was observed with highest 1000-grain yield.  
 
Introduction 
 

Most of the irrigated lands of Pakistan, where wheat and rice are grown in same 
system, are facing the problem of increasing soil salinity and sodicity. About 8.133 million 
ha land is affected by salinity/sodicity (Azhar & Tariq, 2003) and majority of the areas are 
out of cultivation. The rate of increase in this problem is as high as about 40,000 ha of 
arable land are lost annually and even good quality irrigation water can add up to 5 tons salt 
ha-1year-1 (Ghassemi et al., 1995).  The wheat is grown on all type of soils and is classified 
as a moderate salt tolerant crop (Mass & Hoffman, 1977). Since, the yield is a best measure 
of crop tolerance to salinity, therefore the yield losses of wheat on low salt-affected soils 
and moderate salt-affected soils are estimated 25% and 65% respectively (Qayyum & 
Malik, 1988). To develop the new high yielding wheat genotypes and the developed 
methods, which can increase the crop yield on such problem soils, is main objective of 
current research.  A landrace is a mixture of genotypes of a crop that have resulted from 
natural selection or farmer’s saving seed of the best lines for sowing again the next year, 
following centuries of cultivation in the presence of different environmental stresses, they 
are genetically well adapted to the stress environments. The salt tolerant abilities of 
landraces have been evaluated by many workers for eaxample Rana (1986) observed a 
number of high salt tolerant landraces from Rajasthan, India, whereas Martin et al., (1994) 
during screening 1700 wheat accessions found landraces more tolerant to salinity than 
others. The same results were reported by Kingsbury & Epstein (1984) evaluating 29 
landrace lines from 5000 with high salt tolerance. 
*E-mail akhsaeed@gmail.com 
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Table 1. The origin of 5 Landrace genotypes and their sodium Na+ content and potassium/ 
sodium (K+/Na+) ratio under controlled environment (n =4). 

Sodium Na+ 

(150 mol.m-3) 
Potassium/Sodium 

K+/Na+ Variety Origin under 
controlled conditions Mean SE ± Mean SE ± 

SALU1a Landrace B25/4 57.5 6.45 5.54 0.86 
SALU1b Landrace B25/4 57.2 5.60 5.45 0.57 
SALU2 Landrace B25/4 74.6 14.80 6.45 1.71 
SALU3 Landrace B25/4 69.8 8.30 5.16 0.68 
SALU4 Landrace B25/4 65.7 4.97 6.06 0.48 

Source: Mahar (1999).  
 
Mahar et al., (2003) observed high salt tolerance as well as good yield potential in 

landraces. However, they reported that the yield was low than the commercially 
developed varieties. The major factor contributing to the limited yield in wheat, on salt-
affected soils, is low germination and poor crop stand and establishment (Harris, 1992; 
Harris, 1996). The on-farm seed priming has been found a technology with minimum risk 
to enhance the pre-sowing seed metabolic activities (Gurusinghe et al., 1999) thus the 
effects of salt stress are avoided at germination level. In result priming not only increases 
the germination percentage but also it enhances the earliness (Rashid et al., 2002)  which 
leads to better crop stand and consequently results in high yields. The present study was 
carried out with a primary objective to measure yield potential of landraces, and to 
analyze efficacy of on-farm seed priming technology in improving yield potential of 
landraces particularly on salt-affected soils. 
 
Materials and Methods  
 
The plant material: The five Landrace wheat genotypes i.e., SALU1a, SALU1b, 
SALU2, SALU3 and SALU4 along with local commercial TJ-83 as check were selected 
for this study. The selection of landrace genotypes was made on the basis of their 
previous performance to maintain high Na+ content and high shoot Na+/K+ ratio when 
subjected to 150mM NaCl solution during their development under the controlled 
conditions of Pen-y-Ffrid field station, University of Wales, Bangor, UK (Table 1). The 
TJ-83 was added to the experiment with a high yield potential under local environmental 
conditions.  

The germination experiment was conducted in laboratory of Botany Department, 
Shah Abdul Latif University, Khairpur, during 2005-2006. The seeds of 6 wheat cultivars 
i.e., SALU1a, SALU1b, SALU2, SALU3, SALU4 (All Landraces) and TJ-83  (local 
commercial) were sown in oven sterilized 90 mm Petri dishes lined with three layers of 
tissue paper covered by double layer of filter paper. The tissue papers were used to keep 
the environment saturated for long periods. The 30 seeds per dish per genotype were 
sown with four replications. The pre-sowing treatments were,  
T1= Control i.e., dry seeds. 
T2= Seeds soaked in double quantity of water for 10 hours. 
The post-sowing treatments were, 
T1= Irrigation with normal water. 
T2= Irrigation with 200mM Nacl: Cacl solution with Na: Ca molar ratio of 20:1 (Gorham 
et al., 1986).  
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The lid covered dishes were kept in growth chamber (Eylatron, Eyla Japan) at 20oC 
day/night constant temperature and were irrigated with the respective solutions when ever 
filter papers began to dry. The germination was recorded on the emergence of radicle up 
to 2mm. The data for germination percentage and rate was recorded after each 12 hours 
up to 72 hours. 
 
The field experiment: During, fall 2005-2006, the seeds of all genotypes were soaked 
overnight in double quantity of tap water (described primed hereafter) and surface dried 
in shadow. Another seed set was kept un-soaked (described un-primed hereafter). The 
primed and un-primed seeds of each genotype were sown in two localities of village 
Lanishan having ECe 8.01 and 11.90 dSm-1 and pH 8.10 and 8.01 respectively. The 
complete randomized block design having priming and un-priming treatments in main 
plots and genotypes in sub-plots with four replications were used. The data for emergence 
(when 50% plants emerged from soil), heading (when 50% plants headed) and maturity 
(when 50% heads turned to golden colour) along with plant height (cm), grains per spike, 
grain weight per plant were recorded and subjected to statistical analysis.  
 
Statistical analysis: The data was statistically analyzed for analysis of variance to assess 
the significant differences among variables. While the individual mean differences for 
treatments, genotypes as well as salinity levels were analyzed using least significant 
difference test at 0.05% probability (Steel & Torie, 1980). 
 
Results and Discussions 
 
Germination: The priming treatments showed significant increase (p>0.01) in 
germination of all genotypes (Fig. 1) as compared to the non-priming treatments. Despite 
restriction the primed seeds showed high germination under saline conditions. The 
salinity restricted all genotypes to reach 100% germination under un-primed conditions 
but however under primed conditions it was obtained in all genotypes. The seed water 
uptake is important factor for germination and it has been found that increasing salinities 
caused significant decrease in water uptake by rice seeds (Gonzalez & Ramirez, 1999). 
Gulnaz et al., (1999) observed that pre-sowing seed soaking in growth regulators could 
mitigate the germination reduction caused by salinity in wheat. In our study it has been 
maintained by pre-sowing seed priming and the similar findings has been reported by 
Rashid et al., (2002). The early and faster metabolic activities, induced by priming, are 
reported which increased rapid rates of radicle emergence (Heydecker & Coolbear, 1977; 
Bradford, 1986 and Khan, 1992). Thus seed priming has typically been used to enhance 
germination (Taylor et al., 1998). The priming hastened earliness of germination, as at 12 
hrs there was no germination in un-primed seeds irrigated with either salt solution or 
water while at same time it started in the primed seeds. The primed seeds irrigated with 
water obtained 100% germination after 48 hours while it took 72 hours in un-primed 
seeds irrigated with water (Fig. 1). Under salt conditions the 100% germination was also 
obtained after 48 hrs in primed seeds while it did not reach to this point up to 72 hrs in 
un-primed seeds (Fig. 1).  

The genotype SALU4 was observed with significantly higher (p>1%) germination 
percentage under primed conditions irrigated with salt solution, (Fig. 2.) and took 
minimum time to reach the final percentage. Thus it was considered as early germinating 
genotype under salt stress if primed. The lowest germination % was observed in genotype 
SALU2 under primed and irrigated with solution. Thus it was found late germinating and 
most adversely affected by salt solutions despite priming. 
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Fig. 1. Effects of priming treatments on the mean percentage germination of landrace wheat 
genotypes at various time intervals. 
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Fig. 2. Effects of seed priming on the germination percentage of six genotypes under different time 
intervals. 
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The field experiments: The analysis of variance showed highly significant differences 
(p>1%) for days to 50% emergence between treatments and genotypes (Table 2). The 
least significant test LSD (0.05%) showed high differences among mean values of 
treatments as well as genotypes at both higher and lower salinities. The LSD (0.05%) for 
sites, however, was found non-significant (Table 2). The number of days to heading 
significantly decreased in primed treatment at both salinity levels. The analysis of 
variance showed that treatments and genotypic differences were highly significant 
(p>1%) (Table 3). LSD (0.05%) indicated that there were high differences between 
individual means of genotypes as well as treatments (Table 3), while the non-significant 
differences were found between sites. 

The genotype SALU4 was found earliest heading genotype with mean days to 50% 
heading 68.25 and 76.25 under primed treatments at site 1 and at site II, 67.50 and 74.12 
under primed and non-primed treatments respectively (Table 3). The priming hastened 
early maturity in all genotypes. However, the genotype SALU4 was found earliest 
maturing at both sites under primed as well as non-primed treatments (Table 4). A 
significant difference at p>1% was found between treatments while the salinity levels 
didn’t produce significant differences. LSD (0.05%) confirmed the individual treatment 
mean differences as well as individual genotypic mean differences.  

Despite positive effects on plant life cycle, the priming, however, did not show any 
effect on the agronomic characters like plant height and number of grains per plant while 
the genotypes and sites were observed highly significant for both the traits (Tables 5 and 6). 
The genotype SALU1b was found producing significantly higher above ground biomass 
and number of grains per plant at both sites although there was a significant decrease with 
increasing salinity stress (Tables 5 and 6). The priming affected grain weight (g) per plant 
positively and the significant percentage increase has been observed in the primed seeds as 
compared to non-primed seeds. The treatments, genotypes and sites were found significant 
at p>1% (Table 7). The genotype SALU1b was found producing highest grain weight (g) 
per plant. Since, the earliness is valuable particularly in areas of wheat cultivation where 
temperature increases during grain-filling periods. High temperature after anthesis, 
particularly in wheat and barley, is an important yield-limiting factor affecting grain size 
(Wardlaw et al., 1989). Although the plant height and number of grains per plant were not 
affected by priming but however the 1000-grain weight was observed highly positively 
affected. This ultimately leads to high grain yields of wheat genotypes particularly under 
low fertile soils.  

It is concluded from the present study that the on-farm seed priming has enhanced 
germination in all genotypes including induced earliness in germination, emergence, 
heading as well as maturity of the genotypes. Due to the earliness and enhanced 
germination the overall grain yield increased significantly suggesting that the technique 
can be a valuable tool to enhance wheat yield on salt-affected soils.  
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Table 2. The effects of seed priming on the days to 50% emergence of six wheat genotypes 
grown under two salinity levels. The values are mean of four replications. 

Site I Site II 
ECe 8.01 dSm-1 pH 8.10 ECe 11.90 dSm-1 pH 8.01 

Mean Varieties 
Primed Un-primed Primed Un-primed Site 1 Site II 

SALU1a 3.75 7.25 3.50 6.75 5.50 5.13 
SALU1b 4.25 7.25 4.00 7.75 5.75 5.88 
SALU2 4.25 7.50 4.25 7.50 5.88 5.88 
SALU3 5.00 6.75 4.75 7.75 5.88 6.25 
SALU4 3.75 7.75 3.75 7.25 5.75 5.50 
TJ-83 4.25 7.25 4.25 7.00 5.75 5.63 
Mean 4.21 7.29 4.08 7.33 5.75 5.71 
LSD(0.05) for treatments 0.28   
LSD(0.05) for varieties 0.48   
LSD(0.05) for sites 0.28   

 
Table 3. The effects of seed priming on the days to 50% heading of six wheat genotypes 

grown under two salinity levels. The values are mean of four replications. 
Site I Site II 

ECe 8.01 dSm-1 pH 8.10 ECe 11.90 dSm-1 pH 8.01 
Mean Varieties 

Primed Un-primed Primed Un-primed Site 1 Site II 
SALU1a 82.25 94.25 82.25 90.21 88.25 86.23 
SALU1b 85.75 95.25 85.75 96.25 90.50 91.00 
SALU2 80.25 88.75 80.00 90.00 84.50 85.00 
SALU3 85.25 93.64 85.25 93.69 89.45 89.47 
SALU4 80.25 90.75 80.25 89.75 85.50 85.00 
TJ-83 68.25 76.25 67.50 74.12 72.25 70.81 
Mean 80.33 89.81 80.08 89.00 85.07 84.58 
LSD(0.05) for treatments 0.28   
LSD(0.05) for varieties 0.48   
LSD(0.05) for sites 0.28   

 
Table 4. The effects of seed priming on the days to 50% maturity of six wheat varieties 

grown under two salinity levels. The values are mean of four replications. 
Site I Site II 

ECe 8.01 dSm-1 pH 8.10 ECe 11.90 dSm-1 pH 8.01 
Mean Varieties 

Primed Un-primed Primed Un-primed Site 1 Site II 
SALU1a 115.75 124.75 115.25 124.75 120.25 120.00 
SALU1b 124.75 132.50 122.50 132.25 128.63 127.38 
SALU2 115.25 122.75 115.75 122.50 119.00 119.13 
SALU3 132.50 136.00 130.75 134.25 134.25 132.50 
SALU4 115.25 122.50 115.00 121.25 118.88 118.13 
TJ-83 115.50 124.25 115.25 124.50 119.88 119.88 
Mean 119.83 127.13 119.08 126.50 123.48 122.83 
LSD(0.05) for treatments 0.29   
LSD(0.05) for varieties 0.50   
LSD(0.05) for sites 0.29   
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Table 5. The effects of seed priming on plant height (cm) of six wheat varieties grown 
under two salinity levels. The values are mean of four replications. 

Site I Site II 
ECe 8.01 dSm-1 pH 8.10 ECe 11.90 dSm-1 pH 8.01 

Mean Varieties 
Primed Un-primed Primed Un-primed Site 1 Site II 

SALU1a 76.38 75.25 65.25 62.75 75.81 64.00 
SALU1b 99.38 97.25 91.25 91.00 98.31 91.13 
SALU2 104.08 102.25 86.38 84.88 10.3.16 85.63 
SALU3 76.33 75.75 63.13 62.75 76.04 62.94 
SALU4 77.25 77.00 70.63 69.25 77.13 69.94 
TJ-83 67.00 82.77 66.25 64.75 74.89 65.50 
Mean 83.40 85.05 73.81 72.56 84.22 73.19 
LSD(0.05) for treatments 2.01   
LSD(0.05) for varieties 3.48   
LSD(0.05) for sites 2.01   

 
Table 6. The effects of seed priming on number of grains per plant of six wheat varieties 

grown under two salinity levels. The values are mean of four replications. 
Site I Site II 

ECe 8.01 dSm-1 pH 8.10 ECe 11.90 dSm-1 pH 8.01 
Mean Varieties 

Primed Un-primed Primed Un-primed Site 1 Site II 
SALU1a 61.50 61.75 53.25 52.00 61.63 52.63 
SALU1b 75.00 72.00 68.25 67.25 73.50 67.75 
SALU2 70.50 69.00 58.50 58.25 69.75 58.38 
SALU3 66.00 64.75 54.75 54.75 65.38 54.75 
SALU4 56.25 55.00 55.50 56.75 55.63 56.13 
TJ-83 47.00 42.75 47.25 46.75 44.88 47.00 
Mean 62.71 60.88 56.25 55.96 61.80 56.11 
LSD(0.05) for treatments 2.37   
LSD(0.05) for varieties 4.11   
LSD(0.05) for sites 2.37   

 
Table 7. The effects of seed priming on grain weight (g) per plant of six wheat varieties 

grown under two salinity levels. The values are mean of four replications. 
Site I Site II 

ECe 8.01 dSm-1 pH 8.10 ECe 11.90 dSm-1 pH 8.01 
Mean Varieties 

Primed Un-primed Primed Un-primed Site 1 Site II 
SALU1a 6.15 4.65 5.33 4.20 5.40 4.76 
SALU1b 7.50 5.85 6.83 5.40 6.68 6.11 
SALU2 7.05 5.78 5.85 4.88 6.41 5.36 
SALU3 6.60 4.88 5.48 4.43 5.74 4.95 
SALU4 5.63 4.58 5.55 4.05 5.10 4.80 
TJ-83 4.70 4.28 4.75 3.83 4.49 4.29 
Mean 6.27 5.00 5.63 4.46 4.74 5.05 
LSD(0.05) for treatments 0.24   
LSD(0.05) for varieties 0.42   
LSD(0.05) for sites 0.24   

 



SAEED AKHTER ABRO ET AL., 2216 

References 
 
Azhar, M.J. and Y.M. Tariq. 2003. Report on water crises and crop production gaps in Punjab: 

Identification, Risk Analysis and mitigation measures (Wheat perspectives: Improving resource 
management to sustain food security). Science International, Lahore Jan 2003. ISSN 1013-5316.  

Bradford, K.J. 1986. Manipulation of seed water relations via osmotic priming to improve 
germination under stress conditions. Hort. Sci., 21: 1105-1112.  

Ghassemi, F., A.J. Jackman and H.A. Nix. 1995. Salinization of land and water resources. CAB 
International, Wallingford, Oxon UK.  

Gonzalez, L.M. and R. Ramirez. 1999. Water uptake by rice seeds at high salt concentrations, as a 
possible of cultivar tolerance. Cultivos Tropicales, 20(1): 35-37.  

Gorham, J., E. Budrewicz., E. mcDonnel and R.G. Wyn Jones. 1986. Salt tolerance in the triticeae 
salinity-induced changes in the leaf solute composition of perennial Triticeae. J. Exp. Bot., 37: 
1114-1128.  

Gulnaz, A., J. Iqbal and F. Azam. 1999. Seed treatment with growth regulators and crop 
productivity. II Response of critical growth stages of wheat (Triticum aestivum L.) under 
salinity stress. Cereal Res. Comm., 27(4): 419-426.  

Gurusinghe, S.H., Z. Cheng and K.J. Bradford. 1999. Cell cycle activity during seed priming is not 
essential for germination advancement in tomato. J. Exp. Bot., 50: 101-106.  

Harris, D. 1992. Staying in control of rain fed crops. In: Proc 1st Ann. Sci. Conf. of the 
SADCC/ODA Land and Water Management Programme. Private Bag 00108, Gaborone, 
Botswana, October 8-10 1990, pp 257-262.  

Harris, D. 1996. The effects of manure, genotype, seed priming, depth and date of sowing on the 
emergence and early growth of Sorghum bicolor (L.) Moench in semi-arid Botswana. Soil and 
Tillage Research, 40: 73-88.  

Heydecker, W. and P. Coolbear. 1977. Seed treatments for improved performance-survey and 
attempted prognosis. Seed Sci. Tech., 13: 299-355.  

Khan, A.A. (1992). Pre-plant physiological seed conditioning. Hort. Rev., 14: 131-181.  
Kingsbury, R.W. and E. Epstein. 1984. Selection for salt-resistant spring wheat. Crop Sci., 24: 310-315.  
Mahar, A.R. 1999. The comparison of techniques for the development of improved salt-tolerant wheat 

genotypes. Ph.D. Thesis. School of Biological Sci. Univ. Wales, Bangor, Gwynedd, UK.  
Mahar, A.R., J.A. Memon, S.A. Abro and P.A. Hollington. 2003. Response of few newly 

developed salt-tolerant wheat landrace selections under natural environmental conditions. Pak. 
J. Bot., 35(5): 865-869.  

Martin, P.K., M.J. Ambrose, R.M.D. Koebner and A.K. Thompson. 1994. A wheat germplasm 
survey uncovers salt tolerance in genotypes not exposed to salt stress in the course of their 
selection. Aspects of Appl. Biol., 39: 215-222. 

Mass, E.V. and G.J. Hoffman. 1977. Crop salt tolerance current assessment. J. Irrig. Drain., 103: 
115-134.  

Qayyum, M.A. and M.D. Malik. 1988. Farm production losses in salt-affected soil. In: Proc. 1st 
Nat. Cong. Soil Sci. Lahore Pak. Oct. 1985.  

Rana, R.S. 1986. Evaluation and utilization of traditionally grown cereal cultivars of salt-affected 
areas in India. Ind. J. Genet., 46(Suppl.): 121-135.  

Rashid, A., D. Harris, P.A. Hollington and R.A. Khattak. 2002. On-farm seed priming: a key 
technology for improving the livelihood of resource-poor farmers on saline lands. In: 
Prospects for saline agriculture. (Eds.): R. Ahmed and K.A. Malik. 423-431. Kluwer 
Academic Publishers Netherlands  

Steel, R.G.D. and J.H. Torrie. 1980. Principles and procedures of statistics. McGraw Hill Ed. New York.  
Taylor, A.G., P.S. Allen, M.A. Bennet, K.J. Bradford, J.S. Burris and M.K. Misra. 1998. Seed 

enhancements. Seed Sci. Res., 8: 245-256.  
Wardlaw, I.F., I.A. Dawson, P. Munibi and R. Fewster. 1989. The tolerance of wheat to high 

temperatures during reproductive growth. Survey procedures and general response patterns. 
Asut. J. Agri. Res., 40: 1-13.  

 
(Received for publication 19 February 2009) 


