Effect of seed priming and sulfur application for soybean emergence test, cell membrane characteristic, chlorophyll content and yield on saline soils
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Abstract
 In order to study the effects of seed priming and sulfur application on cell membrane characteristics, emergence test, chlorophyll rate and grain yield of soybean in salty soil, a factorial experiment was carried out using randomized complete block design with 3 replications at research site of university of Mohaghegh Ardabili. Treatment were four levels of seed priming (H2O, Auxin, Gibberellin and non-priming) and three levels of potassium sulfate application (0, 60 and 120 kgha-1 as S1, S2 and S3). Results indicated that seed priming had significant effects on main emergence rate (MER), emergence percentage, RWC, Chlorophyll rate, maturity time, shoot length and grain yield. The highest grain yield, MER, emergence percentage, RWC, Chlorophyll rate and shoot length obtained from primed crop. Seed priming showed no significant effect on injury index. Sulfur application effects on MER, shoot length, RWC, injury index, grain yield were found significant. The highest grain yield recorded in S3 and S2 respectively. S3 gave the highest shoot length, RWC and MER while S1 showed the lowest values of shoot length.   

Index terms: seed priming, sulfur, emergence, cell membrane, chlorophyll, soybean.
Introduction
A major impact of plant environmental stress is cellular membrane modification, which results in its perturbed function or total dysfunction. The cellular membrane dysfunction due to salt stress is well expressed in increased permeability and leakage of ions. Consequently, the relative water content (RWC) in the leaves decreased with increasing of concentration of salt solution (Kocheva and Georgiev, 2003). The accumulation of active oxygen species that is producted in the course of (during) stress, may attack and damage many cell compounds to exemplify lipids, proteins, carbohydrates and nucleic acids (Bewley and Black, 1994) and decreases the chlorophyll contains (McDonald, 1999) and as a result lipids proxidation (Soeda et al., 2005) to demolish cell membranes (Koiwai et al., 2004).
 Speed of germination and emergence is an important factor for successful establishment (Harris et al., 2001). Haris et al. (2001) demonstrated that ‘on-farm’ seed priming–soaking seeds overnight in water, surface-drying them then sowing in the normal fashion–markedly improved establishment and early vigor of upland rice, maize and chickpea, resulting in faster development, earlier flowering and maturity and higher yields. This simple, low-cost, low-risk intervention also had positive impacts on the wider farming system and livelihoods and the technology has proved highly popular with farmers (Harris et al, 2001). Its value has already been shown for many crops, for example wheat (Harris et al., 2001); chickpea (Musa et al., 2001), mungbean (Rashid et al., 2004) and on both normal and saline soils (Harris et al., 2001).
 In plants, sulfur (S) is a macro-nutritional element utilized for synthesis of proteins and wide variety of metabolites that are critical for growth (Ali et al., 1990). S is essential to the growth of higher plants (Browder et al., 2005). S availability is also partly related to soil moisture such as observed in rainfall gradients (Itanna, 2005). Sardans et al. (2006) reported a negative correlation between leaf sclerophylly and leaf S concentration in a Mediterranean forest. The increase in S concentration in leaves together with the increase in soil oxidation capacity in salty soils would stimulate the available soil S and total soil S by enhancing sulfur oxidation that sulfur had effects on soil pH.  This would permit a greater soil accumulation of both total soil S content and soil extractable S content (Sardans et al., 2008).
 The amino acid profile of soybean seed meal could benefit from greater amounts of the S-containing amino acid, methionine and cysteine. Increasing the content of these amino acids in soybean meal would enhance its value for consumers of soybean and, thus, could justify a premium worth millions of dollars annually for soybean growth (McVey et al., 1995). Sulfur is predominately taken up as sulfate (SO42-) from the soil and transported to chloroplasts in expanding leaves where most S reduction is reported to occur (Anderson, 1990).
The objectives of this study were to determination the effects of different seed priming and sulfur fertilization on cell membrane characteristics, emergence tests, chlorophyll rate and grain yield in soybean.
Materials and methods

Field experiment was conducted out in Ardabil (lat 38 15 N; long 48 15 E; Alt 135m), Iran, at research site of university of Mohaghegh Ardabili in 2007. Climatically, the area placed in the semiarid temperate zone with cold winter and hot summer. Average rainfall is about 400 mm that most rainfall concentrated between winter and spring. The soil was silty loam with EC about 3.61 ds/m, pH about 8.20 and SP about 46%.

The type of design was based on randomized complete block in factorial arrangement with three replication, Treatments were potassium sulfate fertilizer at (0, 60 and 120 kg/ha as S1, S2 and S3) and seed priming with distilled water, auxin and gibberellin.
Seeds of soybean were washed with water, dipped in 0.1% mercuric chloride for 5 min and then washed thoroughly with sterilized water. The washed seeds were divided into two lots; one was fully immersed in aerated auxin and gibberellin (auxin and gibberellin primed) and the second in aerated water (1:2 w/v) (water primed) and kept in an incubator for 12 h at 25 ± 1°C. The seeds were then washed with distilled water and dried on filter papers at room temperature (25°C). Non-primed seeds served as controls. The crop was sown in May. Each plot had five rows. The inter-row spacing was 40 cm and intra row seed spacing was 20 cm. Plot size was 3.2 m. sulfate at (0, 60 and 120 kg/ha) were applied before sowing. The data from border rows were not taken.

The parameters were determined: relative water content (RWC), Injury index, chlorophyll rate, shoot length, emergence percentage, mean emergence rate, Maturity time and grain yield.

The relative water content was estimated from the below equation (Turne, 1981):

RWC = (FW – DW)/(TW – DW)

Where FW is the fresh weight of the leaves, TW is the weight at full turgor, measured after floating the leaves for 24 hours in water in the light at room temperature and DW is the weight estimated after drying the leaves for 24 hours at 75±5ºC or until a constant weight is achieved.

The level of leaf cell membrane stability (CMS) was measured by PEG test according to Premachandra (1992). The 2cm cut leaf samples in 2-leafes stage were immersed in 30 % PEG 6000 for 24 h. For non-desiccated control the leaf segments were immersed in equal volume of dH2O. After washing with distill water the leaf segments were sub merged in 30ml de ionized water for 24h. Following measurement the samples were autoclaved for 15 minutes, cooled to room temperature and the conductivity of the solutions was measured once more. The electrolyte leakage was measured using a conductometer. The CMS of the samples was estimated as percentage injury according to the following equation:
CMS (%) = 1-(1-T1 /T2)/ (1-C1/C2) ×100

Injury index (%) = (100 – CMS)

Where T1 and T2- represent the first and second (after autoclaving) conductivity measurement of the desiccation treatment, C1 and C2- represent the first and second (after autoclaving) conductivity measurement of the control.

The level of leaf chlorophyll was measured by chlorophyllmeter.

Daily emergence counts of the number of seedlings visible above the soil medium with a minimum height of 1.0 cm were taken for 28 days. The mean emergence rate (MER) was estimated according to Wang et al. (2003) and was evaluated from the following equation:

MER (n day-1) =
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Where n is number of emergence plants, D is the day of sampling. 
Analysis of variance performed using SAS computer software packages. The main effects and interaction were tested using the Duncanُ s multiple range test (DMT).

Results and Discussion 
Results from the emergence test (Table 1) showed that seed priming significantly increased the mean emergence rate and emergence percentage. Seed priming in the auxin and gibberellin solution give the highest mean emergence rate, while the control (unprimed seed) and H2O priming had the lowest mean emergence rate. Seed priming in the auxin, gibberellin and H2O solution give the highest emergence percentage, while the unprimed seed had the lowest emergence percentage (Table 1). Significant increase in mean emergence rate and emergence percentage in primed seeds could have resulted from the osmotic solution lowering the osmotic potential in the seed environment during the priming period. Plant growth regulators, on the other hand, affect several aspects of plant growth and development, including seed emergence. Emergence of many seeds of various plants was stimulated by plant growth regulators and inhibited by salty stress. These results are in accordance with the work of Foti et al. (2008) that indicated the faster development, earlier flowering and maturity and higher yields. Seed emergency is an important developmental program allowing plants to withstand especially adverse environmental condition, such as drought or salt stress and percent in seeds of several plants. Germination of seeds of several plants was also stimulated by cytokinins and ethylene. Of these hormones, ethylene or its precursor 1-aminocycloropane-1-carboxilic acid (ACC), is the simplest unsaturated hydrocarbon that regulates many diverse metabolic and development processes in plants, including seed germination that secretion of these hormones is stimulate whit seed priming (Tiryaki et al., 2004). 
The analysis of variance showed no significant difference in injury index among priming levels (Table1). RWC percentage and chlorophyll rate of leaves were greater in primed plants than in non-primed plants (Table1).

The overall growth in primed plants was more as compared to non-primed plants. Shoot length was more in primed plants. For example at 100 DAS, increase in shoot length in primed plants was about 18% more in comparison with non-primed plants (Kaue et al., 2002). Seed priming give the highest mean shoot length, while the control (unprimed seed) had the lowest mean height plant (Table 1).

Grain yield showed a similar response to auxin and gibberellin priming. Maximum grain yield observed in gibberellin and auxin priming followed by H2O priming and non-priming treatments, respectively (Table 2). Increased in grain yield may be due to allocation of more photosynthate to biomass and grain yield because of greater growth of primed crop (kaur et al., 2006). 
Sulfur application significantly increased the emergence rate but showed no difference in emergence percentage (table 2). The highest emergence rate was observed in S3 followed by S2 and S1. Increase in mean emergence rate and emergence percentage in sulfur application could have resulted from the pH lowering in the seed environment in the saline soils. Of those, sulfur application in a proper salt soil promotes seed germination and seedling emergence as well as it improves emergence rate and synchrony. 
Sulfur application effects on RWC and cell membrane injury were significant. The highest RWC and cell membrane injury were observed in S3 and S1. S1 expressed higher cell membrane injury, then S2 and S3. Cell membrane permeabilization was achieved by incubating cell in 0.1M potassium phosphate buffer, high pH, with 0.01% digitonin dissolved either in dimethylslfoxide or in water after purification by recrystallization (Folmer et al., 2008). Difference in injury index might result from difference in leaf structure (MacRae et al., 1986), cell-wall composition (Jarvis et al., 1988), the degree of membrane lipid saturation (Tal and Shannon, 1982) and epicuticular wax coating (Sutter and Langhans, 1982). The reduction in RWC was coincidental with an increase in injury index in the leaves (table 2). A S-water combination is product diluted acid that caused of decreasing in soil pH in the seed environment. Decreasing in soil pH in the seed environment was coincidental with an improve MER, RWC, Grain yield and decrease injury index in cell membrane (Table 2).
No significant differences in Chlorophyll rate and Maturity time were observed between the Sulfur application treatments (Table 2).
Soil fertilization with S effect was significant on grain yield. Maximum grain yieldwas obtained at S3, followed by S2 and S1, respectively. Although sulfur treatment at 120 kg/ha rate showed the highest grain yield, but this treatment had no significant difference with 60 kg/ha (table 2). Sulfur deficiency has been reported to decrease seed yield in the field by up to 20% (Sexton et al., 1998).  
A significant interaction was between sulfur application and seed priming on emergence rate and grain yield. The highest emergence rate achieved in S3 with auxin priming and lowest emergence rate achieved in S1 with control (non-prim.) (Figure1). Research evidence has indicated that priming the soybean [image: image2]
seeds before sowing, particularly in low vigor 

seeds, improves their germination (Wartidiningsih et al., 1994). Priming has been developed and used extensively to improve seed germination and seedling emergence in a wide range of crop species (McDonald, 2000). Sulfur caused decrease in soil pH in all treatments and the reduction in pH was coincidental with an increase in emergence rate.
Results showed that sulfur caused significant increase in grain yield in all primed treatments. In other words, grain yield increased with sulfur (S2 and S3) and primed (H2O, auxin and gibberellin prim.) treatments in comparison of control plots (S1 and non-prim.). The highest grain yield was observed at interaction effects of S2 and S3 with auxin and gibberellin priming, respectively. Lowest grain yield was achieved at S1 with non-priming (Figure 2). Rashid et al. (2004), for priming and Sexton et al. (1998) for sulfur reported the same results.
Conclusions

1. Priming improved emergence and early growth of soybean drying and salty soils. The data are consistent with the hypothesis that on-farm seed priming can partly compensate for the negative effects of low soil water potential and large aggregate sizes on crop establishment. 
2. The effects of sulfur fertilization on injury index, emergence and yield result from decreased soil pH or increasing cell wall stability in salty soil.
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Table 1: Means of soybean studied traits at H2O, auxin and gibberellin seed priming
	
	
	
	
	
	Variable
	
	
	

	priming
	MER (n/day)
	Emergence (%)
	Injury index (%)
	RWC   (%)
	Chlorophyll rate
	Shoot length (cm)
	Maturity time (day)
	Grain yield (kgha-1)

	non prim.
	1.44c
	63.66b
	27.44a
	74.55b
	22.66b
	28.22b
	121.44a
	1490c

	H2O prim.
	2.5b
	85.77a
	26.44a
	76.33ab
	26.12ab
	32.55a
	105.33b
	1529.66b

	auxin prim.
	4.38a
	89a
	25.88a
	76.44ab
	30.02a
	34a
	105.22b
	1551.44a

	gibberellin prim.
	4.44a
	89.33a
	25.55a
	78.33a
	29.40a
	33.88a
	104.66b
	1553.77a


Values followed by the same letters are not significantly different at 5% level by DMT
Table 2: Means of soybean studied traits at different sulfur fertilization (S)
	
	
	
	
	
	Variable
	
	
	

	sulfur
	MER (n/day)
	Emergence (%) 
	Injury index (%)
	RWC (%)
	Chlorophyll rate
	shoot length (cm)
	Maturity time (day)
	Grain yield (kgha-1)

	S1     (0kg/ha)
	2.91b
	81.08a
	33.83a
	64.83c
	27.21a
	30.25b
	107.91a
	1442 b

	S2   (60kg/ha)
	3b
	82.58a
	24.08b
	80.02b
	27.80a
	31.66b
	110.16a
	1573.75a

	S3  (120kg/ha)
	3.66a
	82.16a
	21.08c
	83.33a
	26.14a
	34.58a
	109.41a
	1577.91a


Values followed by the same letters are not significantly different at 5% level by DMT
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Fig 1: Interaction effect of sulfur and seed priming on emergence rate
Means with same letters are not significantly different at 5% level by DMT
[image: image5.emf]f

c

bc

e

ab

ab

d

a

a

d

a

a

1250

1300

1350

1400

1450

1500

1550

1600

yield (kgha

1)

non prim. H2Oprim auxin prim. gebberllin

prim.

0 kg/ha

70 kg/ha

140 kg/ha


Fig 2: Interaction effect of sulfur and seed priming on grain yield
Means with same letters are not significantly different at 5% level by DMT
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