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Efficacy of seed treatment and seedling root dip with insecticides against rice leaf folder (Cnaphalocrocis medinalis Guenee)



ABSTRACT
Rice leaf folder, (Cnaphalocrocis medinalis) is a major insect pest of rice in India inflicting extensive yield losses. The present study was undertaken to study the efficacy of seed treatment and seedling root dip treatment with newer insecticides to find scalable and practical methods for its management. A field experiment was conducted at ICAR-Indian Institute of Rice Research, Hyderabad during the Kharif season of the year 2024-25 in a Randomized Complete Block Design with 13 treatments. Data on the per cent damaged leaves by leaf folder per hill were recorded at 30 days after transplanting and were subjected to two-way ANOVA. Means were separated by LSD at 5 per cent level of significance. The results revealed that seed treatment with thiamethoxam was the most effective with significantly lower damaged leaves (10.94%) followed by seedling root dip with carbosulfan (12.1%) as compared to the untreated control (20.78%). These results demonstrate the outstanding efficacy of the seed treatment with thiamethoxam and seedling root dip with carbosulfan that are of immediate practical importance to the growers and hold potential of lessening the number of insecticide foliar sprays required at subsequent growth phases of rice crop leading to lower insecticide load in the rice crop ecosystem. 
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1. INTRODUCTION         
 Rice (Oryza sativa) is one of the most important cereal crops in the world and extensively cultivated in the diverse ecosystems of tropical and subtropical regions of the world. Rice serves as the staple food for over two-third of the Indian population, making up 40% of the total food grain production. In India, rice is cultivated in 47.58 million hectares, yielding 136.70 million tonnes at a productivity rate of 2873 kg per hectare (Ministry of Agriculture and Farmers Welfare, 2024). However, rice cultivation faces significant challenges from insect pest damage and more than a hundred species of insect pests were reported in rice (Kalode, 2005). The overall loss due to insect damage in rice was estimated to be 25 per cent (Dhaliwal et al., 2010). Rice leaf folder, Cnaphalocrocis medinalis Guenee (Lepidoptera: Crambidae) is an important leaf feeding insect in India and many rice growing countries in Asia. Its larva folds the leaf blade vertically and stitches the edges by means of silken threads. The growing larva inhabits in the leaf fold feeding by scraping the green mesophyll tissue that results in appearance of white membranous patches (Padmavathi et al., 2017). Due to large scale cultivation of high yielding cultivars and excess application of nitrogenous fertilizers leaf folder incidence in India is on the increasing trend and causing extensive damage (Rani et al., 2020; Sailaja et al., 2020; Sachin et al., 2023). 
Among the different methods of insecticide delivery, seed treatment provides the advantages of lower amount of the insecticide per unit area, reduced costs and reduced risk in handling by the farmers (Vojvodic´ and Bažok, 2021). Seed treatment is reported to provide protection from yellow stem borer, leaf folder, planthoppers and water weevils in rice (Lanka et al., 2017; Sanghamitra et al., 2017; Annamalai et al., 2018; Rani et al., 2020; Han et al., 2022; Zang et al., 2021; Patil et al., 2023; Singh et al, 2023), shoot fly in sorghum (Saxena et al., 2023), oriental army worm and fall army worm in maize (Li et al., 2022; Pes et al., 2020), sucking pests in cotton (Saeed et al., 2016). Besides insecticidal effects, seed treatment with insecticides also known to have stimulatory influences on plant germination, growth and defence to insect pests by interfering with metabolic enzyme pathways (Hanley & Whiting, 2005; Macedo and Castro, 2011). In India, control of nursery and early season insect pests in rice is by application of granular insecticides such as carbofuran, chlorantraniliprole, cartap hydrochloride and fipronil. Whereas, at reproductive stage, foliar spraying of chlorantraniliprole, cartap hydrochloride, fipronil, acephate, dinotefuran, pymetrozine and triflumezopyrim is in vogue. Seed treatment despite being simple, effective and low-cost technology for the control of insect pests, is seldom adopted in rice. However, information on the comparative efficacy of seed treatment insecticides in rice against the important insect pests of rice, particularly against the leaf folder is scanty. Hence, the present work was undertaken to evaluate comparative performance of seed treatment and seedling root dip treatment with novel insecticides in rice for the management of leaf folder. 

2. MATERIAL AND METHODS
A Field experimental was conducted in the Kharif season of the year 2024 at the Research Farm of ICAR-Indian Institute of Rice Research, Rajendranagar, Hyderabad in a randomized complete block design with 13 treatments (Table 1) and three replications, each measuring 30 m2 area. The cultivar was TN-1, which is known to be susceptible to many of the insect pests of rice. All the package of practices were adopted in raising the crop. In case of plant protection chemicals other than seed treatment and seedling root dip treatment, no other chemicals were applied. For seed treatment the required quantity of seed was soaked overnight in water. Next day excess water was drained out and the soaked seed were transferred to a polythene bag and required quantity of insecticide was added to the soaked seeds inside the bag. A uniform coating of insecticides on the seeds was made by shaking the polythene bag vigorously. Seeds coated with the insecticide were shade dried for one hour. For powder formulations, a thick slurry of insecticide is prepared by adding small amount of water and mixed with the seeds. Treated seeds were kept in a cloth bag, tied tightly and incubated for germination for two days. The sprouted seeds were broadcasted uniformly in the prepared nursery beds.
For seedling root dip insecticide solutions of the desired quantity and strength were prepared. The seedlings were pulled from the nursery bed in the evening before transplantation (30 days after germination) and tied into bundles. The entire root system was immersed in the insecticide solution overnight and transplanted in the main field next day. Observations were taken in main field at 30 days after transplanting (DAT) on the number of leaves damaged by leaf folder per hill and the total number of leaves per hill. The leaf folder damage was expressed in terms of the per cent damaged leaves as given below.  

     Per cent damaged leaves = *100
Table 1: Details of seed treatment and seedling root dip treatment
	Treatment Details
	Dosage

	T1: Seed dressing with Carbosulfan 25% DS (Carbamate IRAC 1A)
Trade Name: Advantage, FMC India 
	60g/kg seed

	T2: Seed dressing with Chlorantraniliprole 50% FS (Diamide IRAC 28)
Trade Name:Lumivia, Corteva Agriscience
	6ml/kg seed

	T3: Seed dressing with Thiamethoxam 70% WS (Neonicotinoid IRAC 4A)
Trade Name: Cruiser, Syngenta
	7.5g/kg seed

	T4: Seed dressing with Imidacloprid 48% FS (Neonicotinoid IRAC 4A)
Trade Name: Gaucho, Bayer India
	2.5ml/kg seed

	T5: Seed dressing with Triflumezopyrim 10% SC (Mesoionic group IRAC 4E) 
Trade Name: Pexalon, Corteva Agriscience
	11.8ml/kg seed

	T6: Seedling root dip with Carbosulfan 25% DS (Carbamate IRAC 1A)
	60g/kg seed

	T7: Seedling root dip with Chlorantraniliprole 50% FS (Diamide IRAC 28)
	6ml/kg seed

	T8: Seedling root dip with Thiamethoxam 70% WS (Neonicotinoid IRAC 4A) 
	7.5g/kg seed

	T9: Seedling root dip with Imidacloprid 48% FS (Neonicotinoid IRAC 4A)
	2.5ml/kg seed

	T10: Seedling root dip with Triflumezopyrim 10% SC (Mesoionic group IRAC 4E) 
	11.8ml/kg seed

	T11: Seedling root dip with Chloropyiphos 20% EC (Organophosphates IRAC1B). Leathal, Insecticide India Limited
	11.25ml/kg seed

	T12:  Seedling root dip with KRB+ Azospirullum+ PSB+ZMB (Consortium) 
PJTAU Product
	20g/kg seed

	T13: Untreated control 
	Nil



3. RESULTS AND DISCUSSION
[bookmark: _Hlk201752803]Efficacy of the treatments against the leaf folder damage was expressed in terms of the percent leaves damaged per hill, which ranged from 10.94% to 20.78% and the treatment effects were significant. The treatment T3 (seed treatment with thiamethoxam 70 WS) was the most effective treatment with significantly lower damaged leaves (10.94%), which was followed by T6 (seedling root dip with carbosulfan 25% DS) (12.11%) as compared to T13 untreated control (20.78%) and T12 (seed treatment with microbial consortium) (18.66%), but were at par with the rest of treatments (Table 2) In terms of per cent reduction over the untreated control, the reduction in the best treatment T3 was 47.4% followed by 41.7% in T6 (Fig.1).
Table 2: Field efficacy of insecticide seed treatment and seedling root dip treatment in rice against leaf folder 
	Treatment
	% Damaged leaves

	Seed treatment 
	T1
	Carbosulfan 25% DS
	13.69bc
(7.87)

	
	T2
	Chlorantraniliprole 50% FS
	15.95abc
(9.18)

	
	T3
	Thiamethoxam 70% WS
	10.94c
(6.28)

	
	T4
	Imidacloprid 48% FS
	13.40bc
(7.70)

	
	T5
	Triflumezopyrim 10% SC
	14.43bc
(8.30)

	Seedling root dip treatment 
	T6
	Carbosulfan 25%DS
	12.1c
(6.95)

	
	T7
	Chlorantraniliprole 50%FS
	16.01abc
(9.21)

	
	T8
	Thiamethoxam 70% WS
	13.38bc
(7.68)

	
	T9
	Imidacloprid 48% FS
	14.44bc
(8.30)

	
	T10
	Triflumezopyrim10% SC
	15.12abc
(8.69)

	
	T11
	Chloropyiphos 20%EC
	14.84abc
(8.53)

	
	T12
	KRB+Azospirullum+ PSB+ZMB (Consortium)
	18.66ab
(8.53)

	Untreated control
	T13
	Untreated control
	20.78a
(12.03)

	LSD
	6.0579


Figures in the parenthesis are arc sine transformed values. Means followed by same alphabet are significantly not different (P=0.05). LSD (SAS version 9.3). 

Fig.1 Per cent reduction in leaf folder damage due to insecticide seed treatment and seedling root dip treatment over the untreated control
Rice crop at early growth stages is highly vulnerable to the onslaught of several insect pests. The problem exacerbates under large scale intensive cultivation of high yielding cultivars that do not possess desired host plant resistance to major insect pests. Such conditions necessitates to provide an umbrella of protection by use of insecticides at least at the early growth phases to ensure crop establishment for an optimum crop stand. For this insecticide seed treatment and seedling root dip could be a convenient and practical method and evaluating comparative performance of novel seed treatment and seedling root dip insecticides makes it highly relevant.  Seed treatment with neonicotinoids is widely used in several agricultural crops. In rice seed treatment with thiamethoxam was found to be effective against the early season pests such as thrips (Tang et al., 2017) and rice water weevil (Lanka et al., 2017).  Thiamethoxam seed treatment had no negative effects on the percentage of seedling emergence, establishment and key seedling characteristics including plant height, root length and fresh aboveground and underground weight. In addition to their effects on pests, neonicotinoid seed treatment may benefit crop plants directly by increasing plant growth or altering plant responses to stresses. Effectiveness of thiamethoxam as seed treatment was also demonstrated against sorghum shoot fly (Kumar and Tiwana, 2018; Saxena et al., 2023). Anthranilic diamides also were reported to be effective as seed treatment insecticides against the early season pests in various crops. Chlorantraniliprole 625g/L FS was effective against the leaf folder with no phytotoxicity on rice crop and no adverse effects on natural enemies (Rani et al., 2020; Han et al., 2022; Patil et al., 2023).  Seed treatment with another diamide insecticide, tetraniliprole 480 FS was effective against the yellow stem borer and leaf folder in rice without any adverse effects on the spiders (Singh et al., 2023). In maize, chlorantraniliprole and cyantraniliprole applied via seed treatment showed translocation of insecticides into leaves. However, the translocation of chlorantraniliprole and cyantraniliprole from sprayed leaves to new leaves was not observed. The absorption and redistribution capacity of chlorantraniliprole and cyantraniliprole throughout the plant confer a prolonged residual action with satisfactory control of Spodoptera frugiperda (Pes et al., 2020). In soybean, chlorantraniliprole and cyantraniliprole, significantly lowered survivorship of Spodoptera frugiperda (Thrash et al 2013). Carbosulfan, a systemic insecticide and nematicide, is extensively used in the prevention and control of soil and foliar pests.  It is mostly applied as a seed treatment and can be absorbed by plants. Carbosulfan is metabolized to carbofuran by hydrolysis, which is hydroxylated and oxidized to form 3-hydroxycarbofuran and 3-ketocarbofuran, respectively. These metabolites are more toxic than their parent compound (Shi et al., 2022). Carbosulfan could be absorbed and translocated upward to stems and leaves following its application as a seed coating (Yan et al., 2021) and its residual effects are quite prolonged as much as 45 days after application (Meher et al., 2010) as was reported in chickpea and tomato. In addition, carbosulfan delivered as root dip treatment followed by foliar sprays in onion was effective in reducing thrips damage and led to the highest marketable yield (Srinivas and Lawande, 2017).
Effects Insecticide seed treatment go beyond the insect mortality and are a product of  interaction between its positive and bioactive effects on the host plant and negative effects on the insect fitness, survivorship and behaviour.  There is a good amount of evidence that insecticide seed treatment promotes seedling establishment and vigour, induce plant secondary metabolic defence compounds and alter emission of volatile organic compounds. Seed treatment with thiamethoxam+labda cyhalothrin in hybrid rice increased seed germination and vigour (Almeida et al., 2015), seed germination and root and shoot biomass (Annamalai et al., 2018).  In spring wheat, thiamethoxam seed treatment increased root development, increased the concentration of total soluble protein, reduced the nitrate reductase activity and increased the phenylalanine ammonia-lyase activity (Macedo and Castro, 2011). In rice triflumezopyrim seed treatment lead to increased oxalic acid, flavonoids, total phenol, callose contents, and elevated C/N ratio in rice plants at 60 and 90 days after sowing (DAS). It prolonged the non-probing period and inhibits phloem sap ingestion at 90 DAS. Furthermore, the mechanically transplanted rice treated with TFM provides long-term prevention against the BPH infestation. The insecticide linearly increased the ear dry weight and the number of fertile tillers, which resulted in gains in harvest indices (Xi et al., 2022). Wheat grain aphid, Sitobion miscanthi showed a greater repellent response to the volatiles emitted by plants from seed treated with thiamethoxam compared to those emitted by uncoated plants (Sun et al., 2024). Whereas, insecticide seed treatment could affect adversely on the fitness of the insects. Fall army worm larvae fed on the maize seedlings from Chlorantraniliprole, cyantraniliprole, or thiodicarb + imidacloprid treated seed underwent sub-lethal effects on the growth and development resulting in reduced fitness (Oliveira et al, 2022). Similar reduction was noticed in the fitness of the Helicoverpa armigera in soybean seed treatment with chlorantraniliprole or cyantraniliprole (Jerez et al., 2023). 
The outstanding efficacy of rice seed treatment with thiamethoxam and seedling root dip with carbosulfan against rice leaf folder that is demonstrated in this experiment can be adopted as cost-effective and non-labour intensive tactics for its management. Our findings are scalable and hold potential of reducing the number of foliar sprays required at subsequent pre-reproductive and reproductive growth phases of rice crop thereby minimising insecticide load in the rice crop ecosystem. 

4. CONCLUSION
Among tested insecticides for seed treatment and seedling root dip in rice for leaf folder management in rice, seed treatment with thiamethoxam 70 WS@7.5g/kg seed with 47.4% per cent reduction in leaf folder damage was most effective followed by seedling root dip with carbosulfan 25 DS@60g/kg seed with 41.7% reduction. Thus, seed treatment in rice could be a key element in integrated management of early stage pests of rice and could be useful in reducing the number of foliar applications required for management of internal feeding and defoliating insect pests.
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