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			Abstract | In the field trials set up at the Agricultural Research Station, Peshawar, during the Kharif season, an evaluation study was conducted on the use of elemental sulfur on growth, yield, and the incidence of downy mildew in ridge gourd plants. The Japan variety of ridge gourd was fertilized with urea, diammonium phosphate, sulphate of potash, and elemental sulfur in five variable treatments. The application of elemental sulfur significantly enhances the nutrient use efficiency. The experimental trials showed promising responses in cultivated plants with elemental sulfur fertilization, resulting in a marked increase in ridge gourd yield of 29% per hectare and enhanced potassium uptake of approximately 76% per hectare over the control. Examination of the trials demonstrates that the ratio of sulfur with N:P:K levels in plants serves as an excellent indicator of the nutritional status of sulfur in plants. The well-adjusted utilization of sulfur exhibited that the optimum doses for the ridge gourd crop cultivation were 40 kg ha-1 of elemental sulfur in combination with K, P, and N in ratios 60, 60, and 90 kg ha-1, respectively. The elemental sulfur also leads to a significant increase in the number of fruits per plant, fruit length, fruit diameter, and single fruit weight in comparison to the plants without the fertilization of sulfur. The results revealed that S fertilization also resulted in a considerable decline in Downey mildew incidence over the control.  A significant reduction in Downey mildew from 20 to 3% of infectious leaves was noted with the use of sulfur. These observations recommend that proper sulfur management in ridge gourd crop is indispensable for increasing use efficiencies, improving the crop productivity, and lessening of the downy mildew, a particular problem for growers of the vegetables in marketable agriculture.
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			Introduction 

			Sulfur (S) the fifth most abundant element on earth is the fourth most important macronutrient for plant nutrition (Sharma et al., 2023). It regulates leaves’ chlorophyll formation and is a major component of protein, enzymes required for plant metabolic activities (De Kok et al., 2005). Sulfur is reported to have a shortage in approximately 100 x 106 ha of soil in various parts of the world. This shortage in soil could only be overcome through appropriate sulfur fertilization which would produce more and higher quality yields (Haider and Schäffer, 2009).

			Beaton et al reported that the optimum utilization of fertilizers play a vital role in disease controlling and increasing yield per unit area (Beaton et al., 1995). A field study was conducted by Khalid et al., (2009) to evaluate the effect of S fertilizers on rapeseed crops. It was observed in his studies that the doses of different levels of S fertilization increased yield and yield parameters of rapeseed crops. A large number of articles are available on the reduction of plant yield due to sulfur deficiency. Keya et al. (1991) reported that the metabolism of N will be upset by S deficiency. The soil pH drops as sulfur is oxidized, resulting in the conversion of maximum nutrients to the easily accessible form for plant uptake. (Kaya et al., 2009). Kalbasi et al recommendation based on their experimental findings suggested that the application of S adjusts soil pH or rhizosphere, from alkaline to acidic which enhances the availability and uptake of iron (Fe), leading to an increase in Fe levels in plants (Kalbasi et al., 1988). In addition, Saoud et al found that soil pH drop and soil concentration of S increased significantly in all soil species when S was added alone or in addition to P and other micro-nutrients (Soaud et al., 2011). Similar findings were also observed in numerous publications (Kabata-PeNdiaS and PeNdiaS, 1992).

			Sulfur (S) deficiency in soil can have a significant negative impact on the efficiency of applied NPK (nitrogen, phosphorus, potassium) fertilizers, and consequently, on crop yield sustainability. The core function of sulphur is to balance other nutrients and create the environment less favorable for pathogens. Ryant and Hlusek observed an increase in growth in seed and straw yields of Mustard when elemental S was used as an additive in complex NPK fertilizer (Ryant and Hlusek, 2007).

			Sulfur compounds in root exudates and metabolites are formed from residue decomposition which affect pathogen virulence, improve plant ability against diseases and biological pest control (Williams and Cooper, 2004). Sulfur also improves the efficiency of plant K uptake. Potassium deficiency leads to the accumulation of sugars and soluble nitrogen compounds, both of which serve as favorable food sources for the parasite (Kemble et al., 2016). Potassium deficiencies also promote the development of cracks, fissures, and lesions on the surface of leaves and fruits which are a greater source of attraction for facultative parasites. Wilting, often associated with potassium deficiency, increases membrane vulnerability, allowing an invading organism to penetrate the cell (Kemble et al., 2016). Sufficient potassium source ensures complete closure of plant stomata and plant physical resistance to pests which could only be mobilized when S is supplied in an exactly optimized ratio.

			Ridge gourd is a cucurbitaceous summer vegetable grown in Pakistan over an area of 7030 hectares with a total production of 91149 tons per year (Awan et al., 2023). This economically important plant of ridge gourd vegetable is extensively grown in Southeast Asia, India, China, Japan, Egypt, and other African countries (Kumsab et al., 2024). Ridge gourd suffers from a variety of fungal, bacterial, and viral diseases. But amongst the diseases, downy mildew causes substantial losses which vary remarkably depending on the stage of infection, genotype, and environmental conditions. Downy mildew reduces the number of flowers and the development of fruit in ridge gourd by destroying the foliage, which significantly disrupts production. (Ganesh et al., 2024).

			In Pakistan ridge gourd is also cultivated as a preferred food source in various regions of the country but due to frequent downy mildew attacks the marketable quality production is sacrificed. Downy mildew has been reported as a parasite of plants in many parts of the world (Palti et al., 1980). Downy mildew is monetarily the most damaging problem (Dick, 2001) which is brought about by Pseudoperonospora cubensis. This parasite has absolute reliance on its host plant for finishing its life cycle (Goker et al., 2007). Its existence has been monitored in more than 70 countries of the world. Around 30-40% yield losses are reported due to the Downey mildew disease (Colucci et al., 2006) which may boost up to 100% if the environmental conditions are more favorable for survival (Holmes et al., 2006; Lebeda and Urban, 2007).

			Downy mildew attacks hinder plant development and also weaken the quality and amount of yield. (Said et al., 2014). Disease caused by the pathogen Pseudoperenospora cubensis (downy mildew), is posing major limitations in commercial cultivation of ridge gourd.

			Although synthetic fungicides are more promising and quick method in controlling mildew disease however there is a growing public concern about so many side effects on the ecosystem, human health, microbes, soil, environment, etc. (Dubey et al., 2007). These problems led farmers to adopt alternative methods for disease control such as plant cultiva­tion practices soil tillage operations, plant breeding, and plant nutrition (Goldmann and Koduru, 2000). The plant nutritional status has long been identified as one of the key factors against diseases. The appropriate balanced individual nutrient supply ratios are crucial for improving plant health, enhancing production efficiency, and increasing crop quality (Ortel et al., 2024). 

			Sulfur is not considered a plant nutrient in fertilization practices in Pakistan and very little is known about the S status of soil in the country. To our knowledge, no data is available in the literature on sulfur fertilization studies and control of the pathogen Downey mildew on ridge gourd.

			The focus of this study is related to the impact of sulfur on nitrogen and potassium uptake profile, yield quality improvement of ridge gourd, and the reduction of host downy mildew on ridge gourd plant.

			Materials and Methods

			Experimental site

			A field experiment was carried out to examine the outcome of elemental sulfur on N and K efficiency and incidence of downy mildew in ridge gourd at agriculture research institute (ARI) Tarnab KP Pakistan during Kharif, season. 

			Sowing of plants

			Ridge gourd seeds were grown directly in the ground. The seeds were sown 2 inches deep and 2 feet apart. 15 seeds of ridge gourd Japan variety were sown per plot. The field was irrigated immediately after sowing.

			Fertilizer application 

			The ridge gourd crop was fertilized with nitrogen in the form of urea, phosphorous in the form of diammonium phosphate, potassium in the form of sulphate of potash and sulfur in the form of elemental sulfur. 

			Disease assessment 

			The disease intensity of Downy mildew was recorded by randomly selecting 6 plants per treatment. The plants were properly tagged and three leaves (one each from the bottom, middle, and top) per plant were selected. The disease intensity was recorded by applying 0 - 5 disease rating scale (Singh et al., 2014) as described below in the Table 1.

			Table 1: Disease rating scale

			
				
					
					
				
				
					
							
							Numerical rating (scale) 

						
							
							Description 

						
					

					
							
							0

						
							
							No visual infection area/symptoms on leaf

						
					

					
							
							1

						
							
							1-5% leaf area affected

						
					

					
							
							2

						
							
							6-20 % leaf area affected

						
					

					
							
							3

						
							
							21-40 % leaf area affected

						
					

					
							
							4

						
							
							41-70 % leaf area affected 

						
					

					
							
							5

						
							
							71-100 % leaf area affected 

						
					

				
			

			The percent disease index was calculated from the equation mentioned below,
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			The plants were carefully examined and downy mildew disease was recorded. The plants were randomly selected in each plot and the disease intensity was rated by 0-5 scale (Mayee and Datar, 1986). The disease intensity in each plot was calculated by the method described in the literature (Wheeler, 1969).

			Before sowing of ridge gourd the soil samples were collected from the root zone (0-15 cm) of each treatment. A composite sample was also analyzed. The soil was analyzed by employing standard procedure for pH, EC. 10.3, % CaCO3, % organic matter, % N, % P, % K and % TSS in the department of Soil Science (Table 2).

			Treatments details

			Five treatments, including a control, were each replicated three times using a Randomized Complete Block Design as shown in Table 3. The plot size for each treatment was 16 square meters.

			Potassium determination

			The potassium concentration in leaves was measured 

			Table 2: Soil characteristics of the experimental site.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							% CaCO3

						
							
							% Organic matter

						
							
							% N

						
							
							% P

						
							
							% Soil K

						
							
							pH

						
							
							EC.10-3

						
							
							TSS %

						
					

					
							
							T1(control)

						
							
							9.9

						
							
							0.88

						
							
							0.044

						
							
							7.2

						
							
							167

						
							
							8

						
							
							0.16

						
							
							0.052

						
					

					
							
							T2

						
							
							9.8

						
							
							0.93

						
							
							0.046

						
							
							5.4

						
							
							157

						
							
							7.96

						
							
							0.18

						
							
							0.057

						
					

					
							
							T3

						
							
							9.08

						
							
							0.88

						
							
							0.044

						
							
							7.7

						
							
							173

						
							
							8

						
							
							0.17

						
							
							0.055

						
					

					
							
							T4

						
							
							9.41

						
							
							0.92

						
							
							0.045

						
							
							6.8

						
							
							177

						
							
							8

						
							
							0.17

						
							
							0.054

						
					

					
							
							T5

						
							
							9.3

						
							
							0.88

						
							
							0.044

						
							
							7.5

						
							
							183

						
							
							8

						
							
							0.16

						
							
							0.053

						
					

					
							
							Composite sample

						
							
							9

						
							
							0.93

						
							
							0.046

						
							
							8.5

						
							
							150

						
							
							8

						
							
							0.16

						
							
							0.051
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			Figure 1: Variations in ridge gourd yield as a function of sulfur treatments

			as per standard method (Helrich, 1990) with a flame photometer model Sherwood Flame Photometer 410. 

			Table 3: Treatments detail.

			
				
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							N kg ha-1

						
							
							P2O5 

							kg ha-1

						
							
							K2O 

							kg ha-1

						
							
							Elemental sulfur kg ha-1

						
					

					
							
							T1

						
							
							0

						
							
							60

						
							
							0

						
							
							40

						
					

					
							
							T2

						
							
							90

						
							
							60

						
							
							0

						
							
							40

						
					

					
							
							T3

						
							
							0

						
							
							60

						
							
							60

						
							
							40

						
					

					
							
							T4

						
							
							90

						
							
							60

						
							
							60

						
							
							0

						
					

					
							
							T5

						
							
							90

						
							
							60

						
							
							60

						
							
							40

						
					

				
			

			N in the form of urea, P in DAP and K as SOP

			Statistical analysis

			The data analysis was conducted in Excel using the ANOVA single- factor option at an alpha level of 0.05 to assess the differences in treatment means. The differences in means across treatments were evaluated using post hoc multiple comparison tests, including Fisher’s least significant difference test (LSD), Tukey’s Honestly Significant Difference test (HSD), and Scheffe’s test. 

			Results and Discussion

			Effect of elemental sulfur on ridge gourd yield 

			The effect of S has shown a significant increase in ridge gourd yield (Figure 1). As seen from the figure there is a major yield increase in treatment T2 over T1 where S was applied only with P whereas the difference in yield among the treatments T2, T3, and T4 is not very significant where there is one component of fertilizer missing in each treatment. However, when S is applied in a balanced ratio with NPK a major increase in the yield of ridge gourd (T5) is observed.

			The data presented in Table 4 revealed that maximum yield was recorded in T5 (plots treated with K2O and P2O5 each 60 kg ha-1, N 90 kg ha-1 and elemental sulfur 40 kg ha-1) followed by T4 where only NPK fertilizer was applied at their recommended rate. Minimum yield was obtained in T1 (40 kg ha-1 elemental sulfur and 60 kg ha-1 P2O5). The %age yield observed in treatment T5 was increased by 7.5% and 34% over T4 and T1 respectively. Singh et al., (2014) noticed maximum lentil seed yield with 30 kg 

			Table 4: Effect of elemental sulfur on the number of picking and yield of ridge gourd.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							Ist picking

						
							
							2nd picking

						
							
							3rd picking

						
							
							4rth picking

						
							
							5th picking

						
							
							6th picking

						
							
							7th picking

						
							
							Total kg.(16m2)-1

						
							
							Yield kg.ha-1

						
					

					
							
							T1

						
							
							2.4

						
							
							4.5

						
							
							3.7

						
							
							6.6

						
							
							4.7

						
							
							3.5

						
							
							2.6

						
							
							24

						
							
							15000

						
					

					
							
							T2

						
							
							3.4

						
							
							3.5

						
							
							4.7

						
							
							2.8

						
							
							9.2

						
							
							3.6

						
							
							3.5

						
							
							30.70

						
							
							19187.5

						
					

					
							
							T3

						
							
							3.5

						
							
							3.5

						
							
							5.1

						
							
							3.8

						
							
							7.0

						
							
							4.2

						
							
							3.5

						
							
							30.60

						
							
							19125.0

						
					

					
							
							T4

						
							
							4.2

						
							
							1.3

						
							
							5.3

						
							
							5.6

						
							
							8.3

						
							
							3.7

						
							
							3.0

						
							
							31.50

						
							
							19687.7

						
					

					
							
							T5

						
							
							4.6

						
							
							3.0

						
							
							6.0

						
							
							4.6

						
							
							8.5

						
							
							3.7

						
							
							2.5

						
							
							33.95

						
							
							21218.7*

						
					

				
			

			Note: multiple comparison post hoc tests were performed such as LSD, HSD and Scheffe;s. Asterisk indicate a statistically significant difference ( scheffe’s post hoc, p< 0.05)

			residual sulfur. Salvagiotti et al., (2017) and Rebi. et al (2020) also noticed a similar increase in grain yield of maize with S fertilization. Kulczycki (2021) found positive effect of S fertilization in oilseed rape and winter wheat by the significant increase in yield.

			It is established from the above experimental observations that fertilization of elemental sulfur lowers the soil pH and increases the efficiency of NPK fertilizer by increasing the easy availability of nutrients to plants and thus increasing the yield per unit area.

			Table 5: Effect of elemental sulfur on the yield components of ridge gourd.

			
				
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							Number of fruits/plant

						
							
							Fruit length (cm)

						
							
							Fruit diameter (cm)

						
							
							Single fruit weight (g)

						
					

					
							
							T1

						
							
							13

						
							
							10

						
							
							2.2

						
							
							65

						
					

					
							
							T2

						
							
							22

						
							
							11

						
							
							3.0

						
							
							84

						
					

					
							
							T3

						
							
							18

						
							
							12

						
							
							3.5

						
							
							94

						
					

					
							
							T4

						
							
							25

						
							
							15

						
							
							4.2

						
							
							104

						
					

					
							
							T5

						
							
							30*

						
							
							16*

						
							
							5.5*

						
							
							120*

						
					

				
			

			Note: multiple comparison post hoc tests were performed such as LSD, HSD and Scheffe;s. Asterisk indicate a statistically significant difference ( scheffe’s post hoc, p< 0.05)

			Effect of sulfur on the number of fruits per plant 

			Table 5 shows data regarding the number of fruits per ridge gourd plant for various treatments affected by fertilization of the elemental sulfur. Maximum number of fruits per plant were attained in T5 (P2O5 60 kg ha-1, K2O 60 kg ha-1, N 90 kg ha-1 and elemental sulfur 40 kg ha-1) followed by T4 (60 kg ha-1 P2O5, 60 kg ha-1 K2O, 90 kg ha-1 N). Minimum yield was achieved in T1 where elemental sulfur was applied @ 40 kg ha-1 and P2O5 @ 60 kg ha-1. The %age increase in number of fruit per plant was 18% and 79% over T4 and T1. The data in T1 and T2 indicated the interaction effect of elemental sulfur with nitrogen fertilizer. Greater number of fruits per plant in T2 (60 kg ha-1 P2O5, 90 kg ha-1 N and 40 kg ha-1 elemental sulfur) was observed than in T1 (40 kg ha-1 elemental sulfur, 60 kg ha-1 P2O5) which is 31.6% higher in T2 over T1. This was due to the increased uptake of nitrogen by sulfur application because N is regarded as a crucial element in the growth and productivity of plants. Murovhi (2013) observed a significant increase in the number of orange fruits per tree with the application of S fertilizer application. S is macronutrient its deficiency affects the efficiency of other applied nutrients. The sulfur fertilization in nutrient-deﬁcient soils enhances the plant photosynthetic ability and improving crop growth rate.

			Effect of sulfur on fruit length and diameter 

			The fruit length and diameter was noted maximum in T5 where NPK fertilizer was applied in combination with elemental sulfur followed by NPK fertilizer alone. The data tabulated in Table 5 showed that minimum values were recorded in T1 where only phosphorous fertilizer and elemental Sulfur were applied. Fruit length in T5 was 6.4% and 46% higher over treatments T4 and T1 respectively. Fruit diameter in T5 was 27 % and 86% larger over T4 and T1 respectively. T1and T3 showed the interaction effect of potash with elemental sulfur. The quality parameters, fruit length and fruit diameter were found maximum in T3 than in T1. Fruit length in T3 was 18% greater than T1 whereas fruit diameter in T3 was 46 % more than T1. This was due to the increase in uptake of potash with sulfur application. The overall behavior/trend regarding the fruit length and fruit diameter (cm) is shown in (Figure 2) which revealed that the interaction between elemental S and NPK fertilizer is positively affecting the yield related parameters i.e., fruit length and fruit diameter of ridge gourd. Similar behavior was reported in the literature on tomato and 

			[image: ]

			Figure 2: Ridge gourd yield parameters with sulfur treatments.

			sweet pepper (Capsicum annuum L.) (Gopal et al., 2003; Sawsan et al., 2007). The length and diameter of the fruit are a reflection of the significant role that sulfur plays in photosynthesis and protein synthesis.

			Single fruit weight

			Table 6: Effect of elemental sulfur on % mildew and potassium uptake of ridge gourd.

			
				
					
					
					
				
				
					
							
							Treatments

						
							
							% disease incidence of Downey mildew

						
							
							K Uptake (mg)

						
					

					
							
							T1

						
							
							14

						
							
							20

						
					

					
							
							T2

						
							
							11

						
							
							20

						
					

					
							
							T3

						
							
							14

						
							
							83*

						
					

					
							
							T4

						
							
							20*

						
							
							63

						
					

					
							
							T5

						
							
							3

						
							
							83*

						
					

				
			

			Note: multiple comparison post hoc tests were performed such as LSD, HSD and Scheffe;s. Asterisk indicate a statistically significant difference ( scheffe’s post hoc, p< 0.05)

			The single fruit weight of mature ridge gourd also showed the same trend as was observed in the previous discussions above. The highest fruit weight (120 g) was gained by fruit in treatment T5 and T1 reported the lowest single fruit weight (65 g) which indicates towards a significant change in fruit weight with sulfur treatment.

			Maximum single fruit weight is obtained in treatment T5 (Table 5) which is almost 85% greater compared to control (T1). The single fruit weight has shown a gradual increase in weight in all the treatments from T1 to T5 (Figure 2). These results may be attributed to the beneficial effects of sulfur in reducing soil pH and promoting soil particle flocculation. Such changes enhance soil structure and increase the availability of specific plant nutrients (El-Galla et al., 1989).

			Sulfur effect on downey mildew disease incidence

			The data of disease intensity of Downey mildew on ridge gourd as a function of S treatments is given in Table 6 which ranges the %age disease intensity of Downy mildew from 3 to 20 per cent. The data also shows that the %age of Downey mildew in all the treatments is less than observed in T4 (control). The maximum value of disease is 20% in (T4) while a minimum value of 3% is observed in treatment T5 (N 90, P 60, K 60, S 40 @ kg ha-1).The decreasing tendency of incidence of Downy mildew can more clearly be understood from the Figure 3. In case of T5 mildew incidence is minimum with a maximum uptake of potassium. The Percent disease incidence of downy mildew was found maximum in T4 (NPK alone) and minimum damage by downy mildew was recorded in T5 where NPK fertilizer was applied in combination with elemental sulfur. Percent disease incidence by Downey mildew in T5 is decreased by 79% over T4. Podleśna et al. (2005) reported that sulfur fertilization significantly reduced the downy mildew appearance on spring oilseed rape. The activity of sulfur in plants is multi-directional due to its high impact on nitrogen metabolism which not only improve fruit yield and its quality, but also increase plant resistance to pathogens (Skwierawska et al., 2016). 

			The Percent disease incidence by Downey mildew in T1 (phosphorous fertilizer + elemental sulfur 
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			Figure 3: Effect of sulfur treatments on the K uptake and % mildew infestation for ridge gourd.

			only) and T3 (potash + Phosphorous fertilizer and elemental Sulfur at recommended rate) were found similar. Keeping the data trend in mind, it is advisable to manage downy mildew disease of ridge gourd by adopting elemental Sulfur management measures of combine treatments. As extensively reviewed by Williams and Cooper (2004), the accepted theory relies on the uptake of sulfur into the fungal cytoplasm, where it affects several cellular processes in the mitochondrial respiratory chain and may react with hydrogen to form toxic hydrogen sulfide.

			Potassium uptake

			The uptake of potassium is significantly influenced by S fertilization (Table 6). The maximum K uptake was recorded in treatments where S was applied with K followed by NPK fertilizer alone and minimum was recorded in plots where no K was applied. The K uptake was similar in T5 and T3 followed by T4 and minimum was recorded in T1. The S fertilization increased K uptake by 76% over control in treatment T5 (Table 6). This might be due to the fact that the effect of S is more favorable on K absorption in ridge gourd plant. The comparative uptake in treatments T1 and T2 is non-significant but T2 has a yield advantage of 28% over treatment T1. In Treatment T3 there is a significant increase in K uptake which abruptly decline in treatment T4 but the yield increase is not compromised and a gradual increase in yield output is noted. The maximum uptake of K over control in T5 (79%) is well in line with the yield output of ridge gourd 21218.7 kg ha-1 (Figure 1 and Figure 3). Addition of elemental S application to the soil increased the uptake of K. This may be due to the fact that the elemental S is decreasing soil pH by its oxidation and formation of sulfuric acid which lead to the absorption of K ions on colloidal surface and release of K to the soil solution. El-Fahdawi et al. (2020) also found that applying S significantly increased the availability of NPK in soil, as well as improved corn growth and yield (El-Fahdawi et al., 2020). The findings of Motior et al., (2011) on cucumber crop revealed that the application of sulfur improves nutrient uptake, increases yield, and enhances the quality of the cucumber (Motior et al., 2011).

			The above experimental data concludes that elemental sulfur is instrumental in increasing the efficiency of NPK fertilizer and thus increasing the ridge gourd yield per unit area. The fertilization of elemental S played a vital role in improving resistance against downy mildew invasion in the ridge gourd.

			Conclusions and Recommendations

			Although synthetic fungicides are more capable of controlling Downey Mildew disease however there are numerous hostile effects of them. The undesirable impact of excessive use of synthetic fungicides has been becoming a hazard for the entire ecosystem, human beings, microbes, soil, environment, etc. Sulfur has been found to improve growth, development, optimum crop yield and increased resistance to pathogens. Sulfur also affects N and P efficiencies in the soil and must be aligned with crop requirements. Downey mildew was found to flourish more in plots where no elemental sulfur was applied and the least infection was recorded where elemental sulfur was applied in combination with K. The recommended dose of sulfur is best for growers farming in Peshawar district to receive maximum yield and quality of Ridge gourd.
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The Effect of Elemental Sulfur on Nitrogen and Potassium Efficiency
and Incidence of Downy Mildew in Ridge Gourd

Tayyeba Samreen

Soil Science Department, Directorate of Soil and Plant Nutrition, Agricultural Research Institute Tarnab, Peshawar, Khyber
Pukbtunkhwa, Pakistan.

Abstract | In the field trials set up at the Agricultural Research Station, Peshawar, during the Kharif season,
an evaluation study was conducted on the use of elemental sulfur on growth, yield, and the incidence of
downy mildew in ridge gourd plants. The Japan variety of ridge gourd was fertilized with urea, diammonium
phosphate, sulphate of potash, and elemental sulfur in five variable treatments. The application of elemental
sulfur significantly enhances the nutrient use efficiency. The experimental trials showed promising responses in
cultivated plants with elemental sulfur fertilization, resulting in a marked increase in ridge gourd yield of 29%
per hectare and enhanced potassium uptake of approximately 76% per hectare over the control. Examination
of the trials demonstrates that the ratio of sulfur with N:P:K levels in plants serves as an excellent indicator
of the nutritional status of sulfur in plants. The well-adjusted utilization of sulfur exhibited that the optimum
doses for the ridge gourd crop cultivation were 40 kg ha! of elemental sulfur in combination with K, P,and N in
ratios 60, 60, and 90 kg ha'!, respectively. The elemental sulfur also leads to a significant increase in the number
of fruits per plant, fruit length, fruit diameter, and single fruit weight in comparison to the plants without the
tertilization of sulfur. The results revealed that S fertilization also resulted in a considerable decline in Downey
mildew incidence over the control. A significant reduction in Downey mildew from 20 to 3% of infectious
leaves was noted with the use of sulfur. These observations recommend that proper sulfur management in
ridge gourd crop is indispensable for increasing use efficiencies, improving the crop productivity, and lessening
of the downy mildew, a particular problem for growers of the vegetables in marketable agriculture.
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Introduction leaves’ chlorophyll formation and is a major
component of protein, enzymes required for plant

Sulfur (S) the fifth most abundant element on metabolic activities (De Kok ez a/., 2005). Sulfur is
earth is the fourth most important macronutrient  reported to have a shortage in approximately 100 x 10°
for plant nutrition (Sharma ez 4., 2023). It regulates  ha of soil in various parts of the world. This shortage
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