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Effect of plant powders and oils as ITK approaches against pulse beetle Callosobruchuschinensis (L.) in stored soybean seeds	Comment by hp: The title is appropriate, clear and does not need modification.



ABSTRACT
Aim:To determine the effect of plant powders and oils as ITK approaches against pulse beetle, Callosobruchuschinensis(L.)under laboratory conditions.
Study design: The experiment was conducted by using Completely Randomized Design (CRD) 	Comment by hp: ok
Place and Duration of Study: The study was carried out in Department of Entomology, College of Agriculture, Central Agricultural University, Imphal, Manipur during 2024-25. 
Methodology: Six treatments viz.neem oil, mustard oil, ginger powder, amla fruit powder, wild sage (Lantana camara) powder, wood bark ash was used as seed protectants. Fenvalerate 0.4% DP was used as chemical check insecticide. Stored soybean seeds var. JS 335 that were treated with the various seed protectants were assessed after 90 days of storage under ambient conditions. The experiment was conducted by using CRD and significant differences were observed across treatments in terms of seed weight loss, damage, and germination loss. 	Comment by hp: ok
Results: Lantana camara powder (5 g/kg) was the most effective seed treatment with 2.56% weight loss, 12.97% seed damage and 11.67% germination loss, followed by ginger rhizome powder with 2.56% weight loss, 12.97% seed damage and 11.67% germination loss. Neem oil and mustard oil, though moderately effective against C. chinensis, caused relatively higher germination loss due to seed coat oil film interference.The application of plant powders and oils particularly Lantana camara powder and ginger rhizome powder significantly reduced insect damage and preserved seed quality. 	Comment by hp: The results are good.
Conclusion: The results suggest that Lantana camara powder and ginger powder can serve as cost-effective, eco-friendly alternatives to synthetic chemicals for managing Callosobruchuschinensis in stored soybean seeds. The investigation reaffirms that traditional and indigenous pest management practices can be highly effective. 	Comment by hp: ok
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1. INTRODUCTION	Comment by hp: The introduction needs a more recent source.
	Soybean crop is considered to be the main source of oil and is commercially an important oilseed crop (Singh et al., 2019).  Oils in soybean is polyunsaturated containing important omega -6 and omega – 3 fatty acids. Soybean also provides a rich source of supplementary protein of daily diets of vegetarian population. As a part of a balanced diet, this may be good for the heart and helps lower chances of diseases. Seed quality is a crucial factor in the commercialization and production of the seed and it can impact the end product and its value (Kandilet al., 2019). In storage, soybean seeds suffer enormous losses due to insect infestation affecting the quality,in addition to seed yield. Furthermore, the soybean grain quality rapidly deteriorates due to these storage insects and the viability of germination is lost (Ulemuet al. 2016). It becomes essential to protect the seed from insect pests during storage. Among stored grain insect pests, bruchid species viz., Callosobruchuschinensis, Callosobruchusmaculatus, Callosobruchusannalis, Acanthoscelidesobtectus and Zabrotessubfasciatus are the most damaging to storage pulses, particularly in tropical and sub-tropical regions (Anonymous, 2003). Callosobruchuschinensis (L.) (Bruchidae: Coleoptera) is an economically significant insect pest, cosmopolitan in distribution and a serious interior feeder of seeds in many legume species due to their generalized legume diets, known to be prolific and rapid in breeding and can swiftly cause a significant quantitative drop as well as diminish the nutritional value of stored grains. The increasing public awareness of the environmental contamination by toxic chemical residues and public perception about the use of eco-friendly methods in agricultural and public health care programme have necessitated the research and development of non-chemical approaches. Traditional methods and practices are more humane in nature, hence blending of traditional and scientific technologies (ITK practices) are needed to come up with more environmental and eco-friendly methods of grain storage.   
2. MATERIALS AND METHODS
2.1 Rearing and Maintenance of Culture	Comment by hp: good
		A laboratory experiment was conducted at the laboratory, Department of Entomology, College of Agriculture, Central Agricultural University, Imphal, Manipur during 2024-2025 for the evaluation the effect of various powders and oils in stored soybean seeds caused by pulse beetle. The initial adult culture of the test insect, pulse beetle Callosobruchuschinensis(L.) was started by collecting the adult beetles from infested soybean seeds from untreated godowns. The ideal temperature and relative humidity for maintaining the culture was 32°C±20°C and 70±5%, respectively (Andrewartha, 1961). 	Comment by hp: Has the insect been scientifically classified in museums?	Comment by hp: You need a new source.
	500 g of insect susceptible soybean seeds var JS 335 was cleaned, washed, dried and then sterilized at temperature of 30ºC for 30 minutes to eliminate the hidden infestation, if any. The seeds were removed from the oven and placed in a glass jar (25 cm x 15 cm x 10 cm) with a muslin cloth over it for 24 hours to allow it to regain normal grain moisture without additional infestation. 5 pairs of male and female adults were released for oviposition in the glass jar containing the sample soybean seeds. The jar was covered with muslin fabric and tightly fastened with rubber bands to prevent the adults from escaping. The stock culture was maintained undisturbed at room temperature for mating and oviposition of the beetles and then newly emerged F1 progenies of the beetles were used throughout the period of experimental study. In order to get a continuous fresh supply of adults of Callosobruchuschinensis for experimentation, culture was maintained at regular time intervals using the above rearing technique.	Comment by hp: Add source
2.2 Methodology	Comment by hp: good
Locally collected plant parts of 4 indigenous plants viz., ginger powder, amla fruit powder, wild sage (Lantana camara), wood bark ash were used for preparation of powder. Plant parts were shade dried for one week and processed into fine powder using a grinder and passing through a 30-mesh sieve. 100g of each of the plant powders was separately mixed with 250 ml acetone and stirred for 30 minute using stirrer and then left to stand for a week. The mixture was filtered through whatman grade 1 filter paper. The filtrates were left to be completely evaporated and the final crude extract from the plant weighed, and preserved in sealed bottles in a refrigerator until required for study (Talukder and Howse, 1993). 	Comment by hp: You need a new source.
		The two oils viz. neem oil and mustard oil used in the study were procured from the local market. The plants powders @ 5g/kg seed and plant oils @ 5ml/kg were smeared on the seeds of insect susceptible soybean genotype JS 335 thoroughly with required quantity of seed in separate jars by manual operation, sub sampled in three replications of 50g of seed each. In each jar, 2 pairs of pulse beetle adults of same age from the pure culture raised in laboratory were released containing 
the seeds of different treatments and kept under room conditions. The mouth of jar was covered with muslin cloth and tied with rubber band to prevent entry and exit of any insect. After 90 days, jar was opened and seeds of each jar were Observed for quantitative losses by removing all dust, insects and their stages. 
		The experiment was conducted in the laboratory by using Completely Randomized Design (CRD). The data were analyzed with the help of the Analysis of Variance (two-way classification). The data of the experiment was transformed (whenever necessary) by using suitable transformation value in order to make the analysis of variance valid and feasible.	Comment by hp: Good analysis
Table 1 Grain seed protectants used are tabulated under:	Comment by hp: The table is good and understandable.
	SL.
NO.
	TREATMENT
	SCIENTIFIC
NAME

	PLANT PART TO BE USED

	DOSE

	T1
	Neem oil 
	Azadirachtaindica
	-
	5 ml/kg seed

	T2
	Mustard oil
	Brassica juncea
	-
	5 ml/kg seed

	T3
	Ginger powder
	Zingiberofficinale
	Rhizome
	5 g/kg seed

	T4
	Amla fruit
Powder
	Phyllanthusemblica
	Fruit
	5 g/kg seed

	T5
	Wild sage powder
	Lantana camara
	Leaves
	5 g/kg seed

	T6
	Wood bark ash
	           -
	wood bark of neem and citrus tree (1:1)
	5 g/kg seed

	T7
	Fenvelarate 0.4% DP (Chemical check)
	           -
	           -
	2 g/kg seed

	T8
	Control (untreated)
	           -
	           -
	          -



2.3 Weight loss of seeds due to infestation by pulse beetle Callosobruchuschinensis(L.)	Comment by hp: Add source
		For working out the weight loss of seeds after 90 days of infestation by pulse beetle, the beetles, frass, excreta etc. were removed from each jar and the weight of seeds was taken separately on electronic balance from each replicate. Seed weight loss was calculated from weight of damaged and undamaged seeds after 90 days of release of the beetles. Percent weight loss was calculated by using following formula given by Boxall (1981) as follows:	Comment by hp: You need a new source.
 % weight loss = 
2.4Seed damage due to infestation by pulse beetle Callosobruchuschinensis(L.)
		The damaged seeds were separated out from the total number of seeds taken for observation in each replication. One or more holes per seed was considered as damaged ones. The following formula was used for determination of per cent seed damage as described by Mohan and Sundarbabu (1999).	Comment by hp: You need a new source.
Percent seed damage = Number of damaged seeds / Total numbers of seeds × 100
2.5Germination loss due to infestation by pulse beetle Callosobruchuschinensis(L.)
		The viability of seeds of the different treatment was tested after 90 days of storage. From each of the treatment, 20 seeds were taken out randomly and placed in petridish at proper distance lined with round filter paper disc wetted with water, covered by second one and folded properly and tied with rubber band. These petridishes were kept at room temperature for six days to allow sufficient time for all the seeds to germinate. Watering of seeds was done regularly to prevent drying. Each set was replicated three times. Germination success was observed 6 days later. The number of unsprouted seeds was counted and percent germination loss was calculated with the help of following formula modified after ISTA (1996): 	Comment by hp: Need a new source
% Germination loss =
3. RESULTS AND DISCUSSION
3.1 Effect of plant powdersand oils on weight loss of soybean seeds due to pulse beetleC. chinensis	Comment by hp: It was better to study
    1. Study the necrotic and repellent effects of raw and nano-extracts of castor bean plant on the southern cowpea beetle, P. cerevisiae.
2. Effect of raw and nano-extracts of castor bean plant on some biological characteristics of the southern cowpea beetle.
a) Average number of eggs laid by females.
b) Average number of insects emerging from seeds.
c) Percentage reduction in first-generation individuals.
d) Reproduction rate of the insect.
4. Effect of raw and nano-extracts of castor bean plant on:
a) Percentage loss in seed weight.
b) Percentage of seed germination.
		The percent weight loss observed in different treatments after 90 days of release of pulse beetle showed significant difference which varied between 2.56 to 15.29 percent. The maximumlossoccurred incontroltreatmentobserved with 15.29% weight loss of seedsand lower per cent weight loss was observed with treatmentLantana camara powder recording weight loss of 2.56%.	
		The chemical check, Fenvalerate 0.4% DP @ 2g/kg seed was however the best treatment managing the infestation of C. chinensis giving only 1.13% weight loss after 90 days of treatment but statistically at par with Lantana camara treatment. Maximum weight loss of seeds was witnessed with treatment neem oil @5ml/kg seed (6.63%), wood bark ash @ 5g/kg seed (5.53%), followed by amla fruit powder @5g/kg seed (5.02%) and mustard oil @5ml/kg seed (4.33%), which showed no significant difference among them statistically.  Present results are inclose agreement with the findings of Tripathyet al., (2001)who reported that among plant powders and oils tested Lantana camarawas found promising in protecting black gram seeds without effecting the germinability of seeds. The present investigation is also in partial conformity as that reported by Kalitaet al., (2002)who reported that wood ash of different parts of neemand citrus is effective in controlling pulse bruchids. In the presence study, plant powders were more effective than the oil against pulse beetle contradicting the previous finding of Alice et al., (2007)and Singh et al., (2006) who reported superiority of neem oil and mustard oil in lowering the infestation of Callosobruchuschinensis in black gram and pea. Present result with regards to mustard oil recording 4.33% weight loss of soybean seeds is similar to the finding of Meenaet al., (2016) that recorded mean weight loss of 5.56% with mustard oil @ 4ml/kg seeds.
Table 2 Effect of plant powders and oils against Callosobruchuschinensis through quantitative test of soybean seed
	Treatment
	Oils and Plant powders
	% Weight loss after 90 days of storage **
	% Seed damage after 90 days of storage**
	%Germination loss after 90 days of storage**

	T1
	Neem Oil @5ml/Kg
	6.63 (14.54) d
	30.69 (34.46) ef
	25.00 (29.93) cd

	T2
	Mustard Oil @5ml/Kg
	4.33 (12.03) c
	23.69 (28.41) d
	18.33 (25.00) bc

	T3
	Ginger Powder @5g/Kg
	2.73 (9.52) b
	17.66 (25.04) c
	12.33 (20.51) ab

	T4
	Amla Fruit Powder @5g/Kg
	5.02 (12.84) cd
	31.44 (32.43) e
	28.33 (32.14) d

	T5
	Lantana camara @5g/Kg
	2.56 (9.06) b
	12.97 (20.80) b
	11.67 (19.89) ab

	T6
	Wood Bark @5g/Kg
	5.53 (13.79) cd
	31.11 (35.26) f
	30.00 (33.21) d

	T7
	Fenvalerate 0.4% Dp @2g/Kg
	1.13 (6.56) a
	6.75 (15.78) a
	6.67 (14.76) a

	T8
	Control
	15.29 (23.67) e
	66.49 (55.66) g
	58.33 (49.83) e

	
	SEm
	0.68
	0.98
	2.68

	
	CD at 5%
	2.03
	2.93
	8.03



** Figures in parentheses are angular transformed

3.2 Effect of plant powders and oils on seed damage of soybean seeds due to pulse beetleC. chinensis
		The percent seed damage in different treatments after 90 days release of bruchids showed difference in their damage which varied from6.75%to 66.49%.All the plant powders and oil were significantly superior over control. Treatment with Lantana camara was found best effective treatment having 12.97% seed damage among the treatments excluding chemical check. Treatment with ginger powder @5g/kg seed was the second-best effective treatment recording 17.66% seed damage. Between the two oils evaluated, mustard oil with 23.69 % seed damage was superior to neem oil which recorded 30.69% seed damage after 90 days of storage of soybean seeds. Treatment of seeds with amla fruit powder, neem oil and wood bark ash were inferior to the other treatments in managingC. chinensis. The order of effectiveness of treatments on seed damage in asscending order isFenvalerate0.4% DP (6.75%)<Lantana camarapowder (12.97%)< ginger powder (17.66%) < mustard oil (23.69%)<neem oil (30.69%) < wood bark ash (31.11%) <amla fruit powder (31.44%)< control treatment (66.49%). The present investigation confirms the superiority of chemical insecticide over botanical formulations.The results are in close agreement with the findings of Tripathyet al., (2001) and Biswas and Biswas (2005)who reported that Lantana camaraagainst Callosobruchuschinensisproved effective in protecting black gram and gram seeds. In the present study neem oil was less effective among the treatment observed with seed damage of 30.69% due to pulse beetle. This is contrary to the findings of Bhadauria and Jakhmola, (2001) who observed no grain damage in cowpea seeds treated with neem oil. Similarly,Singhet al., (1994) also reported that there was no damage in gram seeds treated with mustard oil contrary to the present findings that treatment with mustard oil on soybean seeds recorded 23.69% seed damage. In the present study neem oil was better than wood bark ash even though both treatments are less effective to Callosobruchuschinensison stored seeds which is similar to the findings of Alice et al., (2007) who reported neem oil to be better than wood ash against Callosobruchuschinensison black gram.
3.3 Effect of plant powders and oils on germination loss of soybean seeds due to pulse beetle C. chinensis
		The changes in soybean seed quality in terms of germination percentage were evaluated after 90 days of treatment with plant powders and oils as seed protectants. The data revealed that percent germination loss of soybean seeds in various treatments ranged from 11.67- 30.00% as against 58.33% in control. Maximum germination was recorded with chemical treatment Fenvalerate0.4% DP observing only 6.67% germination loss after 90 days of infestation by C. chinensis. This treatmenthowever is statistically at par with treatment Lantana camara powder (5g/kg) and ginger powder (5g/kg)which proved that botanical extracts do not affect viability of seeds.Tripathyet al.,(2001) also reported that germination of black gram seed treated withLantanacamarapowder as seed protectant against C. Chinensisdid notaffect the germinability of seeds. Percent germination loss recorded in all the treatments may be represented in ascending order of superiority starting from least germination loss asFenvalerate 0.4% DP (6.67%) <Lantana camarapowder(11.67%)< ginger powder (12.33%)< mustard oil (18.33%)<neem oil (25.00%) <amla fruit powder (28.33%) < wood bark ash (30.00%)< control (58.33%). Mustard oil being tested as seed protectant was inferior statistically to Lantana camara powder and ginger powder with respect to their effect on seed germination of soybean. As confirmed by Beweley and Black (1994), germination of seeds is regulated by balance of internal and external factors required for nutrient exchange. Oils formed a film on seed coat acting as a physical barrier preventing gas and water exchange required for germination (Njokuet al.,2009). These statements confirmed the result of the present study that treatment with oils do cause germination loss in soybean seeds.Contradictory report by Singh and Yadav (2003) indicated that there was no adverse effect on germinability of green gram seeds after treatment with neem oil and mustard oil. It can be concluded that soybean seeds may be stored by treating with powder of Lantana camara @ 5g/kg or ginger rhizome 5g/kg which offer better protection up to 90 days of storage. These treatments do not affect germination of treated soybean seeds. 
		It is therefore indicated that plant powders and oil used as seed protectant on soybean seeds are not only effective against pulse beetle but also do not affectseed germination. 
4.CONCLUSION
[bookmark: _GoBack]		Fenvalerate 0.4% DP though gave best results in terms of minimum weight loss, seed damage and germination loss of soybean seeds and great potency against storage insect pests, their use has been restricted as it is known to leave residue harmful to human health and environment. Moreover, synthetic chemical gives negative impact on seed viability. It can be concluded that soybean seedssusceptible to C. chinensis may be stored by treating with powder of Lantana camara powder @ 5g/kg seed or ginger rhizome powder @ 5g/kg seed which may be a better alternative to conventional insecticide and offer better protection up to 90 days of storage. Without affecting germination of treated soybean seeds. These ITK methods are not only effective but also eco-friendly, affordable, locally available, and do not affect seed germination, making them suitable alternatives to synthetic insecticides for small-scale and organic farmers.
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