Bio-efficacy of different plant products against Earhead bug, Leptocorisa spp. on Rice (Tulaipanji) in Old Alluvial Zone, West Bengal

Abstract	Comment by Hairul Palal: A good abstract writing should include the following information: introduction, problem statement, objective, methodology, results and conclusion. 
Bioefficacy of different botanicals against rice ear head bug (Leptocorisa spp.) was studied in three consecutive years from 2017 to 2019 at Regional Research Station (Old Alluvial Zone), Majhian, Dakshin Dinajpur district, West Bengal. All the treatments were superior over control. The standard check treatment, Thiamethoxam (100g/ha.) was found most effective treatment in all the cases as compared to the formulated botanicals used in the studies The three years pooled mean data of rice earhead bug population and grain yields revealed that inorganic chemical treatment, Thiamethoxam (100g/ha.) was found very effective and exhibited lowest population of earhead bugs (0.90 /hill) and highest yield (28.57q/ha). Amongst the botanicals, Neem Seed Kernel extracts 5% was recorded lowest population (1.80) and highest yield (27.03 quintal/ha) over control and followed by Neem oil 1% (2.08/hill), Pongamia seed kernal extract 5% (2.14/hill), Karanja oil 1% (2.30/hill), Jathropa leaf extract 10% (2.47/hill), Custard apple leaf extract 10% (2.56/hill), Jathropa leaf extract 5%( 2.92/hill) and Custard apple leaf extract 5% (3.05/hill). The untreated control plot recorded highest population of ear head bug (6.24 /hill) and lowest grain yield (15.06 q/ha). The tested all plant products or formulated botanicals were found to have broad spectrum insecticidal properties against wide range of insect pests. Botanical source of insecticides could serve as an alternative to popularly used synthetic chemical insecticides which result to reduce environmental hazards and save non-targets living beings. Botanical pesticides can supplement and easily be incorporated into Bio-intensive Integrated Pests Management Programme for the development of sustainable agriculture. 	Comment by Hairul Palal: The introduction is not clearly stated. It is recommended to start the abstract with one or two sentences introducing the study 

Objective: Need to use a clearer sentence with verbs to show the objective of the study being conducted 

Methodological details are very limited. There is no statement of study design or statistical approach to show how this study was conducted. 
Key words: Botanicals, ear head bug, Leptocorisa spp., Pongamia, Jatropha, Custard apple
Introduction: 
Rice is one of the most important staple food crops of Asia, including India and is feeding more than three billion people. The cultivated rice, Oryza sativa originated in South East Asia in humid tropical climate. Green revolution is considerably held to improve production of food grains in our country and its role in achieving status of self-sufficiency in food grain is beyond any doubt. Scented or aromatic rice is nature’s gift to the Indian sub-continent and human kind at large. Compare to other classes of rice, aromatic rice is highly demanded and get better premium price in global market due to its pleasant aroma, superfine long slender grains with delicate curvature, remarkable linear elongation and excellent flaky soft texture on cooking (Mondal G and Dutta J., 2014; Mondal et.al., 2013). There is a market of aromatic rice not only in West Bengal but also throughout the India. Due to their smell, taste and high demand aromatic rice has got an extra importance in the economy of India. As a post-effect of globalization India is now exporting aromatic rice in the different countries viz. Middle East countries, the USA, the UK, Australia and Canada and other countries including South Africa and at present the farmers are getting attractive price from those of particular varieties a new economic pursuit for the paddy farmers in some localities of West Bengal.
Insect pests are responsible for considerable yield loss of various crops in tropical Asian countries. About 128 species of insects have been reported to ravage the rice field. Out of this only 15 to 20 insect are regarded as economically obnoxious species. (Kalode, 2005; Pathak and Khan, 1994). YSB shares about 89.50% of the total borer population in the northern parts of West Bengal. Gundhi bug, Leptocorisa acuta (Thumb) both nymphs and adults causes damage by puncturing individual grains for feeding at milky stage of crop. The pest induced loss of rice crop may range upto 25-35% (Benejee and Chaterjee, 1982; Rao and Prakash, 1995). 	Comment by Hairul Palal: Must be in the reference list for this citation 
These insect pests’ cause enormous grain yield losses, which may vary from 20‐50% if not managed in time, India losses 30% yield in rice every year (Tiwari et al., 2014; Banerjee et al., 1982). India ranks 10th in the world in pesticides consumption as its total consumption about 500 million tones. In general, applied pesticides has been estimated that only about 0.1% of the pesticides reach the target organisms and the remaining bulk contaminates the surrounding environment (Carriger et al., 2006). In recent years the use of synthetic insecticides in crop protection programmes around the world has resulted in disturbance of the environment, pest resurgence, pest resistance to pesticides and lethal effect to non-target organisms in the agro-ecosystem in addition to direct toxicity to users (Hosamani et al., 2009; Biswas et.al. 2014).
Therefore, it has now become necessary to search for the alternative means of pest control, which can minimize the use of synthetic pesticides. Botanical pesticides are the important alternatives to minimize or replace the use of synthetic pesticides as they possess an array of properties including toxicity to the pest, repellency, anti-feedance, insect growth regulatory activities against pests of agricultural importance. In fact, botanical pesticides are in use in Indian agriculture for over a century to minimize losses caused by pests and diseases (Prakash et al., 1997; Karunamoorthi, 2012). Botanical pesticides have many advantages over synthetic pesticides like: in general, it possesses low mammalian toxicity thus constitute least or no health hazards and environmental pollution. There is no risk of developing pest resistance to these products when used in natural forms. These, causes less damage to non-target organisms and pest resistance has not been reported except synthetic pyrithroids. No adverse effects on plants growth, seed viability and cooking quality of the grains and botanical pesticides are less expensive and easily available because of natural occurrence.
Though the information on the management of those pests are available from elsewhere in the country, yet application of conventional insecticides recommended for controlling rice pests have not been prove effective due to various reasons.	Comment by Hairul Palal: can be made into 1 paragraph 
Naturally occurring biological control has a potential role to play in management of rice pests in of tropical South and South East Asia and there is a need to emphasize the impact of indigenous natural enemies as an essential part of IPM programmes (Way and Heong, 1994). 
Looking to the above mentioned facts, it is imperative to evolve and evaluate some useful plant products for management of pest, so that quantity of insecticides used to control the insects can be reduced with minimum harvest toxicity & maintaining aroma. Hence, these useful practices could be utilized as the major components of an effective management strategy, against earhead bug of rice. The effective and appropriate management of these pests lead to right verdict to the crops.
Methodology: 
Bio-efficacy of different plant based product against Aromatic rice pests was studied at Regional Research Station (Old Alluvial Zone), Majhian in Dakshin Dinajpur district. Pre-treatment count of ear head bug incidence was recorded both nymph & adult on 10 hills/projected plot before spray. Post spray observation was recorded on 5 & 10 days after the application of each product. Yield data was recorded on per plot at mature stage for crop loss assessment. Two consecutive spray were done one at 80DAT and 5 days after panicle emergence. Before spray, different grades of pesticides formulations were prepared after collection and shade drying. Before soaking well grinned to form a fine dust. T1 & T3 formulation was prepared after adding 100 ml of fresh water in 1ml of Neem oil & Pongamia oil and add 1gm of detergent powder or surf for preparation of primary solution or stock solution. Then, for T1 stock solution mixed 3ml/liter of water and were as T3 10ml/liter of water. T2 & T4 formulation was prepared after adding 500 ml fresh water with 5gm of Neem seed kernal & Pongamia seed kernal powder along with 5gm of detergent powder or surf and soaked overnight & stirred frequently. T5 & T7 formulation was prepared by adding 500 ml of fresh water with 100gm of Custard apple leaf & Jathropa leaf powder and soaked overnight & stirred frequently. Then filtered with fine muslin cloth and the solution was made 1liter by adding rest amount of water and sprayed. T6 & T8 formulation was prepared after adding 500 ml of fresh water with 50gm of Custard apple leaf & Jathropa leaf poder and soaked overnight & stirred frequently. Then filtered with fine muslin cloth and the solution was made 1liter by adding rest amount of water and sprayed. The Treatment details are placed in the Table 1.	Comment by Hairul Palal: Some references should be included for this methodology. It is important to show that the study was conducted based on a reliable and accurate process. 	Comment by Hairul Palal: Lacking a formal structure, there needs to be a reorganization of the methodology into subsections such as: Study Site, Experimental Design, Botanical Formulation Preparation, Treatment Application, Data Collection. 

The study design needs to be well-presented 
Table 1. Treatment details of different plant product based formulation.
	Treatment 
	Formulation 
	Scientific Name of the plant 
	Dose
	Quantity per hectare 

	T1 
	Neem Oil 1% 
	Azadirachta indica 
	3ml/Litre 
	1.5 Litre 

	T2 
	Neen Seed Kernal Extract (NSKE) 5% 
	
	50g/Litre 
	25 Kg 

	T3 
	Karanja Oil 1% 
	Pongamia pinnata 
	10ml/Litre 
	5 Litre 

	T4 
	Karanja Seed Kernal Extract (KSKE)5% 
	
	50g/Litre 
	25 Kg 

	T5 
	Custard apple Leaf Extract (10%)
	Annona squamosa 
	100g/Litre 
	50 Kg 

	T6 
	Custard apple Leaf Extract (5%)
	
	50g/Litre 
	25 Kg 

	T7 
	Jathropa Leaf Extract  (10%)
	Jathropa curcas 
	100g/Litre 
	50 Kg 

	T8 
	Jathropa Leaf Extract  (5%)
	
	50g/Litre 
	25 Kg 

	T9
	Thiamithoxam 25%WG
	Neonicotinoid class
	0.2g/Litre
	100g

	T10
	Untreated/ Control 
	- 
	500 Litre water/ha 
	500 Litre water










Table 2. Efficacy of different botanicals against rice earhead bug and their impact on grain yield of the paddy cultivar Tulaipanji during the year 2017
	Treatments
	Ear head bug population /hill
	Yield (Quintal/ha)
	(%) yield increase over control

	Treatment
	Formulation used
	Adult & nymph
	Population reduction over control (%)
	
	

	
	
	1DBS
	5DAS
	10DAS
	Mean avg. of 5 & 10DAS
	
	
	

	T1
	Neem Oil 1%
	3.83
	1.80
	2.47
	2.13
	65.00
	23.97
	61.57

	T2
	NSKE (5%)
	4.10
	1.60
	1.90
	1.75
	73.16
	25.80
	73.93

	T3
	Karanja Oil 1%
	3.17
	1.93
	2.33
	2.13
	57.65
	22.17
	49.44

	T4
	KSKE (5%)
	3.53
	1.97
	2.47
	2.22
	60.54
	22.70
	53.03

	T5
	CALE (10%)
	3.33
	2.23
	2.97
	2.60
	50.95
	20.82
	40.34

	T6
	CALE (5%)
	3.93
	3.63
	3.40
	3.52
	43.78
	19.73
	33.03

	T7
	JLE (10%)
	3.43
	2.03
	2.93
	2.48
	54.52
	21.55
	45.28

	T8
	JLE (5%)
	3.67
	3.23
	3.03
	3.13
	46.28
	20.25
	36.52

	T9
	Thiamithoxam 25%WG
@100g/ha
	3.73
	0.73
	0.87
	0.80
	86.52
	28.23
	90.34

	T10
	Control/untreated
	3.87
	5.67
	6.63
	6.15
	0.00
	14.83
	0.00

	S.Em±
	
	0.39
	0.25
	0.27
	0.26
	
	0.44
	

	C.D @ 5%
	
	N/A
	0.75
	0.82
	0.79
	
	1.32
	

	C.V.
	
	18.27
	17.56
	16.27
	16.91
	
	3.47
	


DBS = Day before spray; DAS = Days after spray
Table 3.  Efficacy of different botanicals against rice earhead bug and their impact on grain yield of the paddy cultivar Tulaipanji during the year 2018
	Treatments
	Ear head bug population /hill
	Yield (Quintal/ha)
	(%) yield increase over control

	Treatment
	Formulation used
	Adult & nymph
	Population reduction over control (%)
	
	

	
	
	1DBS
	5DAS
	10DAS
	Mean avg. of 5 & 10DAS
	
	
	

	T1
	Neem Oil 1%
	4.47
	1.67
	1.87
	1.77
	75.03
	27.08
	73.43

	T2
	NSKE (5%)
	4.10
	1.27
	1.27
	1.27
	80.49
	27.77
	77.80

	T3
	Karanja Oil 1%
	3.67
	1.93
	1.53
	1.73
	70.16
	26.08
	67.02

	T4
	KSKE (5%)
	3.90
	2.07
	1.37
	1.72
	72.20
	26.87
	72.04

	T5
	CALE (10%)
	3.33
	1.73
	1.77
	1.75
	66.85
	24.48
	56.78

	T6
	CALE (5%)
	4.27
	2.73
	2.07
	2.40
	64.49
	21.45
	37.35

	T7
	JLE (10%)
	3.70
	1.87
	1.87
	1.87
	68.14
	25.15
	61.05

	T8
	JLE (5%)
	3.87
	2.60
	1.63
	2.12
	65.44
	22.58
	44.61

	T9
	Thiamithoxam 25%WG
@100g/ha
	4.00
	0.90
	0.47
	0.68
	89.21
	29.27
	87.41

	T10
	Control/untreated
	3.77
	5.40
	6.53
	5.97
	0.00
	15.62
	0.00

	S.Em±
	
	0.40
	0.26
	0.30
	0.28
	
	0.37
	

	C.D @ 5%
	
	N/A
	0.77
	0.91
	0.84
	
	1.12
	

	C.V.
	
	17.80
	20.10
	25.77
	22.94
	
	2.62
	



Table 4. Efficacy of different botanicals against rice earhead bug and their impact on grain yield of the paddy cultivar Tulaipanji during the year 2019
	Treatments
	Ear head bug population /hill
	Yield (Quintal/ha)
	(%) yield increase over control

	Treatment
	Formulation used
	Adult & nymph
	Population reduction over control (%)
	
	

	
	
	1DBS
	5DAS
	10DAS
	Mean avg. of 5 & 10DAS
	
	
	

	T1
	Neem Oil 1%
	4.20
	2.13
	2.57
	2.35
	67.51
	26.80
	81.88

	T2
	NSKE (5%)
	4.67
	2.33
	2.43
	2.38
	70.35
	27.52
	86.79

	T3
	Karanja Oil 1%
	3.97
	3.10
	3.00
	3.05
	55.35
	24.94
	69.30

	T4
	KSKE (5%)
	3.77
	2.53
	2.40
	2.47
	61.97
	25.35
	72.06

	T5
	CALE (10%)
	3.90
	3.80
	2.83
	3.32
	50.61
	22.50
	52.71

	T6
	CALE (5%)
	3.53
	2.97
	3.47
	3.22
	47.12
	20.67
	40.32

	T7
	JLE (10%)
	3.70
	3.03
	3.07
	3.05
	52.13
	23.40
	58.80

	T8
	JLE (5%)
	3.93
	3.70
	3.33
	3.52
	48.07
	21.95
	48.96

	T9
	Thiamithoxam 25%WG
@100g/ha
	3.90
	1.60
	0.87
	1.23
	81.63
	28.22
	91.52

	T10
	Control/untreated
	3.83
	5.57
	7.63
	6.60
	0.00
	14.73
	0.00

	S.Em±
	
	0.47
	0.32
	0.28
	0.30
	
	1.15
	

	C.D @ 5%
	
	N/A
	0.96
	0.83
	0.89
	
	3.44
	

	C.V.
	
	20.54
	18.09
	15.10
	16.60
	
	8.43
	



Table 5: Efficacy of different botanicals against rice earhead bug and their impact on grain yield of the paddy cultivar Tulaipanji during the year 2017, 2018 and 2019.
	Treatment
	Formulation used
	Ear head bug population /hill
	Yield (Quintal/ha)
	(%) yield increase over control

	
	
	Adult & nymph
	2017
	2018
	2019
	Mean
	

	
	
	2017
	2018
	2019
	Mean
	
	
	
	
	

	T1
	Neem Oil 1%
	2.13
	1.77
	2.35
	2.08
	23.97
	27.08
	26.80
	25.95
	72.29

	T2
	NSKE (5%)
	1.75
	1.27
	2.38
	1.80
	25.80
	27.77
	27.52
	27.03
	79.46

	T3
	Karanja Oil 1%
	2.13
	1.73
	3.05
	2.30
	22.17
	26.08
	24.94
	24.40
	61.99

	T4
	KSKE (5%)
	2.22
	1.72
	2.47
	2.14
	22.70
	26.87
	25.35
	24.97
	65.81

	T5
	CALE (10%)
	2.60
	1.75
	3.32
	2.56
	20.82
	24.48
	22.50
	22.60
	50.06

	T6
	CALE (5%)
	3.52
	2.40
	3.22
	3.05
	19.73
	21.45
	20.67
	20.62
	36.90

	T7
	JLE (10%)
	2.48
	1.87
	3.05
	2.47
	21.55
	25.15
	23.40
	23.37
	55.14

	T8
	JLE (5%)
	3.13
	2.12
	3.52
	2.92
	20.25
	22.58
	21.95
	21.59
	43.37

	T9
	Thiamithoxam 25%WG @100g/ha
	0.80
	0.68
	1.23
	0.90
	28.23
	29.27
	28.22
	28.57
	89.71

	T10
	Control/untreated
	6.15
	5.97
	6.60
	6.24
	14.83
	15.62
	14.73
	15.06
	0.00

	
	S.Em±
	0.26
	0.28
	0.30
	0.28
	0.44
	0.37
	1.15
	0.65
	

	
	C.D @ 5%
	0.79
	0.84
	0.89
	0.84
	1.32
	1.12
	3.44
	1.96
	

	
	C.V.
	16.91
	22.94
	16.60
	18.82
	3.47
	2.62
	8.43
	4.84
	



    

Result and Discussion:  
Extent of suppression of population of rice ear head bug (gundhi bug), Leptocoryza spp. with eight selected formulated botanicals was carried out in the field of paddy cultivar Tulaipanji during three consecutive kharif seasons from 2017 to 2019 at RRS(OAZ), UBKV Majhian, Dakshin Dinajpur, West Bengal, India. 
The efficacy of different treatments against gundhi bug population and paddy garin yield were presented in the Table 1 to 5. All the treatments were superior over control. The standard check treatment, Thiamethoxam (100g/ha.) was found most effective treatment in all the three years as compared to the formulated botanicals used in the studies. All the formulated botanicals were found very effective against gundhibug. The first year experiment during kharif 2017 revealed that efficacy of Thiamethoxam (100g/ha.) against earhead bug was found highest (86.52%) over control compared to the formulated botanicals used in the studies. Amongst the formulated botanicals, Neem Seed Kernel extracts (NSKE) 5%@50g/Litre was recorded highest population reduction (73.16%) over control and obtained paddy grain yield of 25.80 quintal/ha. and followed by Neem oil 1% @3ml/liter (65.00% & 23.97 quintal/ha), Karanja seed kernal extract 5% @ 50g/L. (60.54% & 22.70 quintal/ha), Karanja oil (Pongamia spp.) 1% @10ml/L (57.65% &22.17 quintal/ha). Jathropa leaf extract @ 100g/L. (54.52%, 21.55 quintal/ha.), Custard apple leaf extract @ 100g/L (50.95%, 20.82 quintal/ha)., Jathropa leaf extract @ 50g/L. (46.28%, 20.25 quintal/ha) and Custard apple leaf extract @ 50g/L. (43.78%, 19.73 quintal/ha). In control plot, highest incidence of earheadbug (6.15%) and lowest grain yield (14.83 quintal/ha) were recorded. (Table 2).
The second year experiment during kharif 2018 exhibited that the suppression of gundhi bug or rice earhead bug population was significant with all the treatments over the control. Thiamethoxam (100g/ha.) was found most effective to reduce population of earhead bug (89.21%) and obtained highest grain yield (29.21quintal/ha). The efficacy of the formulated botanicals showed the similar trends in efficacy as observed in the first year. Amongst the botanicals, Neem Seed Kernel extracts (NSKE) 5% @5g/Litre showed highest percentage of population reduction (80.49%) against gundhibug over control and followed by Neem oil 1% @3ml/liter (75.03%), Karanja seed kernal extract 5% @ 50g/L. (72.20%), Karanja oil (Pongamia spp.) 1% @10ml/L (70.16%), 22.17 quintal/ha., Jathropa leaf extract @ 100g/L. (68.14%), Custard apple leaf extract @ 100g/L (66.85%), Jathropa leaf extract @ 50g/L. (65.44%) at per Custard apple leaf extract @ 50g/L. (64.49%). Amongst the botanicals Neem Seed Kernel extracts (NSKE) 5% was recorded highest grain yield (27.77quintal/ha.) and followed by Neem oil (1%) (27.08quintal/ha), Karanja seed kernal extract (5%) (26.87 quintal/ha)., Karanja oil (Pongamia spp.) 1% (26.08 quintal/ha)., Jathropa leaf extract 10% (25.15 quintal/ha)., Custard apple leaf extract 10% (24.48 quintal/ha)., Jathropa leaf extract 5% (22.58 quintal/ha.) and Custard apple leaf extract (5% 21.45 quintal/ha).  In control plot, highest incidence of earheadbug (5.97%) and the lowest grain yield (15.62 quintal /ha) were recorded. (Table 3).
The third year experiment during kharif 2019 showed similar trends in efficacy like previous years for all the treatments against gundhi bug or rice earhead bug. It was found that population reduction of earhead bug was highest (81.63%) with Thiamethoxam 100g/ha. and yield obtained 28.22quintal/ha. Amongst the botanicals, Neem Seed Kernel extracts (NSKE) 5% was recorded highest percentage of population reduction (70.35%) over control and followed by Neem oil 1%( 67.51%), Karanja seed kernal extract 5% (61.97%), Karanja oil 1% (55.35%), Jathropa leaf extract 10% (52.13%), Custard apple leaf extract 10% (50.61%), Jathropa leaf extract 5% (48.07%) at per with Custard apple leaf extract 5%(47.12%). Amongst the botanicals Neem Seed Kernel extracts (NSKE) 5% was recorded highest grain yield (27.52quintal/ha) and followed by Neem oil 1% (26.80 quintal/ha)., Karanja seed kernal extract 5% (25.35 quintal/ha), Karanja oil 1% (24.94 quintal/ha)., Jathropa leaf extract 10% (23.40 quintal/ha)., Custard apple leaf extract 10% (22.50 quintal/ha), Jathropa leaf extract 5% (21.95 quintal/ha) at per Custard apple leaf extract 5% 20.67 quintal/ha.  In control, highest incidence of earheadbug (6.60%) and the lowest grain yield (14.73 quintal /ha) were recorded. (Table 4).
The three years pooled mean data of rice earhead bug population and paddy grain yields were shown in Table.5. The standard check treatment, Thiamethoxam (100g/ha.) was found very effective as compared to the formulated botanical. It was found that population of earhead bugs was lowest (0.90 / hill) and yield of paddy grain obtained was highest (28.57quintal/ha). Amongst the botanicals Neem Seed Kernel extracts (NSKE) 5% was recorded lowest population (1.80/hill) of gundhi bug over control and followed by Neem oil (1%) 2.08/hill, Karanja seed kernal extract 5% (2.14/hill), Karanja oil 1% (2.30/hill), Jathropa leaf extract 10% (2.47/hill), Custard apple leaf extract 10% (2.56/hill), Jathropa leaf extract 5% (2.92/hill) and Custard apple leaf extract 5% (3.05/hill). In an untreated control plot, highest population of ear head bug (6.24per hill) was recorded.
Amongst the botanicals, Neem Seed Kernel extracts (NSKE) 5% obtained highest grain yield (27.03 quintal/ha) and followed by Neem oil 1%( 25.95 quintal/ha), Karanja seed kernal extract 5% (24.97 quintal/ha), Karanja oil 1% (24.40 quintal/h)., Jathropa leaf extract 10% (23.37 quintal/ha.), Custard apple leaf extract 10% (22.60 quintal/ha.), Jathropa leaf extract 5% (21.59 quintal/ha) at per Custard apple leaf extract 5% (20.62 quintal/ha).  In control plot, the grain yield was lowest (15.06 quintal/ha) as compared to the tested products against earhead bug (Table 5). 
The efficacy of all treatments against gundhi bug were varied significantly. The population of ear head bug both nymphs and adults were non-significant during the day before application of treatments. The treatment, Thiamethoxam @ 100g /ha was recorded lowest mean population of ear head bugs (0.90/hill) and obtained highest grain yield (28.57quintal/ha). The used chemical treatment, Thiamethoxam @ 100g /ha have very good impact against ear head bug reported by several workers (Basavaraj Ashokappa et. al., 2015; Gupta and Kumar, 2017; Gupta et. al., 2019; Shyamrao et. al., 2020). Plant products or botanical have several insecticidal properties on different parts of a plant. Azadirechta have number of properties against organisms like antimicrobial, insecticidal, antifeedant, deterent, ovicidal, etc. Neem Seed Kernel extracts (NSKE) 5% significantly reduced ear head bug population and increased grain yield (27.03 quintal/ha). The insect pest management also used neem leaf extracts other than NSKE and oil (Basavaraj Ashokappa et. al., 2015; Shyamrao et. al., 2020). NSKE acts as juvenile hormone mimic and hampered larval development of rice leaf folder (Cnaphalocrocis medinalis) (Schmutterer et. al.,1983). Neem oil 1% and neem seed kernel extracts was highly effective against gundhi bug (L. oratorius) population (Prakash et.al., 2008). The neem derivatives are found to affects feeding habits of gundhi bug (act as antifeedant and deterrents). This plant property plays very good impacts on reproduction against ear head bug (L. oratorius and L. acuta) (Prakash and Rao, 1997).
Pongamia oils have broad spectrum insecticidal activities against several insect pests (Kumar and Singh, 2002). Karanja seed kernal extract (2%) were found to affects the survibility and emergence of green leaf hopper, leaf folder and brown plant hopper on rice (Marippan and Saxena, 1983). Application of 4% Pongamia oil was found to have superior efficacy against aphid and white fly on brinjal (Purkait et. al., 2021). Karanja (Pongamia spp.) oil 1% were shown superior efficacy against leaf folder of rice, Cnaphalocrocis medinalis (Narsimhan and Mariappan, 1988).  Karanja (Pongamia) oil 2% was found to reduce the chilli thrips, Scirtothrips dorsalis significantly on treated plot in field condition (Gadge et. al., 2022).
The genus Jatropha have several species and among them, Jatropha curcas and J. gossypiifolia L., plant contains different chemical properties which functions as insect repellents, feeding deterrents, nerve blockers and growth inhibitors. It is a major sources of biodiesel at present, extracted from the seed. This seed oil contains various defensive compounds such as peptides, lipids, etc. (Sabandar et. al., 2013; Sampson, et. al., 2023). The Jatropha plants have an abundant source of active insecticidal properties such as terpenoids toxic against different insects which could serve as supplemental source of biopesticides (Kona et. al., 2014). The Jatropha leaf extracts @ 3% and 5% (w/v) were effectively reduced early instar larvae of Dimond back moth (DBM), Plutella xylostella on cabbage (Brassica oleracea (L.) field (Mwine et. al., 2013; Ingle et. al., 2017). The plant extracts of Jatropha @ 10% and 15% were applied to test growth regulation against Lesser grain borer (Rhyzopertha dominica) which is a store grain insect pest and were found superior result, more than larval mortality (Moon et. al., 2021).
Custard apple leaf and seed extracts were effectively reducing the population of rice leaf hopper, Nephottetix virescens, brown plant hopper, Nilapavata lugens and leaf folder, Cnaphalocrocis medinalis (Marippan and Saxena, 1983). The leaf extracts of custard apple 20ml/100g affects the larval development of sawtoothed grain beetle, Oryzaephilus surinamensis and The red flour beetle, Tribolium castaneum (Prakash and Rao, 1997). The botanicals have played an alternative pest management strategy in future to reduce the environmental hazards from indiscriminate use of synthetic chemicals. 
Conclusion: 
All the tested plant products or formulated botanicals having broad spectrum insecticidal ingredients are found to be effective against insects, fungi, bacteria, nematode, etc. Botanical source of insecticides may serve as an alternative to popularly used synthetic chemical insecticides and can reduce environmental pollution and save non-target living beings. The neem products were found to be more effective than others plant products for controlling ear head bug. All the tested plant products can easily be incorporated into bio-intensive Integrated Pests Management Programme which may help to the sustainable agriculture. So, farmers may use neem and karanja based insecticide to ensure better yield and conserve beneficial insect in rice ecosystem.
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