[bookmark: _GoBack][bookmark: _Hlk191633948]On-plant bioassay on okra plants to evaluate the efficacy of a biorational pesticide against Amrasca bigutulla bigutulla Ishida (Hemiptera: Cicadellidae).


Abstract
	Okra (Abelmoschus esculentus L. Moench), belongs to the Malvaceae family, is an important annual vegetable crop that is grown year-round in India. The cultivation of okra encounters numerous challenges, especially from pest infestations. Leafhopper (Amrasca bigutulla bigutulla), a particularly destructive pest during the crop's early growth phases, poses a significant threat by weakening plants and reducing yield due to sap extraction, resulting in a yield loss of 54.04%. Leafhoppers inject toxic saliva into plants, which leads to "hopper burn" symptoms that harm the plants and stunt their growth. The extended application of synthetic chemical pesticides has led to a resurgence of numerous insect pests in okra. Biorational pesticides, like potassium salts of fatty acids often known as soap salts can be utilized in the management of various sucking pests as an alternative. On-plant bioassay was conducted to evaluate the effectiveness of Potassium Salts of Fatty Acids 49% SL at various concentration along with two Standard checks viz., Azadirachtin 05.00% w/w Min. Neem Extract Concentrates @ 0.5 mL/L and Imidacloprid 17.80 % SL @ 0.25 mL/L against Amrasca bigutulla bigutulla. Our results revealed that Potassium Salts of Fatty Acids 49% SL @ 15 and 18.75 mL/L resulted in 100 per cent mortality after 3 DAT which was on par with Standard checks-1 & 2. 
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1. Introduction
	Okra (Abelmoschus esculentus), commonly referred to as lady’s finger or bhendi, is part of the Malvaceae family originating from Africa, it is grown in tropical, subtropical, and warm temperate regions across various nations in Africa, Asia, Southern Europe, and America (Dantas et al., 2021). Okra offers both nutritional and therapeutic benefits. Oxalic acid, thiamine, riboflavin, nicotinic acid, and vitamins A, B, and C are present in the green tender pod. Compared to other vegetables, it is rich in calcium @ 66 mg per 100 g. The okra pod is a fantastic source of iodine and capable of alleviating diseases such as goitre, heat ailment, etc., In certain nations, its ripe seeds are roasted, pulverised, and used as a substitute for coffee. In the paper industry, pods and stems with rough fibre of okra are employed (Moulana et al., 2020). India ranks as the top producer of okra globally, cultivating 5.49 lakh hectares and generating an annual yield of 71.58 lakh tons, resulting in a productivity rate of 13.04 t/ha, which represents 60% of the global share (FAOSTAT, 2025). The productivity of our nation is lower in comparison to other countries, primarily due to crop yield declines attributed to insect pests, diseases, and nematodes.
Among the various sucking insect pests of okra, the okra jassid, Amrasca bigutulla bigutulla Ishida, is particularly notorious for its detrimental impact on okra crops and remains active throughout the year, especially in conditions of high temperature and humidity (Sandhi and Sidhu, 2018 and Koshta, 2017). Chandio et al. (2017) stated that evening relative humidity favored leafhopper population development, while Chauhan et al. (2023) observed negative correlations between leafhoppers and temperature but positive correlations with morning relative humidity and rainfall. When A. biguttula nymphs and adults consume plant sap, they injure the crop through the development of phytotoxic symptoms called "hopper burn," which include yellowing, browning, bronzing, cupping, withering, necrosis, and premature leaf loss. This leads to stunted growth and a decline in fruit size, flavor, and quantity, which eventually results in a lower yield. In accordance to research, this pest can cause damage that reduces yield by as much as 50.0–63.4%. Furthermore, the plant height decreased by 49.8% and the leaf size decreased by 45.1% as a result of A. biguttula feeding (Ounis et al., 2024). Both the nymphs and adults inflict significant damage by feeding on the undersides of leaves and extracting sap from them. While feeding, the jassid also introduces a toxic substance into the leaf that causes severe damage, resulting in a burnt appearance. Affected leaves curl upward at the edges, become desiccated, and eventually fall off. They lay pear shaped, elongated and yellowish white eggs in the veins on the under surface of leaves (Jayasimha et al., 2012). The jassid infest okra right from the early seedling stage to last fruit harvest (Pawar and Patil, 2018). The 2022 crop year was particularly marked by severe infestations of a new species of  leafhopper Amrasca  biguttula on cotton,  with a yield drop of 10-50% compared to the previous  season  in  several  West  African countries (Jacques et al.,2024) 
Potassium salts of fatty acids are commonly called soap salts. They are used as insecticides, herbicides, fungicides, and algaecides. Insecticidal soaps are classified as biorational or “reduced risk” insecticides and are used in certain situations because they leave minimal residues, are less toxic to humans, and are short-lived in the environment because they degrade rapidly. Potassium salts of fatty acids have been used successfully to manage aphids, whiteflies, scales, and mealy bugs with very good efficacy (Dheeraj et al., 2013; Mohamad et al., 2013). Potassium salts of fatty acids are used as a last resort in organic systems when other cultural and biological strategies have proven ineffective (Lopez and Liburd, 2023). Potassium salts of fatty acids have a very selective toxicity depending on the insect species and developmental stage. Aphids, mealy bugs, and whiteflies are examples of soft-bodied insects that are more vulnerable to desiccation. Adult flying insects with more resilient exteriors, such ladybird beetles, are least impacted. However, insects that are still developing and unable to fly are more susceptible to the effects of this active component (NPIC, 2001).
2. Materials and Methods
[bookmark: _Hlk140144441]2.1. Mass culturing of Leafhopper/ Jassid (Amarasca biguttula biguttula I.)
The jassids were collected from farmers’ holdings at C. Muttlur village (Lat 11.44366⁰N and Long 79.70906⁰E) during the first week of July 2024 were reared on okra [Abelmoschus esculentus L. (Var: Arka anamika)] plants covered with the net cages in an isolated compartment of the screenhouse at the Department of Entomology, Faculty of Agriculture, Annamalai University (Subba et al., 2022).
2.2. On-plant bioassay
The on-plant bioassay was conducted to evaluate the efficacy of potassium salts of fatty acids 49% SL against A. biggutulla bigutulla in the Screenhouse (Lat 11.387658⁰N and Long 79.723503⁰E), Department of Entomology, Faculty of Agriculture. The method conducted by Sain et al, 2021 was carried out with slight modifications. Each treatment was sprayed using a hand-operated 1-L-capacity sprayer on 30-day-old okra plants and allowed to dry for 2 h. Circular designs were made using mylar thin film, and with the aid of a stapler pin, the upper side was covered with muslin material. The okra plants were enclosed by this mylar thin film cage. The experiment was conducted during the third week of July 2024. Ten jassids adults were released on potted plants and confined in Mylar cages to prevent the escape of jassids. Each treatment was replicated three times. Mortality of jassids were recorded at 24 hours interval for 7 days after treatment (Manivannan et al., 2018).
2.3. Statistical Analysis
Mortality data were corrected using Abbott’s formula (Abbott, 1925). Data were evaluated using analysis of variance (ANOVA) under a completely randomized design (CRD). The data were subjected to arc sine transformations before statistical analysis. The significant differences among means were determined by Duncan’s Multiple Range Test (DMRT) (Duncan, 1951; Gomez and Gomez, 1984). Statistical analyses were performed using CCARI-ICAR WASP 2.0. 
[bookmark: _Hlk193122002]Corrected mortality (%) = × 100
Where, Po is observed mortality in treatment and Pc is observed mortality in the control.
3. Results and discussion
One day after exposure to insecticides, maximum mortality (86.67%) was observed in Potassium Salts of Fatty Acids 49% SL @ 18.75 mL/L followed by Potassium Salts of Fatty Acids 49% SL @ 15 mL/L (83.33 %) and standard check-2 Imidacloprid 17.80 % SL @ 0.25 mL/L  (76.67 %). There was no mortality of A. bigutulla bigutulla observed in the control. At 2 DAT, maximum mortality (100.00%) was observed in Potassium Salts of Fatty Acids 49% SL @ 18.75 and 15 mL/L followed by Potassium Salts of Fatty Acids 49% SL @ 10 mL/Land standard check-2 Imidacloprid 17.80 % SL @ 0.25 mL/L (93.33 %). There was no mortality of A. bigutulla bigutulla observed in control. After 3 days of exposure, maximum mortality (100.00%) was observed in 4 treatmets viz., Potassium Salts of Fatty Acids 49% SL @ 15 and 18.75 mL/L,  standard check-1 Azadirachtin 05.00% w/w Min. Neem Extract Concentrates @ 0.5 mL/L and standard check-2 Imidacloprid 17.80 % SL @ 0.25 mL/L followed by Potassium Salts of Fatty Acids 49% SL @ 12.5 mL/L resulted in 96.66 per cent mortality and Potassium Salts of Fatty Acids 49% SL @ 10 mL/L (86.67 %) . There was 13.33% mortality of A. bigutulla bigutulla observed in the control (Table 1). 
The order of efficacy was Potassium salts of fatty acids 49% SL @ 18.75 mL/L > Potassium salts of fatty acids 49% SL @ 15 mL/L > standard check-2 Imidacloprid 17.80 % SL @ 0.25 mL/L > Potassium salts of fatty acids 49% SL @ 12.5 mL/L > standard check-1 Azadirachtin 05.00% w/w Min. Neem Extract Concentrates @ 0.5 mL/L > Potassium Salts of Fatty Acids 49% SL @ 10 mL/L (Table 1).
Our findings support those of  Forte et al. (2018), who reported that Flipper (potassium salts of fatty acids) is more effective when applied once, particularly on grapevine leafhopper Scaphoideus titanus, which is a vector of flavescence doree in vineyard neanids (L2). However, two treatments produced the same positive effects on nymphs (L4). Over the course of seven days, Halyomorpha halys (Stal) (Hemiptera: Pentatomidae) died at a much faster rate when exposed to potassium salts of fatty acids (Lee et al., 2014). Potassium salts were suggested by Trdan et al. (2006) as a reduced-toxicity pesticide for cabbage stink bugs (Eurydema spp.). According to Abenaim et al. (2025), immatures of Philaenus spumarius (Hemiptera: Aphrophoridae) were successfully handled with potassium salts of fatty acids at a concentration of 7 mL/L. When sprayed directly onto psyllids at a concentration of 2% v/v in water, the Safer soap, which contains roughly 50% potassium salts of fatty acids, was found to be fatal to both nymphs and adults (Hall and Richard, 2012). Perez-Cacho et al. (2021) found that potassium soap, also known as potassium salts of fatty acids (Impide), had a modest control of leafhoppers, which is contradictory to our findings. Both field and semi-field trials showed reduced efficacy values and no significant reduction in nymph and adult populations with potassium salts of fatty acids (20.3% in that sample on basal leaves and 37.6% in that sampling on suckers) (Prazaru et al., 2023).
4. Conclusion
	The study demonstrated that Potassium Salts of Fatty Acids 49% SL was highly effective against A. bigutulla bigutulla, with the highest mortality observed at concentrations of 15 and 18.75 mL/L. These treatments achieved 100% mortality within two days of application, indicating rapid and strong insecticidal activity. The standard insecticides, Imidacloprid 17.8% SL and Azadirachtin 5% (Neem Extract), also showed high efficacy, achieving complete mortality by the third day. In contrast, no or negligible mortality was observed in the untreated control. Overall, Potassium Salts of Fatty Acids 49% SL, particularly at higher concentrations, proved to be a promising eco-friendly alternative for effective management of A. bigutulla bigutulla.
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[bookmark: _Hlk193121173]Table 1. Onplant bioassay of Potassium Salts of Fatty Acids 49% SL against 
Amrasca bigutulla bigutulla

	Tr.
No.
	Treatments
	Dose
(mL/l)
	*Mortality (%)
	Mean

	
	
	
	PTC
	1 DAT
	2 DAT
	3 DAT
	4 DAT
	5 DAT
	6 DAT
	7DAT
	

	T1
	Potassium Salts of Fatty Acids 49% SL
	10
	10.00
	56.67
(48.85)e
	83.33
(66.15)c
	86.67
(68.85)b
	86.67
(68.85)b
	86.67
(68.85)b
	86.67
(68.85)b
	86.67
(68.85)b
	81.90

	T2
	Potassium Salts of Fatty Acids 49% SL
	12.5
	10.00
	70.00
(56.78)cd
	93.33
(68.85)b
	96.67
(83.66)a
	96.67
(83.66)a
	96.67
(83.66)a
	96.67
(83.66)a
	96.67
(83.66)a
	92.38

	T3
	Potassium Salts of Fatty Acids 49% SL
	15
	10.00
	83.33
(66.15)ab
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	97.62

	T4
	Potassium Salts of Fatty Acids 49% SL
	18.75
	10.00
	86.67
(68.85)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	98.10

	T5
	Azadirachtin 05.00% w/w
	0.5
	10.00
	63.33
(52.77)de
	80.00
(63.44)c
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	91.90

	T6
	Imidacloprid 17.80 % SL
	0.25
	10.00
	76.67
(61.22)bc
	93.33
(77.62)b
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	100.00
(89.72)a
	95.71

	T7
	Control (Water)
	-
	10.00
	0.00
(0.28)f
	0.00
(0.28)e
	13.33
(21.15)c
	13.33
(21.15)c
	13.33
(21.15)c
	13.33
(21.15)c
	13.33
(21.15)c
	9.52

	SE(d)
	-
	-
	3.10
	5.14
	4.12
	4.12
	4.12
	4.12
	4.12
	-

	CD (p=0.05)
	-
	-
	5.99
	10.28
	8.22
	8.22
	8.22
	8.22
	8.22
	-



HAT: Hours After Treatment; PTC: Pre Treatment Count; *Mean of four replications;
Values in parenthesis are arc sine transformed values;
In a column means followed by the same letter(s) are not significantly different (p=0.05) by DMRT.; Rankings are plotted in descending order.


