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			Abstract | Salinity is very common threatening issue regarding growth and yield of dry regions of the world and likewise in Pakistan. Silicon role in plant growth and especially strengthening of plant defence system is well documented particularly upon exposure to salt stress. Present research was performed using wheat variety Punjab-2011 with Randomized Complete Block Design (RCBD) under field conditions using three treatments and each replicated three times. Treatments were wheat florae were developed in plots having normal soil (EC= 2.32 dS/m) and salty soil (4.93 dS/m). Si as phosphate industry waste was applied @ 0, 50 and 100 µg Si/g soil. Results showed that application of Si reduced the adverse impact of salinity and significantly enhanced the nutrients status of wheat plant. Under normal soil conditions, sodium (Na) concentration (5.63 mg/g), potassium (K) concentration (9.20 mg/g), Na/K ratio (1.60 mg/g), relative water contents (56.49%) and total chlorophyll contents (2.74 mg/g) were observed when maximum concentration of Si was applied i.e. 100 µg Si/g and least was recorded when no Si was applied. Similarly, under saline soil conditions, maximum sodium concentration (6.72 mg/g), potassium concentration (16.6 mg/g), Na/K ratio (2.5 mg/g), relative water contents (53.63%) and total chlorophyll contents (2.50 mg/g) were observed when maximum concentration of Si was applied i.e. 100 µg Si/g.
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			Introduction

			Salinity is very common threatening issue regarding growth and yield of dry regions of the world (Sarah et al., 2020). Wheat is among widely consumed cereal and one of the victims of salinity stress. Growth and yield of plants is affected by salinity stress due to disturbance of various processes involved in plant physiology and biochemistry (Zeng and Shannon, 2000). When plants are exposed to saline environment, disturbance in turgidity, enzymes functioning and photosynthesis apparatus of plants take place (Sarah et al., 2020). Similarly, disturbance in opening and closing of stomata and resultantly in net photosynthesis rate also occur due to higher salt uptake by plants exposed to salinity (Rozeff, 1995; Lingle and Weigand, 1997). Cheesman (1988) also stated a reduction in cell turgidity and photosynthesis due to closure of stomata as a result of exposure of roots to saline environment. Lowering of chlorophyll content is possible reason behind reduced photosynthesis. Similarly, translocation and formulation of photosynthate is also disturbed due to salinity stress. 

			Silicon role in plant growth and especially strengthening of plant defence system is well documented particularly upon exposure to salt stress (Liang et al., 1996). External supply of Si to plants under stress resulted in improvement of plant growth particularly in graminae family like wheat (Liang et al., 1996). Silicon (Si) was described to lessen the salinity effect upon wheat and on other varietals as well. So, to see the outcome of Si a trial was conducted by Saqib et al. (2008), reduce plant uptake of Na+ root distribution of salt-tolerant wheat genotype is due to silicon. Low Na+ levels in shoot and increased K+: Na+ ratio in buds caused enhanced plant development. The silicon caused increase in cell wall capacity to bind Na+ 49% in SARC-1 and 37% in 7-Cerros under salt stress to 87% in SARC-1 and 79% in Cerros-7 under Salinity + Silicon. This might also lead to lower NaCl concentrations. The amount of Glutathione, a vital antioxidant in plant, was augmented because adding of silicon under salty condition. The cultivar resistant SARC-1 was less responsive to silicon in fresh weight, up 39% equated by a 49% rise in 7-Cerros and fresh root weightiness, up 12% compared to 22% in 7-Cerros. This determines Silicon has enhanced the development of buds to resist salinity as well as genotype of saline-sensitive wheat by reducing the Na+ ion absorption of the plant and harvesting the plant, Na+ root dissemination along with improving level of Glutathione. Si may have good detoxification of Na+ inside the plant by increasing the Na+ link of the cellular wall too.

			Ali et al. (2012) assessed growing processes of two wheat genotypes (Auqab-2000 and SARC-5) that differ in tolerance to salinity of silicon applied in saline environments. Plants were grown in vessels filled with soil (EC=1.16 dS/m) and salt affected soils (EC=10dS/m). Silicon was applied in soil at the rate of 0,50 and 130.0 μg Si/gram using the source in the form of calcium silicate. The plants were collected at their prime and various physical and biochemical constraints were noted. Severe salinity pressure (P<0.01) decreased dehydrated material production and grain productivity for each wheat genotype. Though, the decrease was low in SARC-5 as compared to Auqab-2000. The use of silicon in the centre of growth noticeably (p <0.01) resulted in improved dry material and grain produce for each genotype grown either in normal conditions or in salt water. Potassium extent was amplified considerably in plants grown with Si in salt affected soil. The concentration of potassium was lower in saline plants as compared to those plants which are grown in normal soils only in plants containing Silicon. The uptake of sodium was higher in plants developed in salinity, but application of Si considerably reduced Na absorption, as a result there was a substantial rise in potassium: sodium (K: Na) proportion in buds. The sodium extent in the buds has a substantial harmful link (r> 0.81, p <0.01) with dehydrated material of shoot of the two genotypes, however, the shoot dry matter (SDM) was lower in Auqab-2000. The increase in Na intensity due to salinity was reduced a lot in plants that received Si in the root surroundings. The Si concentration in the shoot is mostly associated with the shoot K extent (r=0.83, P<0.01) and negative to Na concentration of the shoot (r=0.57, P<0.05). Increased levels of potassium and lowered sodium absorption and displacement may be one of the likely mechanisms to increase tolerance of salinity by applying Si in wheat.

			Tuna et al. (2008) also reported the positive effects of Si application in wheat under salinity stress. They reported that plants grown at a rate of 100 mg sodium chloride produced dehydrated material and chlorophyll content lower than those that did not contain sodium chloride. The permeability of membrane and proline amount increased in leaves by adding 100mL Sodium Chloride and the increases were declined by treatment of Silicon. Sodium extent in plant’s tissue expanded in two shoots and foundations of plant in their treatments with high NaCl and Silicon brought down essentially amount of Sodium in the two buds and root. Among both bread and durum wheat the previous was more tolerant to saltiness than the later. Na build-up in the root point out a likely system where the bread wheat adjusts with salts in roots or might specify a mechanism of reserve of Sodium transfer to the leaves. Both absorptions of calcium and potassium were lesser in plants that were developed on higher sodium chloride extent than those in control treatment. These applications were enhanced due to two Si treatments in each of the shoot and root but kept on below control values in maximum situations.

			Therefore, the present research trail was executed in order to justify the impact of exogenous application of Silicon on the growth of wheat and to estimate the combined effect of exogenous Silicon application on salinity in root zone and on the growth and development of wheat crop.

			Materials and Methods

			The research was performed in the research area of Department of Soil and Environmental Science during the summer, 2018 in University College of Agriculture, University of Sargodha, Sargodha, Pakistan. In the present study growth established of wheat variety Punjab-2011 was performed on the normal and saline field. The research was carried out in Randomized Complete Block Design (RCBD) under divided plot arrangements through nine treatments and each replicated three times. The net plot dimensions were 4m×3m having strips spacing of 75cm and distance between each plant was 25cm. The experimentation included following treatments: Wheat was established in plots with normal soil (EC= 2.32 dS/m) and salt affected soil (4.93 dS/m). Si as phosphate industry waste was applied @ T1 = 0, T2 = 50 and T3 = 100 µg Si/g soil. Collection of soil samples were done before and after crop harvest. Analysis of various parameters of soil was done using procedures described in handbook 60 of U.S Laboratory Staff (1954). Various physio-chemical traits of soil before cultivation are revealed in Table 1. Data of following constraints were noted using their accepted techniques: 

			Table 1: Soil physio-chemical characteristics before crop sowing.

			
				
					
					
					
					
				
				
					
							
							Characteristics
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							Normal Soil 

						
							
							Saline Soil

						
					

					
							
							EC 

						
							
							dS m-1

						
							
							2.32

						
							
							4.93

						
					

					
							
							Soil pH 

						
							
							-

						
							
							7.9

						
							
							8.62

						
					

					
							
							Organic matter 

						
							
							%

						
							
							0.5

						
							
							0.3

						
					

					
							
							Total Nitrogen

						
							
							%

						
							
							0.04

						
							
							0.02

						
					

					
							
							 Available P 

						
							
							ppm

						
							
							7.75

						
							
							5.6

						
					

					
							
							Extractable K 

						
							
							ppm

						
							
							130.5

						
							
							110.5

						
					

					
							
							Available Si 

						
							
							(mg/kg soil)

						
							
							30

						
							
							25

						
					

					
							
							Total Si 

						
							
							(mg/kg soil)

						
							
							229

						
							
							205

						
					

				
			

			To compute the value of water contents in leaves samples, fresh and healthy samples were collected randomly from each treatment and placed in sealed plastic bag. With 2 hours of cutting of leaf fresh weight was calculated and then at room temperature these samples were dipped into distilled water for 12 hours to calculate turgid weight. After 12 hours turgid weight was calculated very carefully. To calculate dry weight, leaves samples were over dried at 70oc for 3 three day and then weight was determined. 

			Final value was calculated with help of formula which was recommended by Turner (1986).

			RLWC (%) = (FW-DW)/ (TW-DW) x100

			To determine the contents of chlorophyll approximately 1.0 g of the leaf sample was homogenized in mortar and pestle after cutting into pieces by using 80% acetone. At 3000 rpm these grounded samples were centrifuged by adding 25 ml acetone for 15 mints. At 645 and 663 nm density of clear solution was measured against blank in Shimadzu double beam spectrophotometer.

			 

			Contents of chlorophyll μg/mL = 20.2 x density (645 nm) plus 8.02 x density (663 nm)

			The noted data were statistically analyzed by using Statistix 8.1 analysis of variance (ANOVA) procedure and significant of treatments means were compared using Tukey’s (HSD) test at 5% probability level (Steel et al., 1997).

			Results and Discussion

			Sodium concentration (mg/g)

			The data concerning in Figure 1 displayed that influence of silicon amendment on sodium concentration of wheat crop under normal and salt affected soil. A significant impact of silicon nutrition was detected on sodium concentration of wheat plants. The maximum sodium concentration (11.85 mg/g) of wheat was observed where no silicon (T4 = 0 µg Si/g) was applied under salt affected soil surroundings while the lowest sodium extent (5.63 mg/g) was observed at high silicon level (T3 = 100 µg Si/g) under normal soil conditions. The medium silicon treatment level (T2 = 50 µg Si/g) was able to produced 6.01 and 7.10 mg/g sodium concentration of wheat under normal and salt stressed soil circumstances respectively. However, amongst all the tested levels of silicon, the 0 µg Si/g was produced higher sodium concentration in wheat. Our outcomes were supported with outcomes of Ali et al. (2014) who indicated that the uptake of sodium was higher in plants developed in salinity, but application of Si considerably reduced Na absorption. This research also followed the analyses of Saqib et al. (2008) and Tahir et al. (2006) who determined that silicon has boosted the development of buds to resist salinity as well as genotype of saline-sensitive wheat by reducing the Na+ absorption of the plant. The silicon (Si) may have good detoxification of Na+ inside the plant by increasing the Na+ link of the cellular wall too.
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			Figure 1: Impact of various silicon concentrations on Na content of wheat shoot (%) under normal and salt affected soils. 

			Potassium concentration (%)

			Influence of different silicon concentrations on potassium concentration of wheat sown under normal and salt stressed soil conditions is showed in Figure 2. The data specified that various concentrations of silicon significantly influence the potassium concentration of wheat. In case of wheat, among all the silicon concentrations the highest potassium concentration (9.20 mg/g) was noted with 100 µg Si/g under normal soil conditions. The minimum potassium concentration (5.0 mg/g) was recorded in plots where silicon was applied at 0 µg Si/g under salt affected soil conditions. The medium treatment level (T2 = 50 µg Si/g) of silicon was produced 8.60 and 11.7 mg/g of potassium concentration under normal and salt affected soil, respectively. It is also showed that application of 100 µg Si/g was highly efficient in producing the greater potassium concentration of wheat under both soil conditions (normal and salt affected). The results of this research also resembled with the experiment of Saleh et al. (2017) and Liang et al. 1996, which states that Si can improve potassium absorption (K) and prevent sodium absorption (Na) by salinized barley, hence reducing salt poisonous in barley and enhancing tolerance of plants to salts. 

			Na/K ratio (mg/g)

			It is apparent from the data existing in Figure 3 that several concentrations of silicon have varying impact on the Na/K ratio in wheat crop. Both tested crops showed considerable response to different concentrations of silicon under normal and salt affected soil. It was noticed that maximum Na/K ratio (1.60 mg/g) was documented with 100 µg Si/g silicon concentration under normal soil conditions. However, the minimum Na/K ratio (0.40 mg/g) was recorded with 0 µg Si/g silicon concentration under salt affected soil conditions. The application of 50 µg Si/g silicon concentration produced 1.40 and 1.60 mg/g Na/K ratio under normal and salt affected soil conditions respectively. It was also revealed from the data that 100 µg Si/g silicon concentration was much better than 50 and 0 µg Si/g concentrations in case of Na/K ratio in wheat crop. This trial also resembled with the study of Saleh et al. (2017) and Ali et al. (2014) which states that Si supplements in solution culture enhanced wheat development and K+/Na+ with Na+ reduction and heightened K+ absorption. An accompanying enhancement was seen in the development of the shoot. However, by Si treatment root growth remained unchanged.
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			Figure 2: Impact of various silicon concentrations on K content of wheat shoot (%) under normal and salt affected soils. 
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			Figure 3: Impact of various silicon concentrations on Na/K ratio of wheat (mg/g) under normal and salt affected soils. 

			Relative water contents (%)

			The data concerning Figure 4 demonstrated that influence of silicon adjustment on relative water contents of wheat in normal and salt affected soil. A significant impact of silicon nutrition was detected on relative water contents of wheat. The maximum relative water contents (56.49%) of wheat was observed at high silicon level (T3= 100 µg Si/g) under normal soil conditions while the lowest relative water contents (41.37%) was observed where no silicon (T4= 0 µg Si/g) was applied under salt affected soil conditions. The medium silicon treatment level (T2= 50 µg Si/g) was able to produce 47.40 and 46.87% relative water contents of wheat under normal and salt affected soil conditions, respectively. Amongst all the tested levels of silicon, the 100 µg Si/g was found more effective in producing higher relative water contents of wheat. The results of this research also matched with the experiment of Sattar et al. (2020) and Gong et al. (2006) who stated that the potential of water in wheat crop subjected to stress on which silicon is applied could maintain to a greater magnitude as compared to with plants subjected to stress without silicon amendments, signifying that silicon can enhance the water status of wheat plants throughout any stress.

			[image: ]

			Figure 4: Impact of various silicon concentrations on relative water content of wheat (%) under normal and salt affected soils. 

			Total chlorophyll contents (mg/g)

			It is obvious from the figures existing in Figure 5 that various concentrations of silicon have changing impact on the total chlorophyll contents of wheat crop. Substantial response was shown by wheat to different concentrations of silicon under normal and salt affected soil. In wheat crop, maximum chlorophyll contents (2.50 mg/g) were perceived with 100 µg Si/g silicon concentration under normal soil conditions. However, the minimum chlorophyll contents (1.90 mg/g) were recorded with 0 µg Si/g silicon concentration under salt affected soil conditions. The application of 50 µg Si/g silicon concentration produced 2.02 and 2.05 mg/g chlorophyll contents under normal and salt affected soil environments respectively. It was also revealed from the data that 100 µg Si/g silicon concentration was much better than 50 and 0 µg Si/g concentrations in case of chlorophyll contents of wheat. This research also related to the experiment of Saleh et al. (2017) and Al-aghabary et al (2005), their outcomes showed that silicon to some extent corresponds to increases the tolerability of tomato plants to sodium chloride salinity by increasing CAT and SOD enzyme function, chlorophyll content and PSII’s photochemical efficiency.
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			Figure 5: Impact of various silicon concentrations on total chlorophyll content of wheat (%) under normal and salt affected soils.

			Conclusions and Recommendations

			Silicon application improved growth of wheat and under saline field conditions. Growth enhancement in wheat by application of silicon was more noticeable under salt stress. The amended growth by Si under salinity was credited to abridged Na+ uptake and its translocation, this increased K+ uptake and increased K/Na ratio. The incidence of pest and disease was not observed on experimental crops. In general, outcomes of the present research revealed that application of active Si in growth medium enhanced soil fertility, increased quantity and quality of crops and also reduced the negative impact of adverse environmental condition especially salinity in wheat.

			Novelty Statement

			Application of silicon can alleviate harmful effects of salts under saline growth conditions.
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Abstract | Salinity is very common threatening issue regarding growth and yield of dry regions of the world
and likewise in Pakistan. Silicon role in plant growth and especially strengthening of plant defence system
is well documented particularly upon exposure to salt stress. Present research was performed using wheat
variety Punjab-2011 with Randomized Complete Block Design (RCBD) under field conditions using three
treatments and each replicated three times. Treatments were wheat floraec were developed in plots having
normal soil (EC= 2.32 dS/m) and salty soil (4.93 dS/m). Si as phosphate industry waste was applied @
0, 50 and 100 pg Si/g soil. Results showed that application of Si reduced the adverse impact of salinity
and significantly enhanced the nutrients status of wheat plant. Under normal soil conditions, sodium (Na)
concentration (5.63 mg/g), potassium (K) concentration (9.20 mg/g), Na/K ratio (1.60 mg/g), relative water
contents (56.49%) and total chlorophyll contents (2.74 mg/g) were observed when maximum concentration
of Siwas applied i.e. 100 pg Si/g and least was recorded when no Si was applied. Similarly, under saline soil
conditions, maximum sodium concentration (6.72 mg/g), potassium concentration (16.6 mg/g), Na/K ratio
(2.5 mg/g), relative water contents (53.63%) and total chlorophyll contents (2.50 mg/g) were observed when
maximum concentration of Si was applied i.e. 100 pg Si/g.
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Introduction saline environment, disturbance in turgidity, enzymes
tunctioning and photosynthesis apparatus of plants
take place (Sarah ez a/., 2020). Similarly, disturbance

in opening and closing of stomata and resultantly

Vvery common threatening issue

Sa]jnity is
regarding growth and yield of dry regions of the

world (Sarah e a/., 2020). Wheat is among widely
consumed cereal and one of the victims of salinity
stress. Growth and yield of plants is affected by
salinity stress due to disturbance of various processes
involved in plant physiology and biochemistry (Zeng
and Shannon, 2000). When plants are exposed to

in net photosynthesis rate also occur due to higher
salt uptake by plants exposed to salinity (Rozeff,
1995; Lingle and Weigand, 1997). Cheesman
(1988) also stated a reduction in cell turgidity and
photosynthesis due to closure of stomata as a result
of exposure of roots to saline environment. Lowering
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