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			Abstract | Drought stress is one of the main problems that cause a severe decrease in plant growth, development and yield. Application of chitosan helps to induce drought resistance and improved water use efficiency. Therefore, a research study was planned to investigate the effect of chitosan on growth and yield of tomato (Cv. Rio Grande) plant under water stress condition at Ornamental Nursery, Department of Horticulture, The University of Agriculture Peshawar, Pakistan, during 2018, using Completely Randomize Design (CRD) with two factors and repeated three times in a control (Glass house) environment. Different concentrations of chitosan (0, 50, 100,150 mg L-1) and various water stress intervals (3, 6, 9 and 12 days) were given to tomato plants from 15 days after transplantation. Results showed that various application of chitosan and water stress interval had a significant (P< 0.01) effect on almost all studied parameter. Tomato plants treated with 6 days water stress interval had maximum average plant height (82.69 cm), average number of leaves (104.02), leaf area (81.47 cm2), chlorophyll content (71.31 SPAD), relative water content (67.27%), excided leaf water retention (68.24%), number of fruit plant-1(24.66), average fruit weight (73.718 g) and yield (37.50-ton ha-1). Similarly, foliar application of chitosan at 100 mg L-1 resulted maximum average plant height (80.74 cm), average number of leaves (104.19), leaf area (81.05 cm2), chlorophyll content (72.29 SPAD), relative water content (66.82%), excised leaf water retention (66.58%), fruit plant-1 (24.33), average fruit weight (74.74 g) and yield (37.37 ton ha-1). It is concluded that 100 mg L-1chitosan application along with 6 days water interval had positive impact on growth and quality of tomato.
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			Introduction

			 

			Tomato (Lycopersicum esculentum L.) is a famous member of family Solanaceae, one of the most important and widely used cultivated vegetable crop which is mostly grown in home gardens and by market gardeners worldwide. In Pakistan, tomato cultivated area during 2014-15 was 60700 ha with production of 570600 tons. In Khyber Pakhtunkhwa tomato was cultivated on an area of 13300 ha, while its production was 132000 tons (MNFSR, 2015). Tomato is an annual crop grown in warm season. Tomato start flowering 90-120 days after seed sowing and takes approximately 40-50 days to harvest after fruit setting depending on variety. Optimum temperature with a range of 20-27 0C is better for growth and yield, the temperature rises up 30 0C or fall below 10 0C affect tomato plant fruit setting (Iqbal et al., 2011).

			 

			Tomato is economically important due to its great yielding capacity for short duration. For increase production of tomato in order to meet the requirement of human population, it could be achieved through increasing the cultivated area or improving the land productivity especially under drought stress condition. Drought stress seems to be one of the main problems that cause a severe decrease in plant growth, development and yield (Thapa et al., 2011). Application of chitosan helps to induce drought resistance and improved water use efficiency in pepper and coffee (Dzung et al., 2011; Bittelli et al., 2001).

			 

			Water-stress conditions cause a marked suppression in plant photosynthetic efficiency, mainly due to the closing of stomata and inhibition of (Rubisco) enzyme (Lawlor and Cornic, 2002). The depressive effect of water stress on growth parameters may also be attributed to a drop-in leaf water content and a reduction in the assimilation of nitrogen compounds (Reddy et al., 2003), affecting the rate of cell division and enlargement. Drought stress also reduced the uptake of essential elements and photosynthetic capacity (Kandil et al., 2001) as well as the excessive accumulation of intermediate compounds such as reactive oxygen species (Yazdanpanah et al., 2011) which cause oxidative damage to DNA, lipid and proteins and consequently a decrease in plant growth. Finally, water stress leads to increases in abscisic acid which cause an inhibition of the growth (Abdalla, 2011). Chitosan is harmless to crops, animal and human. The molecule of chitosan triggers a defensive mechanism within the plant, which leads to the formation of physical and chemical barriers against invading different plant pathogens. Chitosan seems to be a natural biodegradable compound with low toxic in nature which is obtained from deacetylation of chitin and most application of the chitosan in agriculture is used for the stimulation of plant defense mechanisms (El-Hardrami et al., 2009).Chitosan seems to act as a stress tolerance inductor it enhanced a hyper sensible reaction and lignification, inducing lipid peroxidation, and production of defense against pathogens when directly applied to plant tissue (Ortiz et al., 2007). Seeds treated with chitosan reduced the mean germination time; increased germination index leads to improving seedling growth under low temperature stress and also reported that the application of chitosan reduced the vanadium toxicity when applied to wheat and barley in irradiated form (Tham et al., 2001). During drought stress foliar application of chitosan helps to reduce the loss of water from the leaves by including stomatal type closing compounds, which are able to decrease water loss from the leaf by improving plant biomass or yield of crop (Bittelli et al., 2001). Foliar application of chitosan helps to reduce the water stress effect on yield which may be due to increase in stomatal conductance under water stress and its role in reducing transpiration rate (Khan et al., 2002). Although not known the exact mechanisms by which chitosan stimulates growth and development of plants, it has been proposed that is involved in physiological processes, it prevents water loss via transpiration (Young et al., 2005). In this regard, the presence of stomatal closure has been demonstrated when sprinkled plants with chitosan, suggesting that the stimulatory effect of growth, after stomatal closure could be related to an antiperspirant effect on the ground (Bittelli et al., 2001), stating, moreover, foliar application of chitosan in potato reduced the effects of water stress (Jiao et al., 2012).

			 

			Keeping in view the importance of chitosan application, this study was designed to find out the effect of chitosan on plant growth and development attributes under water stress condition.

			 

			Materials and Methods

			 

			Experimental site

			An experiment was conducted on “efficacy of chitosan on performance of tomato plant under water stress condition.” at Horticulture Nursery, Department of Horticulture, The University of Agriculture Peshawar, Pakistan in 2018. 

			 

			Experimental design

			Complete Randomized Design (CRD) with two factors was used during experimentation. Each treatment was repeated three times.

			 

			Nursery raising transplantation

			The seeds were sown in nursery trays in the last week of January; a slight but frequent irrigation was applied to seedlings with the help of hand sprayer. The seedlings trays were placed in a greenhouse. The seedlings were transplanted when they reach to 5- 6 leaves stage and transplanted early in morning, and the seedlings were transplanted into plastic tubes and the tubes were transferred to a lathe house.

			 

			
				
					
					
				
				
					
							Factor A: Water stress interval(days)
							
							Factor B:Chitosan level(mgL-1)

						
					

					
							
							S1 = 3 

						
							
							C1 = Control

						
					

					
							
							S2=6

						
							
							C2 = 50

						
					

					
							
							S3 =9

						
							
							C3 = 100

						
					

					
							
							S4 = 12

						
							
							C4= 150

						
					

				
			

			

			 

			Field plastic tubes preparation

			The Plastic tubes were prepared one week before transplantation of the crop. All the stone, stub, root or any other material which may result in barrier to the crop were removed. Plants were subjected to four water-stress treatments: WS0= 3 days (100% field capacity (FC), WS1= 6 Days water stress intervals (70% water capacity), WS2= 9 Days water stress intervals (50% WC) and WS3= 12 Days water stress intervals (30% WC). 

			 

			Preparation of chitosan solution

			Chitosan shows less solubility in water. Chitosan in required amount were dissolved in 100ml of double distill water with the addition of some drop of acid such as acetic acid to obtained four different concentrations of chitosan (0, 50, 100 and 150 mg. L-1), its volume was raised to 1000 ml. Different concentrations of chitosan were applied manually at different stages after water stress interval. The foliar spray was carried out with manual pump spray.

			 

			Parameters

			Following attributes were analyzed during the experimental study.

			 

			Plant height (cm)

			Plant height was calculated from bottom of plant to tip by using measuring tap when the plants reach its maximum growth stage and average was taken.

			 

			Number of leaves plant-1

			The average numbers of leaves plant-1 were counted from five randomly selected plants of each treatment and their average was calculated.

			 

			Leaf area (cm2)

			Five leaves were randomly selected per treatment and their area was calculated through leaf area meter and then the average was taken.

			Chlorophyll content (SPAD)

			It was measured through spade meter and five plants were randomly selected per treatment and then average was taken.

			 

			Relative water content (%)

			Fresh leaves were gathered from every treatment and fresh weight (FW) of five leaves were taken and then set in refined water for 24 hours and then weighed again to get turgid weight (TW). From that point, the leaf section were dried for 48 hours at 72oC and then weighed again to get dried weight (DW). Relative water content (RWC) was determined utilizing accompanying equation (Egert and Tebini, 2002).
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			Excised leaf water retention (%)

			The newly fresh leaves were collected for determining after harvest and left for 20 to 25oC at room temperature for 4hrs and reweighed for wilt weight after four hours (WW4hr). Excised leaf water retention (ELWR) was determined by using the following equation (Farshadfar et al., 2002).
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			Number of fruits plant-1

			The fruits produced were counted plant-1 from five randomly taken plants and their average was taken.

			 

			Fruit weight (gm) 

			For finding average fruit weight randomly selected fruit from each treatment was taken and then weighed by using digital balance and then their average was measured.

			 

			Yield (ton. ha-1)

			For determining yield per hectare was recorded by using the following formula.

			 

			[image: Image274227.PNG] 

			 

			Statistical procedure

			The collected data was subjected to analysis of variance (ANOVA) for various variables and analyzed by using Statistic 8.1 (Statistical software, Statistix, Analytical Software Inc, Tallahassee FL USA) used by Basit et al. (2018). LSD test at 1% level of significance was used for means comparison (Jan et al., 2009).

			 

			Results and Discussion

			 

			Plant height

			It is obvious from Table 1 that different water stress intervals, foliar application of chitosan and their interaction had significantly affected plant height of tomato. Maximum plant height (82.69 cm) was noted in plants with 6 days water stress interval which was statistically similar with plant height (81.18 cm) of plants treated with 3 days water stress interval, while minimum plant height (65.93 cm) was recorded in plants treated with 12 days water stress interval. Regarding chitosan, maximum plant height (80.74 cm) was recorded in plants treated with 100 mg L-1 foliar application of chitosan, while minimum plant height (73.13 cm) was observed in control. The interaction of chitosan and water stress indicated that maximum plant height (87.60 cm) was observed in plants treated with 100 mg L-1 along with 6 days water stress interval while minimum plant height (61.30 cm) was noticed in plants treated with control treatment of chitosan foliar spray along with 12 days water stress interval (Figure 1).

			 

			[image: Fig1.PNG] 

			Figure 1: Plant height (cm) of tomato plant as affected by interaction of chitosan concenteation and water stress interval.

			 

			Drought stress cause a major problem in reducing growth and quality attributes of soybean and white lupines (Abdalla, 2011; Hefny, 2011). Water stress reduce plant growth parameters which might be due to reduction in cell division, cell volume and cell elongation which have negative effect on plant growth (Banon et al., 2006). Among different water stress interval tomato have maximum plant height with 6 days interval. Our findings are in line with Shaimaa et al. (2018), they reported that drought stress has significantly decreased vegetative growth of sour orange specially plant height and stem diameter. It was found that foliar applications with chitosan resulted in higher vegetative growth and improvement in fruit quality of pepper, radish and cucumber (Farouk et al., 2008; Ghoname et al., 2010). Foliar application of chitosan at 100 mg L-1 had positive effect on growth attributes of tomato plant under normal stressed condition. The result of our experiment is in accordance with Guan et al. (2009) who investigated that chitosan had significant effect on plant growth which might be due increase in nutrients availability to the plants as well as uptake of essential nutrients by reducing harmful effect of free radicals (ORS) and by increasing antioxidants and enzyme activities. It is well known that water stress conditions cause a multitude of molecular, biochemical and physiological changes, thereby affecting plant growth and development (Boutraa, 2010). A decline in plant growth in response to water stress might be due either to decreases in cell elongation resulting from the inhibiting effect of water shortage on growth-promoting hormones which, in turn, lead to decreases in cell turgor, volume and eventually growth (Banon et al., 2006). The results of our experiments are also in agreement with Farouk and Ramadan (2012) who investigated that chitosan improved both growth and quality of cow pea such as, plant height, number of leaves and leaf area under water stress condition.

			 

			Table 1: Plant height (cm), No. of leaves plant-1, leaf area (cm2), Chlorophyll content (mgcm-2) and relative water content (%) of tomato plant as affected by chitosan	concentration and Chlorophyll content water stress interval.
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			Means followed by dissimilar letters differs at 1% level of significance.

			 

			Number of leaves plant-1

			The statistical analysis of data revealed that water stress interval and chitosan concentration show significant effect on number of leaves plant-1, while their interaction was found non-significant (Table 1). Maximum values for number of leaves plant-1 (104.02) was seen in plants under 6 days water stress interval statistically apart with number of leaves plant-1 (101.87) was recorded in plants have 3 days water stress interval, while minimum number of leaves plant-1 (82.79) was observed in plants under 12 days water stress interval. Regarding chitosan maximum values for number of leaves plant-1 (104.19) was observed in those plants which were treated with 100mg L-1 chitosan, while minimum values for number of leaves plant-1 (88.00) was found in control treatment.

			 

			Drought stress have negative effect in reducing growth attributes that might be attributed due to drop in leaf relative water content which inhibit leaf turgidity and osmosis as well as reduce the rate of cell division and cell elongation (Reddy et al., 2003). Among various water stresses, maximum number of leaves was found at 6 days water stress interval. Our results are in conformity with the findings of Shaimaa et al. (2018), they reported that among different irrigation interval, maximum number of leaves plant-1 was recorded under 7 days irrigation interval. Foliar application of chitosan at the rate of 100 mg L-1 improved early developmental stages by increasing number of leaves plant-1 in tomato plant. These finding are also in line with Jian et al. (2002) who investigated that application of chitosan increased plant height, number of branches, and also number of leaves plant-1 in rice.

			 

			Leaf area (cm2)

			Different water stress intervals and foliar application of chitosan significantly affected leaf area (cm2), while their interaction was found non-significant on leaf area of tomato plant (Table 1). Maximum values for leaf area (81.47 cm2) were observed in plants treated with 6 days water stress interval while least leaf area (67.36 cm2) was observed in plants with 12 days water stress interval.Data regarding chitosan maximum leaf area (81.05 cm2) was recorded in plants with 100 mg L-1, whereas minimum leaf area (68.64 cm2) was observed in untreated plant. 

			 

			Drought stress had significant effect on leaf area which resulted due to inhibition of cell division, cell elongation and also reduction of photosynthetic rate. The inhibiting effects of water stress on plant growth have previously been reported for soybean (Abdalla, 2011) and white lupins (Hefny, 2011). It is well known that water stress conditions cause a multitude of molecular, biochemical and physiological changes, thereby affecting plant growth and development (Boutraa, 2010). Banon et al. (2006) investigated that plant retarded its growth and vegetative parameter due to declining of cell elongation which in turn leads to decrease in turgidity of cell, volume and ultimately effect on plant photosynthesis as well blockage of xylem and phloem vessels, which inhibit translocation process. Drought stress cause significant decrease in plant photosynthetic productivity, which finally decrease CO2 diffusion into leaf and thus limits reduction leaf area (Lawlor and Cornic, 2002). During vegetative growth of tomato, there could be severe decrease in leaf area due to increase in water stress. Our finding are in agreement with Sarmadnia (1993) who noted that water stress reduced all vegetative growths specially plant height, total leaf area and had a negative effect on number of seeds per spike and spike length. According to our finding maximum leaf area of tomato crop were recorded when they are treated with chitosan concentration at 100 mg L-1. The findings of current experiment are in agreement with Sheikh and Al-Malik (2011) who investigated that chitosan at different concentration significantly enhanced bean plant height, leaf area and enhances other growth parameters. The results of our experiment are also in conformity with Mondal et al. (2013) on Mung bean; Chookhongkha et al. (2012) on chili; Mondal et al. (2012) on okra; Shehata et al. (2012) on cucumber; Abdel-Mawgoud et al. (2010) on strawberry and El-Tantawy (2009) on tomato. 

			 

			Chlorophyll content (SPAD)

			The statistical analysis of data revealed that chlorophyll content was significantly affected by different water stress intervals and chitosan concentration, while their interaction was non-significant. Maximum chlorophyll content (71.31 SPAD) was noticed in plants with 6 days water stress interval statistically similar with chlorophyll content (67.83 SPAD), while minimum chlorophyll content (51.30 SPAD) was recorded in plants treated with 12 days water stress interval.Regarding chitosan maximum chlorophyll content (72.29 SPAD) was noted at rate of 100 mg L-1, while minimum chlorophyll content (54.77 SPAD) was recorded in control.

			 

			The total chlorophyll content in tomato leaves significantly decrease under severs water stress condition. The decreasing rate of chlorophyll content under water stress might be due to reduced synthesis of main chlorophyll content pigments in tomato leaves. Nikolaeva et al. (2010); Kumar et al. (2011) reported that the reduction in chlorophyll content under drought condition is a common phenomenon. Results of the current research are in agreement with findings of Ahmad et al. (2016) on citrus; Karimi (2016) and Gupta et al. (2012) on wheat and Farouk and Ramadan (2012) on cowpea, who reported that chlorophyll content decreased due to higher water deficit condition. Foliar application of chitosan reduced the impact of water stress on photosynthetic rate which have the ability to enhance the endogenous cytokinins, which play a key role in improving chlorophyll content in leaves. Chitosan with different concentration increase chlorophyll content in tomato leaves. Our findings are conformity with Farouk et al. (2008) who reported that different concentration of chitosan enhanced chlorophyll content and also increased starch content in radish and cucumber plant. Our results are also in agreement with the findings of Chibu et al. (2002) observed that plants treated with chitosan had beneficial effect on chlorophyll content in the plants.

			 

			Relative water content (%)

			It is obvious from Table 2 that various treatments of water stress, chitosan concentration and their interaction had significant effect on relative water content of tomato. Maximum relative water content (RWC) (67.27%) in tomato leaves was shown by plants with 6 days water stress interval statistically apart with RWC (65.49%) was given by plants with 3 days water stress interval, while minimum RWC (41.50%) was observed in tomato leaves plants treated with 12 days water stress interval. Regarding chitosan maximum relative water content RWC (66.82%) was observed in tomato leaves plants treated with 100 mg L-1 foliar application of chitosan, while the minimum RWC (49.26%) was noted in control. In case of interaction maximum relative water content RWC (73.97%) was noted in tomato leaves plants treated with 6 days water stress interval combined with 100 mg L-1 foliar application of chitosan while minimum RWC (29.28%) was observed in tomato leaves plants treated with 12 days water stress interval along with control treatment of chitosan (Figure 2).

			 

			Relative water content is an essential component of water status under drought condition (Carter and Paterson, 1985; Sinclair and Ludlow, 1985). Soil water potential and leaf water potential contributes basically to change in stem diameter, while the former is all around associated with changes under delayed drought stress (Katerji et al., 1994). RWC is directly connected with the cell volume, might be due to its relation with transpiration and water supply to the plants (Schonfeld et al., 1988). RWC has the ability to protect plant growth, and yield attributes from drought stress (Lilley and Ludlow, 1996; Liley and Fukai, 1994). According to our findings, tomato plant had more RWC at 6 days water stress interval. Similar results were reported by Schonfeld et al. (1988), they found that wheat have minimum RWC due to drought stress and maximum genotypic tolerance. Foliar application of chitosan might have the ability to expand cell layer and to improve antioxidant actives of tomato plant and keep up relative water content (RWC) in tomato leaves under drought condition. The results are similar with the findings of Bittelli et al. (2001) on pepper plants, who reported that plants treated with foliar application of chitosan enhanced the main transpiration rate by decreasing extra water usage up to 26- 43% and also keeping up growth and yield under water stress condition.

			 

			Table 2: Excised leaf water content (%), No. of fruits plant-1, fruit weight (g) and Yield (t.ha-1) of tomato plant as affected by chitosan concentration and water stress interval.
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			Means followed by dissimilar letters differs at 1% level of significance

			 

			Excised leaf water retention (%)

			Mean (Table 2) reveled that different water stress interval and foliar concentration of chitosan had a significant effect on leaf water retention, while their interaction had no significant effect on excised water leaf retention (ELWR) of tomato plant. Maximum excised leaf water retention ELWR (68.24%) in tomato leaves was recorded by plants with 6 days water stress interval which was statistically similar with ELWR (66.87%), while minimum value of ELWR (60.67%) was observed in tomato leaves plants treated with 12 days water stress interval. Regarding chitosan maximum value of excised leaf water retention ELWR (66.58%) was observed in tomato leaves plants treated with 100 mg L-1 foliar application of chitosan, while the minimum value of ELWR (63.15%) was noted in control treatment.
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			Figure 2: Relative water content in leaves of tomato plant as affected by interaction of chitosan concenteation and water stress interval.

			 

			Drought have main effect on excised leaf water retention (ELWR) and extract leaf water loss (ELWL) which are been accounted for as principle marker of water pressure in leaves (Merah, 2001). Water stress is characterized by a decline in cell water status, turgor and aggregate water capability of plant bringing about stomatal closure, wilting, and decrease in cell growth and development. Extreme water stress might bring about cessation of photosynthesis, aggravation of metabolism, loss of turgidity and lastly cell death (Bohnert and Jensen, 1996). It is well known, 80% of plant tissue component is water, and thus water loss may have evident adverse effects and can be considered as the most important limiting factors for growth and development of plants. Zabihi et al. (2014) mentioned that during drought stress water potential surrounding the plant is lower than natural status and plant will encounter difficultly in water absorption. They added that as a result of insufficient water supply, plant growth is inhibited by the decrease in leaf extension level, rates of cell division and enlargement. Also, the uptake of essential elements and photosynthetic capacity under water deficiency are reduced that reflected indirectly the formation of vegetative shoots, leaves and fresh or dry weights accumulation Farouk and Ramadan (2012), Nohong and Nompo (2015) and Ahmad et al. (2016). Moreover, water stress have a negative effects on leaf RWC, where leaf RWC reflecting the metabolic activity in tissues that declined markedly due to water deficiency. Leaf RWC reduction could have been due to unavailability of water in the soil, root system that are not able to compensate for water lost by transpiration through a reduction of absorbing surface Bolat et al. (2014). Roitsch and Ehneß (2000) demonstrated that cytokinins play a remarkable part in the regulation of source sink translocation. Under stressed conditions cytokinins progress cell division and elongation so that younger leaves could carry on as sink. Diminished cytokinins production by the roots is associated with drought stress, which can possibly hasten senescence in the older leaves by hindering its generation (Xu et al., 2016).

			 

			Drought stress significantly decrease ELWR capacity in tomato leaves. Our outcomes are correlated with Sinclair and Ludlow (1985) who reported that drought stress decrease ELWR and RWC in leaves. They further reported that different stress tolerant varieties might be able to give good results by avoiding drought through minimum water loss and retaining more water and, therefore, maintaining water status in leaves. The high RWC, an optimum ELWR and ELWL have been recommended as significant indicators of water status and also depends on crop variety to resist drought stress (Gunes et al., 2007; El-Tayeb, 2006). Foliar application of chitosan helps to retain more water in tomato crop, thus it helps to maintain water content in tomato leaves and reduce more loss of water from tomato leaves.

			 

			Number of Fruit plant-1

			Mean (Table 2) revealed that that various water stress treatment and foliar application of chitosan was significantly affected fruit plant-1, while their interaction had nonsignificant effect on number of fruit plant-1. Maximum fruit plant-1 (24.66) was recorded in plants treated with 6 days water stress interval, while minimum fruit plant-1 (15.33) was observed in plants treated with 12 days water stress interval. Regarding chitosan, maximum fruit per plant (24.33) was noted in plants treated with 100 mg L-1 chitosan foliar spray, while minimum fruit plant-1 (16.50) was recorded in control treatment.

			 

			Water stress cause a major problem in vegetative growth under stress condition, particularly during shoot development, decrease cell division process, and reduce number of cell per unit (El-Adawy et al., 2003). According to findings of Ghoname et al. (2010) that chitosan have positive effect on growth and qualitative attributes of sweet pepper. Chitosan could enhance photosynthetic pigment and biochemical activities in plants that were directly related to fruits (sink) which helps to increase maximum number of fruits plant-1 (El-Tantawy, 2009). Among different concentration chitosan can enhance number of plant-1 at the rate of 100 mg L-1in tomato crop. The results of our research are in line with the findings of Mondal et al. (2013) who observed that number of fruit plant-1 in tomato improved with foliar application of chitosan at the rate of 75mg L-1. Our results are also similar with those of Chibu et al. (2002) who investigated that when rice and soybean treated with different concentration of chitosan during early growth stages significantly increased plant growth attributes and ultimately increase seed yield.

			 

			Fruit weight (g)

			The analysis of variance in Table 2 for average fruit weight (g) showed that water stress treatment and foliar application of chitosan significantly affected average fruit weight, while their interaction was found non-significant. Maximum average fruit weight (73.71 g) was noticed in plants treated with 6 days water stress interval statistically followed by average fruit weight (73.71 g) was observed in plants have 3 days water stress interval, while minimum average fruit weight (59.95 g) was recorded in plants treated with 12 days water stress interval. The treatment with application of 100 mg L-1 chitosan registered more average fruit weight (74.74 g) as compared to average fruit weight (62.75 g) of untreated plants.

			 

			Water stress is mostly harmful to plants during growth and development by disturbing the electrolyte balance which definitely caused in reduction of some essential nutrients which are required during proper fruit development. Fruit weight significantly decreased due to increase in water stress interval. In some studies peach fruit size and weight were reduced by water stress (Crisosto et al., 1994; Li et al., 1989). Our result are in line with findings of Adballa (2011) they reported that water stress have negative effect on plant growth specially in soybean, groundnuts and white lupins.	Foliar application of chitosan can increase growth parameter of tomato with optimum concentration at 100mg L-1. The results of our research is in accordance with Mukta et al. (2017), they reported that when strawberry plant treated with foliar spray of chitosan it resulted in increased fruit weight.

			 

			Yield (tons ha-1)

			It is quite clear from the Table 2 that water stress interval, foliar spray of chitosan and their interaction significantly affected yield (ton ha-1) of tomato plant. Maximum tomato yield (37.50 ton ha-1) was given by plants with 6 days water stress interval which was statistically similar with yield (36.57 ton hac-1) recorded in plants with 3 days water stress interval, while minimum yield (24.92 ton ha-1) was noted in plants treated with 12 days water stress interval. Regarding chitosan, maximum value of tomato yield (37.37 ton ha-1) was noticed in plants sprayed with 100 mg L-1 chitosan followed by yield (34.24 ton ha-1) observed in plant treated with 150 mg L-1 chitosan, while minimum tomato yield (27.80 ton ha-1) was perceived in control. In case of interaction maximum tomato yield (43.51 tons ha-1) was shown by 6 days water stress interval along with 100 mg L-1 chitosan 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			foliar spray, while lowest yield (20.06 ton ha-1) was given by 12 days water stress interval with control treatment of chitosan (Figure 3).
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			Figure 3: Yield (tons. ha-1) of tomato plant as affected by interaction of chitosan concentration and water stress interval.

			 

			Water is a main limiting factor which reduces the production of horticulture crops and most harvest plants are damaged due to severe water stress. The regular and control water supply throughout the growing season resulted in high yield and good quality of fruit. During growing stages increasing the rate of water supply resulted in higher yield (Sander et al., 1989; Vittum et al., 1962). Our results are in accordance with Costa et al. (2008) who reported that yield and yield components of crops were badly affected by water stress. According to findings of Liu et al. (2003) who suggested that water stress resulted in reduction of yield because of increase in rate of flowers drop, which ultimately resulted in reduction of yield. Our outcomes are correlated with Bittelli et al. (2001) who studied that pepper plants when treated with foliar application of chitosan decreased the gaseous exchange and transpiration from the leaves, decreased the more demand of water use and providing water to biomass and yield during low water availability to the plant. The reduced yield may be due to the negative effect of water stress on the number of branches and leaves per plant as well as leaf area (Table 1), resulting in a reduction in the supply of carbon assimilate and photosynthetic rate by plants and consequently less biomass produced as well as decreased translocation of assimilates towards the developing fruits (Kumar et al., 1994). In addition, yield may be reduced under drought conditions due to increasing the rate of flower abscission and pod abortion (Liu et al., 2003). A decreased rate of carbohydrate flux from leaves to reproductive structures has been reported to control pod set in well-watered plants (Kokubun et al., 2001; Setter et al., 2001). On the other side, the increase in Phaseolus yield due to chitosan application may be due to its effects in stimulating physiological processes, improving vegetative growth, followed by active translocation of photo assimilates from source to sink tissues. The increases in plant biomass may be due to improving photosynthetic machinery (Khan et al., 2002). The role of chitosan in alleviating the harmful effect of water stress on yield may be due to an increase in stomatal conductance and net photosynthetic CO2-fixation activity under water stress (Khan et al., 2002), and to its role in reducing transpiration to save water. Current findings are in accordance with the results of Mondal et al. (2013) who reported that pod number and yield in mung bean increased by the application of chitosan. Current results are also supported by the results of Ghoname et al. (2010), Chibu and Shibayam (1999) they investigated that dry weights of land rice and sweet pepper increased by the application of 0.1 and 0.5% foliar application of chitosan.

			 

			 

			 

			Conclusions and Recommendations

			 

			It is observed from findings of research study that tomato plants treated with foliar application of chitosan at the rate of 100 mg L-1 resulted in maximum average plant height (cm), average number of leaves, leaf area (cm2), chlorophyll content (SPAD), relative water content (%), excised leaf water retention (%), average fruit weight (g), number of fruit plant-1, yield (tons. ha-1). Water stress treatment with 6 days interval combined with foliar spray of chitosan at the rate of 100 mg L-1 are recommended for acquiring maximum growth and yield of tomato under water stress condition.
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Efficacy of Chitosan on Performance of Tomato (Lycopersicon esculentum
L.) Plant under Water Stress Condition
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Abstract | Drought stress is one of the main problems that cause a severe decrease in plant growth,
development and yield. Application of chitosan helps to induce drought resistance and improved water use
efficiency. Therefore, a research study was planned to investigate the effect of chitosan on growth and yield
of tomato (Cv. Rio Grande) plant under water stress condition at Ornamental Nursery, Department of
Horticulture, The University of Agriculture Peshawar, Pakistan, during 2018, using Completely Randomize
Design (CRD) with two factors and repeated three times in a control (Glass house) environment. Different
concentrations of chitosan (0,50, 100,150 mg L") and various water stress intervals (3, 6,9 and 12 days) were
given to tomato plants from 15 days after transplantation. Results showed that various application of chitosan
and water stress interval had a significant (P< 0.01) effect on almost all studied parameter. Tomato plants
treated with 6 days water stress interval had maximum average plant height (82.69 c¢m), average number of
leaves (104.02), leaf area (81.47 cm?), chlorophyll content (71.31 SPAD), relative water content (67.27%),
excided leaf water retention (68.24%), number of fruit plant'(24.66), average fruit weight (73.718 g) and
yield (37.50-ton ha). Similarly, foliar application of chitosan at 100 mg L resulted maximum average
plant height (80.74 cm), average number of leaves (104.19), leaf area (81.05 cm?), chlorophyll content (72.29
SPAD), relative water content (66.82%), excised leaf water retention (66.58%), fruit plant™ (24.33), average
fruit weight (74.74 g) and yield (37.37 ton ha™). It is concluded that 100 mg L 'chitosan application along

with 6 days water interval had positive impact on growth and quality of tomato.
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Introduction which is mostly grown in home gardens and by market
gardeners worldwide. In Pakistan, tomato cultivated

omato (Lycopersicum esculentum L.) is a famous area during 2014-15 was 60700 ha with production
member of family Solanaceae, one of the most  of 570600 tons. In Khyber Pakhtunkhwa tomato was
important and widely used cultivated vegetable crop  cultivated on an area of 13300 ha, while its production
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