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			Abstract | Field experiments were conducted to examine the effect of Potassium fertilizer (K2SO4) on thrips infestation and yield of Swat-1 and Superstone Onion varieties grown at Agricultural Research Institute Tarnab, Peshawar. Potassium treatments were applied @ 0, 30, 40, 50, 60, and 70 (kg ha-1) uniformly to both the varieties. Urea and Diammonium phosphate (DAP) were applied as the source of nitrogen and phosphorous respectively to all the experimental plots. The outcome of applied K was encouraging on both the varieties of onion. Potassium doses depressed thrips infestation (75 % in Swat-1 and 65 % in Superstone) and the effect improved with dose increase up to application of 60 kg ha-1. The lowest yield i.e., weight of onion bulbs and number of marketable onions was observed in control without K treatment whereas maximum yield i.e., weight of onion bulbs and number of marketable onions was obtained when K was applied @ 60 kg ha-1. This study suggests that the thrips population on the onion varieties could be well managed with the application of K @ 60 kg ha-1 to attain maximum quality production of onions yield. 
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			Introduction

			

			Onion (Allium cepa L.) is one of the most vital vegetable crops grown in Pakistan for local consumption and export as well. Pakistan stand 9th among the top onion producers of the World where onion is being grown over an area of 0.138 million hectares with an overall production of 1.833 million tons (Khan et al., 2020). The production of onions per hectare in Pakistan remains nearly unchanged since 2001 which is reported to be due to poor planting densities, improper use of fertilizer, pest infestation and use of inferior quality seed (MNFSR, 2023).

			Onion crops are subjected to a variety of diseases and attack by arthropod pests which can lessen crop yield and quality (Lorbeer et al., 2002). Pest development in primary stages and imbalanced nutrition is known to be responsible for low productivity in onion. The most harmful pests of onion worldwide are the insignificant looking thrips (Thrips tabaci L). They are observed wherever onion is grown, however they are worst in the warmer production regions (Brewster, 1994). Damage by thrips feeding not only results in silvering of the leaves, reduced bulb weight and damage marketable foliage but it also makes onion plants susceptible towards numerous fungal and bacteriological microorganisms which further reduce quality yield (Morse and Hoddle, 2006; Diaz-Montano et al., 2011).

			Fertilizers in optimum utilization play a vital role in control of insects and increase of crop yield per unit area (Samreen et al., 2017). Potassium (K), along with nitrogen (N) and phosphorus (P), is an indispensable plant macronutrient acquired by crops from soils in comparatively large quantities (Imas, 2013). It is important in terms of abundance in plant tissues and physiological and biochemical functions. It has an irreplaceable role in the activation of enzymes that are fundamental to metabolic processes and maintains the water content. It also occupies a vital role in regulating crop yield and quality (Malakouti et al., 2005). Crops with an adequate supply could have a better appearance, taste, flavour and could also produce food free of the signs of pests and diseases (Imas, 2013).

			Potassium (K) is essential component of cell wall and helps plant to grow strong stalks. Plants with proper K supply will have thicker cell wall and increased resistance to insects and pests. K nutrition assists the plant to sustain increased turgor, or water pressure in cells (Wang et al., 2013). Inadequate K supply induces a pale leaf colour which is predominantly appealing for insects. Wilting, usually observed with K shortage, is another attraction to insects when the attacking organism endeavours to push through the cell membrane (Zhang et al., 2024; Li et al., 2022). Physical resistance to pests is also improved because adequate potassium supply ensures complete closure of plant stomata. K shortage results in build-up of soluble N compounds and sugars, which are attractive sources of diet for parasites such as Onion fly, Lesser bulb fly, Thrips etc. Cracks, fissures and lesions that evolve at K scarcity on the surface of leaves and fruits offer easy access particularly for facultative parasites (Beaton et al., 1995).

			The key objective of the present work is to evaluate the effect of various levels of potassium on thrips population and bulb yield in two onion varieties. Research findings will significantly contribute in helping farmers resolves the problem of facing low yield of onions per hectare. 

			Materials and Methods

			Experimental site

			Field experiments were carried out at Agricultural Research Institute Tarnab Khyber Pakhtunkhwa, Pakistan during Rabi, 2014. 

			Varieties 

			Two onion varieties, Swat-1 and Superstone were received from Research Station Mingora and D.I. Khan respectively. Onion seeds were sown in a seedbed from which the plants were transplanted to the field after 45 days.

			 

			Treatment details

			This included treatment of potash @ 30, 40, 50, 60 and 70 kg ha-1) and one control treatment.

			
				
					
					
					
					
				
				
					
							
							Treatments 

						
							
							N kg ha-1 (urea)

						
							
							P2O5 kg ha-1 (DAP)

						
							
							K2O kg ha-1 (SOP)

						
					

					
							
							T1

						
							
							70

						
							
							60

						
							
							0
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							70

						
							
							60

						
							
							30
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							40
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							60

						
							
							70

						
					

				
			

			Fertilizer application

			A fertilizer dose of 70 kg ha-1 N as urea and 60 kg ha-1 P as DAP (Diammonium phosphate) was uniformly given to all treatments including control. Potassium (K) was applied in the form of sulphate of potash (K2SO4). Full doses of DAP and SOP and half dose of urea were applied at the time of sowing (transplanting the onion nursery to the field). The remaining half dose of the urea was applied 30 days after transplanting the onion nursery to the field. 

			Field layout

			There were six treatments including control each treatment was replicated thrice in a Randomized Complete Block Design. Plot size was 12 square meters. There were eight rows per plot. Row-row spacing was 30 cm and the plants were spaced 15cm apart within rows.

			Top 330 at the rate of 100 ml per 10 litre water was sprayed as a pre- emergence weedicide. The effect was observed on thrips population, yield and yield components of onion.
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			Thrips determination

			Thrips data was recorded at the early bulb formation stage of the onion crop when there were six to eight leaves in plants. The data was taken by selecting 10 plants randomly in each plot and the number of Thrips were counted at their larval stage and then the mean was taken.

			 

			Field data

			The bulb yield was determined by weighing the total harvested bulbs and the total yield tons per hectare was calculated by dividing the bulb yield per plot by the area of plot in m2 and multiplying with 10,000 m2.

			Statistical analysis

			The data analysis was performed in excel by selecting the Anova single factor at the alpha level 0.05 (level of significance) to compare the treatment means. The mean differences among the treatments were compared by the post hoc tests by the Fisher’s Least Ssignificance Difference test (LSD), Tukeys’s Honestly Significance Difference test (HSD) and Scheffe’s test.

			Results and Discussion

			The outcome of different levels of K on the number of thrips/plant on Superstone and Swat-1 varieties is presented in Figure 1. Figure 1 shows that maximum number of thrips were recorded in control followed by 30, 40, 50 kg ha-1 application of Potash and minimum in plants treated with 60 kg ha-1. The number of thrips per plant on Swat-1 variety was decreased by 75% over control in 60 kg ha-1 treatment. This proved that thrips flourish more on plants that were grown in soil without K. Figure 1 also reveals the effect of K on number of thrips/plant on Superstone onion variety. The data shows that number of thrips/ plant is maximum in control plots and minimum in 60 kg. ha-1 treatment. The decrease in the number of thrips per plant in 60 kg ha-1 was 65.5 % over control. Similar observations were previously reported in the literature (Imas, 2013; Prajapati and Modi, 2012). Comparison of the thrips infestation on Superstone with Swat-1 variety shows that the number of thrips/ plant is less in Swat-1 than recorded on Superstone variety. This trend was observed in control and is also followed with K doses while the dose 60 kg ha-1 is noted to be the optimal dose for both the varieties showing minimum number of thrips. Potassium is reported to enable plant develop stronger cell walls, an increase in the production of high-molecular-weight compounds (proteins, starches and cellulose) and phenol which protects the plant against any pest attack (Mengel, 2001; Prasad et al., 2010). These findings show that the Swat-1 variety is relatively more resistant to thrips.
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			Figure 1: Effect of potassium application with different rates on population of thrips/plant on Onion varieties.

			The effect of K on weight and number of marketable and non-marketable onions is given in Tables 1, 2. The data were statistically analysed with the help of ANOVA-1 to compare the treatment means (Tables 3, 4). In Swat-1 variety (Table 1) the weight and number of marketable onions was maximum in plots treated with 60 kg/ha K and minimum in control plots however, above 60 kg ha-1 K the effect was unfavourable. Potassium is positively charged and is held relatively loose on the exchange sites in soil. Generally, the potassium-supplying capacity of a soil is better with higher cation exchange capacity (CEC). Excess potassium may behave toxic and reduce plant growth (Sullivan et al., 2001). Similar trend was observed by Islam et al. (2008). They observed that application of potassium at 120 kg ha-1 developed 

			Table 1: Effect of K on yield of Swat-1 onion variety.

			
				
					
					
					
					
					
				
				
					
							
							Treatment details

						
							
							Marketable onion bulbs (t ha-1)

						
							
							Non-marketable onion bulbs (t ha-1)

						
							
							No of marketable onion (ha-1)

						
							
							No of non-marketable onion (ha-1)

						
					

					
							
							N70P60 K0 (K0)

						
							
							3.25

						
							
							0.94

						
							
							135625

						
							
							34375

						
					

					
							
							N70P60K30 (K1)

						
							
							3.69

						
							
							0.44

						
							
							137500

						
							
							33125

						
					

					
							
							N70P60K40 (K2)

						
							
							4.00

						
							
							0.63

						
							
							139375

						
							
							27500

						
					

					
							
							N70P60K50 (K3)

						
							
							4.25

						
							
							0.63

						
							
							141250

						
							
							20625

						
					

					
							
							N70P60K60 (K4)

						
							
							4.69*

						
							
							0.31

						
							
							148750

						
							
							20625

						
					

					
							
							N70P60K70 (K5)

						
							
							3.75

						
							
							0.63

						
							
							140625

						
							
							22500

						
					

				
			

			*refers to the highest value achieved, Values are mean of three replicates, t ha-1 = tonnes per hectare

			Table 2: Effect of K on yield of Superstone onion variety.

			
				
					
					
					
					
					
				
				
					
							
							Treatment details

						
							
							Marketable onion bulbs (t ha-1)

						
							
							Non-marketable onion bulbs (t ha-1)

						
							
							No of marketable onion bulbs (ha-1)

						
							
							No of Non-marketable onion (ha-1)

						
					

					
							
							N70P60 K0 (K0)

						
							
							2.50

						
							
							3.25

						
							
							73125

						
							
							22500

						
					

					
							
							N70P60K30 (K1)

						
							
							3.13

						
							
							0.88

						
							
							84375

						
							
							20000

						
					

					
							
							N70P60K40 (K2)

						
							
							3.25

						
							
							0.75

						
							
							84375

						
							
							16250

						
					

					
							
							N70P60K50 (K3)

						
							
							3.25

						
							
							0.75

						
							
							87500

						
							
							13750

						
					

					
							
							N70P60K60 (K4)

						
							
							3.63*

						
							
							0.69

						
							
							97500

						
							
							18750

						
					

					
							
							N70P60K70 (K5)

						
							
							 2.94

						
							
							0.94

						
							
							82500

						
							
							21875

						
					

				
			

			*refers to the highest value achieved, Values are mean of three replicates, t ha-1 = tonnes per hectare.

			Table 3: Post Hoc analysis of Yield (t ha-1) of onion varieties after ANOVA-1.

			
				
					
					
					
					
				
				
					
							
							Treatment 

						
							
							V1 (marketable and non- marketable)

						
							
							V2 (marketable and non- marketable)

						
							
							Mean

						
					

					
							
							N70P60 K0 (K0)

						
							
							4.19

						
							
							4.57

						
							
							4.97a

						
					

					
							
							N70P60K30 (K1)

						
							
							4.13

						
							
							4.01

						
							
							4.07a

						
					

					
							
							N70P60K40 (K2)

						
							
							4.63

						
							
							4.00

						
							
							4.32a

						
					

					
							
							N70P60K50 (K3)

						
							
							4.88

						
							
							4.00

						
							
							4.44a

						
					

					
							
							N70P60K60 (K4)

						
							
							5.00

						
							
							4.32

						
							
							4.66a

						
					

					
							
							N70P60K70 (K5)

						
							
							4.38

						
							
							3.88

						
							
							4.13a

						
					

					
							
							Mean

						
							
							4.54

						
							
							4.33

						
							
					

				
			

			*V1= swat-1 variety, V2= superstone variety the mean followed by similar letter (s) are not significantly different at p=0.05

			maximum bulb yield (14.76 t ha-1) and further increase in the dosage of potassium did not display any growth in yield of onion. They also noted the lowest bulb yield (7.94 t ha-1) from control (0 kg ha-1 potassium). The increase in weight of marketable onion and number of marketable onion bulbs in plants treated with 60 kg ha-1 K was 30 % and 9 %, respectively over the control. In contrast, the number and weight of non-marketable onion was in ascending order from control to 60 kg ha-1 K treatment. The decrease in weight and number of non-marketable onion in 60 kg ha-1 K was 67 % and 40 % over control.

			Table 4: Post Hoc analyses of total no. of onion varieties ( ha-1) after ANOVA-1.

			
				
					
					
					
					
				
				
					
							
							Treatment 

						
							
							V1 (no. of marketable and non-marketable)

						
							
							V2 (no. of marketable and non-marketable)

						
							
							Mean

						
					

					
							
							N70P60 K0 (K0)

						
							
							170000

						
							
							95625

						
							
							132812a

						
					

					
							
							N70P60K30 (K1)

						
							
							170625

						
							
							104375

						
							
							137500a

						
					

					
							
							N70P60K40 (K2)

						
							
							166875

						
							
							100625

						
							
							133750a

						
					

					
							
							N70P60K50 (K3)

						
							
							161875

						
							
							101250

						
							
							131562b

						
					

					
							
							N70P60K60 (K4)

						
							
							169375

						
							
							116250

						
							
							142812ab

						
					

					
							
							N70P60K70 (K5)

						
							
							163125

						
							
							104375

						
							
							133750c

						
					

					
							
							Mean

						
							
							140000

						
							
							103750

						
							
							135364

						
					

				
			

			*V1= swat-1 variety, V2= superstone variety the mean followed by similar letter (s) are not significantly different at p=0.05

			The weight and number of marketable onion bulbs recorded in Superstone variety were maximum in 60 kg ha-1 K and minimum in control which is somewhat similar to the trend observed in Swat-1 variety (Table 2). The increase in weight of marketable onion bulbs was 31 % in 60 kg ha-1 K treatment over control. The number and weight of non-marketable onion was in ascending order from control to 60 kg ha-1 K. The decrease in weight and number of non-marketable onion in 60 kg ha-1 K was 79 % and 17 % respectively over control. The weight of marketable onion bulbs per hectare in Swat-1 significantly increased from 5.2 in control to 7.5 kg ha-1 with K level of 60 kg ha-1 while in Superstone the weight of marketable onion increased from 4.0 to 5.8 kg ha-1. The results observed here are in agreement with the conclusions of Jiang et al. (1998) and Nagaich et al. (1998). Onions, remove nearly as much potash as nitrogen for production (Halliday and Trenkelm, 1992). Hence, for better yield the use of fertilizers in a well-balanced proportion is mandatory. The present results illustrated potassium application as fundamental constituent of balanced fertilizers application for high yield. Thus, in the present studies, 60 kg ha-1 potassium proved to be in balance ratio with N and P fertilizers.

			Conclusions and Recommendations

			Potassium treatments @ 60 kg ha-1 significantly increased yield of both the onion varieties. The yield, weight and number of marketable onions also increased with potassium doses compared to control and the effect was more prominent at 60 kg ha-1 dose rate. Potassium doses depressed thrips infestation and the effect improved with dose increase till 60 kg ha-1. Swat-1 variety was comparatively more resistant to thrips infestation and yielded more production as compared to Superstone variety. Upto 60 kg ha-1 application of K was tolerable and suggested to growers for field application to get good quality crop and high yield of onion in Peshawar region of Khyber Pakhtunkhwa. 
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Abstract | Field experiments were conducted to examine the effect of Potassium fertilizer (K,SO,) on thrips
infestation and yield of Swat-1 and Superstone Onion varieties grown at Agricultural Research Institute
Tarnab, Peshawar. Potassium treatments were applied @ 0, 30,40, 50, 60, and 70 (kg ha™) uniformly to both the
varieties. Urea and Diammonium phosphate (DAP) were applied as the source of nitrogen and phosphorous
respectively to all the experimental plots. The outcome of applied K was encouraging on both the varieties of
onion. Potassium doses depressed thrips infestation (75 % in Swat-1 and 65 % in Superstone) and the effect
improved with dose increase up to application of 60 kg ha™'. The lowest yield i.e., weight of onion bulbs and
number of marketable onions was observed in control without K treatment whereas maximum yield i.e.,
weight of onion bulbs and number of marketable onions was obtained when K was applied @ 60 kg ha™. This
study suggests that the thrips population on the onion varieties could be well managed with the application
of K@ 60 kg ha™ to attain maximum quality production of onions yield.
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Introduction and use of inferior quality seed (MINFSR, 2023).

Onion (Allium cepa L.) is one of the most vital  Onion crops are subjected to a variety of diseases and
vegetable crops grown in Pakistan for local attack by arthropod pests which can lessen crop yield
consumption and export as well. Pakistan stand 9"  and quality (Lorbeer ez al, 2002). Pest development
among the top onion producers of the World where  in primary stages and imbalanced nutrition is known
onion is being grown over an area of 0.138 million to be responsible for low productivity in onion. The
hectares with an overall production of 1.833 million  most harmful pests of onion worldwide are the
tons (Khan ez a/.,2020). The production of onions per  insignificant looking thrips (75rips tabaci L). They
hectare in Pakistan remains nearly unchanged since are observed wherever onion is grown, however
2001 which is reported to be due to poor planting they are worst in the warmer production regions
densities, improper use of fertilizer, pest infestation  (Brewster, 1994). Damage by thrips feeding not only
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