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Abstract
Wheat (Triticum aestivum L.) is the most important cereal crops used for human nutrition in most countries worldwide. The aim investigating the effect of seed pre-treatment by salicylic acid in  sodium chloride conditions on wheat double-haploid lines, the current research has been done in green house laboratory of agriculture university of sari through random and factorial tests which was repeated 3 times in 2015-2016. Test factors included two parent variate(Trident and Molinex), two commercial lines(N-80-19 and N-87-20) and ninelines wheat and 3 levels of salicylic acid 0, 1 and 2 mM and 3 levels of salt(Sodium chloride), 0, 60 and 120 mM and the reactive effects of each level with the other levels. The results of analysis of variance showed significant effect of variety, salinity, salicylic acid and variety× salinity× salicylic acid interaction for all traits at 1% level. The results showed a positive effect of salicylic acid levels on traits under salinity stress. The results showed that salicylic acid can  increase wheat yield under salt stress by reducing the adverse of salinity. In this study, the use of salicylic acid at a concentration of 2 mM during the stress of sodium chloride at a concentration of 60 mM improved plant height, number of grain per spike and  single plant yield. But at a concentration of 120 mM sodium chloride, one mM of salicylic acid was found to improve these traits. 
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Introduction:
Wheat (Triticum aestivum L.) is the most important cereal crops used for human nutrition in most countries worldwide. It is a moderately salt-tolerant crop and is often grown on newly-reclaimed saline soils in Egypt. On the other hand, the cultivation of wheat will be restricted or even prevented in such soils if their salinity reached about 10 dS m-1 due to the severe reduction in wheat growth and productivity(Rady et al., 2016). Salt stress is one of the major abiotic stresses in arid and semi arid regions of the world and hampers the agricultural output by lowering the yield of various crops. Accumulation of soluble salts in the soil leads to osmotic stress, biochemical imbalance, specific ion toxicity and ionic imbalance in plants ( Ghai   et al., 2014). Salicylic acid (SA) is as an important signaling molecule for modulating plant responses to environmental stresses (Breusegem et al., 2001). Salicylic acid is produced by root cells(Moradi and rezvanimoghadam, 2009). Although application of SA to various plants grown on saline soil has been examined frequently, there is little information on the recovery of plants from salinity damage using SA(Pirasteh-Anosheh et al., 2014). Salicylic acid, by changing the hormonal balance, causes the accumulation of auxins and ABA without effecting the amount of cytokinin, which is the same as applying to seeds treatment or seedling treatment(Motiee and armin, 2001). Treatment wheat with 0.5 mM salicylic acid solution  increases cell development in the terminal meristem of wheat root, thus increasing the growth and production of wheat(Sakhabutdinova et al., 2003). Dixit and  Deli(2010) stated in a test that attributes such seed number, grain weight and grain yield are the most important traits that are highly sensitive to salinity stress. The results of Mashi and Galeshi( 2006) research on the barley showed that the grain yield decreased when the plant was affected by salinity from it’s inception.
Since salinity is a limiting factor in the growth and development of crops in many plants, the aim of this study was to evaluate the effect of salicylic acid on wheat yield under sodium chloride stress.


Materials and Methods
The current research has been done in green house laboratory of agriculture university of sari through random and factorial tests which was repeated 3 times in 2015-2016. Test factors included two parent variate(Trident and Molinex), two commercial lines(N-80-19 and N-87-20) and ninelines wheat and 3 levels of salicylic acid 0, 1 and 2 mM and 3 levels of salt(Sodium chloride), 0, 60 and 120 mM and the reactive effects of each level with the other levels. First, in each petri dish, one filter paper and 10 seeds were disinfected with benomyl fungicide. In petri dishes, 10 ml of the solutions of each treatment were poured and stored during the experiment in the incubator at 22 oC. After seven days from each petri dish, five seedlings were selected for the next stage of growth and transferred to the greenhouse randomly and cultivated in the pot. Irrigation operations were carried out until the reproductive stage. After full consideration seeding, in order to meansure traits bush height, number of grain per spike,   hundred grain weight and single bush yield, the impression was made.
Data were analyzed using SAS 9 statistical software and comparison of mean treatments with LSD test was performed at 5% probability level and charts are plotted with Excel 2010 software. 

Results and discussion
The results of analysis of variance(Table-1) showed significant effect of variety, salinity, salicylic acid and variety× salinity× salicylic acid interaction for all traits at 1% level.



Bush height:
Based on the comparison of the mean of treatments with LSD test(Figure-1), the highest height in line DH69 with 112.6 cm in combination treatment of 1 mM salicylic acid and 120 mM sodium chloride and the lowest height in line DH227 with 36.13 cm in the treatment of  sodium chloride with conecentration 60 mM was observed. Among 13 genotypes, in 5 genotypes of sodium chloride increased height and in other genotypes, sodium chloride decreased plant height. The effect of salicylic acid on sodium chloride 60 mM increased the height of most genotypes. The results also showed that a salinity level of one mM of salicylic acid had a positive effect on plant height in about 69.23% of genotypes under 120 mM sodium chloride stress, about however, it should be noted that the level of 2 mM of salicylic acid on the trait under the stress of 120 mM sodium chloride has a diminutive effect or has not a dramatic effect. 


Figure 1. Interaction between genotype, salinity and salicylic acid on plant bush height of wheat double haploid cultivars and lines.


Number of grain per spike:
Based on the comparison of the mean of treatments with LSD test(Figure-2), the highest  number of grain per spike in line DH2 with average 36.33 in concentrated salinity treatment with a sodium chloride concentration of 60 mM and the lowest is N-80-19  in concentration of 60 mM sodium chloride and DH69 at a concentration of 120 mM sodium chloride with mean of 4.33 . Salinity levels in wheat double haploied lines compared to non-stressed conditions(control) increased the number of grain per spike, but in parental cultivars(Molinex and Trident), salinity alone reduced the number of seeds per spike. Salicylic acid levels increased the number of grain under salt stress. The results of the effect of salicylic acid levels under 60 mM salinity showed that a concentration of 2 mM had a more positive and higher effect than the concentration of 1 mM. Also, the results of the effect of salicylic acid levels number 120 mM sodium chloride stress showed that a concentration of 1 mM would have a positive effect on the negative effect of 120 mM sodium chloride. Its concentration of 2 mM compared to the concentration of 1 mM of salicylic acid rarely improved the number of grain per spike. 


Figure 2. Interaction between genotype, salinity and salicylic acid on plant Number of grain per spike of wheat double haploid cultivars and lines.



Weight of hundred grain:
Based on the comparison of the mean of treatments with LSD test(Figure-3), molinex cultivar with 4 g in combination treatment eith 2 mM salicylic acid and 120 mM sodium chloride has the highest weight of hundred grain, which lines DH191 and DH69 in the concentration of zero mM(control) and DH90 at concentrations of 2 mM salicylic acid and 60 mM sodium chloride have no significant difference. The line N-80-19, weighing 1.76 g, has the lowest weight of hundred grain.  Most lines and cultivars received the highest hundred grain weight in non-stress conditions. Also, all the lines and cultivars studied in this study, except line DH184(concentration of 2 mM salicylic acid and 120 mM sodium chloride), obtained the lowest hundred grain weight at a concentration of 120 mM sodium chloride. The results showed a positive effect of salicylic acid levels on hundred grain weight under salinity stress. So, at a concentration of 60 mM sodium chloride, treatment with 1 mM salicylic acid was more effective than 2 mM. At a concentration of 120 mM sodium chloride, despite the positive of both levels of salicylic acid, its 2 mM level increased the hundred seeds weight further. 

Figure 3. Interaction between genotype, salinity and salicylic acid on plant Weight of hundred grain of wheat double haploid cultivars and lines.


Single plant yield:
Based on the comparison of the mean of treatments with LSD test(Figure-4),, line DH90 with 1.48 g in combination treatment with 2 mM salicylic acid and 60 mM sodium chloride and molinex cultivar with 0.104 g at 120 mM sodium chloride concentration have respectively the highest and lowest yield of single plant, respectively. In general, the highest yield on each line or variety is related to the interaction of salicylic acid with salinity. Also, the lowest yield on each line or variety is related to the simple effects of salinity. In examining the effectof salicylic acid levels on salinity at a concentration of 60 mM, salicylic acid at a concentration of 2 mM compared with its 1 mM level increased the yield. But in a concentration of 120 mM sodium chloride, the concentration of one mM of salicylic acid is more effective than the 2 mM concentration on the yield of strains and cultivars under stress. 

Figure 4. Interaction between genotype, salinity and salicylic acid on plant Single plant yield of wheat double haploid cultivars and lines.


Table 1. Analysis of variance stress on traits
	S.O.V
	df
	Bush height
	Number of seeds per spike
	Weight of hundred seeds
	Single plant yield

	variety
	12
	3593.6**
	269.65**
	6.42**
	0.57**

	Salinity
	2
	456.007**
	58.47**
	2.74**
	0.211**

	salicylic acid
	2
	341.4**
	991.6**
	0.049**
	1.003**

	variety× salinity× salicylic acid
	48
	147.35**
	69.34**
	0.3717**
	0.101**

	Error
	234
	3.57
	2.07
	0.0085
	0.00005

	cv
	
	3.035
	10.52
	2.77
	1.55


ns, ** and * it shows a non-significant and significant level of 1% and 5% respectively.

The use of salicylic acid increases the production of carbohydrates in the plant, which increases the number of  grain per spike and 1000-grain weight.( Motiee and armin,2001 ). 
The results showed that salicylic acid can  increase wheat yield under salt stress by reducing the adverse of salinity. In this study, the use of salicylic acid at a concentration of 2 mM during the stress of sodium chloride at a concentration of 60 mM improved plant height, number of grain per spike and  single plant yield. 
But at a concentration of 120 mM sodium chloride, one mM of salicylic acid was found to improve these traits. 
Salicylic acid has different effects at different concentrations and has a positive effect on salicylic acid, and then has a reciprocal effect on growth(Shakirova et al., 2003).  Also, considering that salinity above 60 mM sodium chloride can reduce wheat yield. Therefore, the use of salicylic acid at concentrations of 1 mM or less compared to high salinity stress is suggested.
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Single plant yield- g
S0 H0	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	72.566999999999993	83.06	63.06	62.3	50.96	52.23	57.06	36.5	58.53	57.2	64.2	52.2	59.7	S0 H1	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	74.832999999999998	83.36	75.13	53.83	48.4	73.8	63.73	36.630000000000003	58.73	58.36	62.8	53.23	50.73	S0 H2	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	79.7	102.33	75.459999999999994	65.459999999999994	58.4	60	59.7	40.53	61.2	67.56	61.3	61.03	67.260000000000005	S60 H0	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	85	73.63	77.13	68.400000000000006	51.3	57.33	55.93	36.130000000000003	57.33	61.53	61.73	61.1	61.93	S60 H1	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	70.930000000000007	81.430000000000007	69	75.3	55.5	70.86	60.73	37.630000000000003	59.76	54.13	63.13	54.6	57.63	S60 H2	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	81.16	82.6	84.93	93.03	52	76.16	61.83	40.03	67.430000000000007	75.56	66.5	51.13	59.3	S120 H0	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	70.099999999999994	66.03	71.430000000000007	71.7	53.46	72.23	64.7	40.46	50.86	54.9	47.8	52.06	64.260000000000005	S120 H1	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	76.13	112.6	87.8	74	54.96	67.3	50.4	40.03	66.86	60.6	70.959999999999994	62.03	61.33	S120 H2	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	66.66	71.66	58.7	51.43	43.16	62.16	47.53	37.5	51.9	52.33	54.5	46.13	48.63	Wheat double-haploid cultivars and lines
bush height- cm
S0 H0	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	16	8.66	11.33	6.66	10.66	8.33	11.66	9	17.329999999999998	13	10	7.66	7	S0 H1	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	14.66	10	21	7	11	21.33	25.66	11	11	23.33	23.66	7	6.33	S0 H2	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	17.329999999999998	12.33	15.33	11.66	16.329999999999998	19	17.329999999999998	13	16.66	14	11	11	10.33	S60 H0	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	36.33	6	14.33	9.66	6.66	11	9.33	9.66	11.33	8.66	8	4.33	5.33	S60 H1	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	11	9.66	12.33	14	18.329999999999998	13.33	11.33	8.33	10.66	16.329999999999998	10	5.66	8	S60 H2	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	23.66	8	32.299999999999997	30.66	18	27	23.33	19	31.66	29.33	14	10	8.33	S120 H0	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	9.33	4.33	11.33	7	12.33	19.66	12	9.66	7.66	10.66	5.33	8	9.66	S120 H1	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	17	25.66	17	29.66	24.33	30.33	24	20.66	20	17	30.33	12.33	10.66	S120 H2	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	11.33	8	9	8	11.66	8.33	6.33	11	10	9.33	4.66	7.33	8	Wheat double-haploid cultivars and kines
Number of seedsper spike
S0 H0	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	3.81	4.5999999999999996	4.12	4.28	4.18	4.62	4.08	3.61	3.79	4.28	3.14	2.82	3.32	S0 H1	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	3.55	3.18	3.33	4.03	3.91	3.61	3.82	3.19	3.05	3.3	2.09	2.11	2.9	S0 H2	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	3.1	3.68	3.39	3.65	3.53	3.44	3.13	3.22	3.14	2.89	2.0299999999999998	1.89	3.03	S60 H0	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	3.43	3.41	3.91	4.03	3.64	3.85	3.75	3.17	3.41	3.64	2.35	2.5299999999999998	2.84	S60 H1	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	3.61	3.68	3.97	4.1500000000000004	4.21	3.5409999999999999	3.64	3.33	3.57	4.08	2.65	2.56	3.1	S60 H2	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	3.05	4.24	4.58	3.19	3.58	4.05	3.61	3.03	2.15	3.77	3.05	2.48	2.5499999999999998	S120 H0	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	2.68	2.71	3.11	3.55	3.1	3.24	2.83	3	2.91	2.77	1.96	1.76	2.11	S120 H1	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	3.22	4.04	3.62	3.54	3.71	3.5459999999999998	3.12	3.53	1.93	3.11	2.5299999999999998	2.0299999999999998	2.68	S120 H2	DH2	DH69	DH90	DH184	DH185	DH191	DH221	DH227	DH228	Trident	Molinex	N-80-19	N-87-20	3.27	3.51	4.1399999999999997	3.16	4.18	4.0599999999999996	3.83	3.58	2.62	4.0999999999999996	4.71	2.3199999999999998	2.98	Wheat double-haploid cultivars and lines.
Weight of hundred seeds- gr
