Bio-efficacy of biopesticides evaluated against corn leaf aphid, Rhopalosiphum maidis (Fitch) infesting maize

[bookmark: _GoBack]Abstract: Maize (Zea mays L.) is an important cereal crop in India with a wide range of adaptability and a high potential output. Maize is infected by complex species of pest in which Rhopalosiphum maidis (Fitch) (Hemiptera: Aphididae) also one of the most severe pests of maize. Therefore, an on farm trial was carried out to evaluate the efficacy of different biopesticide on maize crop was carried out at entomology farm, Anand Agricultural University, Anand during 2021-22. Among the seven biopesticides studied against corn leaf aphid, on tassel Lecanicillium lecanii 1.15% WP conclude most effective followed by Metarhizium anisopliae 1.15% WP and Beauveria bassiana 5% WP and similarly, on cob L. lecanii 1.15% WP found most effective followed by M. anisopliae 1.15% WP and B. bassiana 5% WP. Further, Plot treated with L. lecanii 1.15% WP, M. anisopliae 1.15% WP and B. bassiana 5% WP gave highest grain yield   5523, 5503, 5462 kg/ha., green fodder yield 7491, 7443 and 7244 kg/ha., dry fodder yield 5977, 5921 and 5705 kg/ha, respectively. For natural enemies; neem oil 1% and neem seed kernel extract 5% found less toxic compared to other treated bio-pesticides to LBB adults on tassel and on cob. Looking to grub, neem seed kernel extract 5%, azadirachtin 0.15% EC and garlic bulb extract 5% noticed less toxic to grubs on tassel and cob. 
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INTRODUCTION
      Maize (Zea mays L.), is a member of the Poaceae family. After rice and wheat, it is the third-most significant cereal in India, making up around 9% of the country's total food consumption (Wawdhane et al., 2020; Kumar et al., 2014). In India, maize is farmed all year long. In India, 16.98 lakh hectares of Rabi maize crop was sown in 2020, exceeding the 14.78 lakh hectares covered in the same period of the previous year (Alam et al., 2019; Sheoran et al., 2022). Maize crop is attacked by several insect-pests from sowing to harvesting viz. the maize stalk borer (Chilo partellus, Swinhoe), pink borer (Sesamia inferens, Walker), shoot fly (Atherigona soccata, Rondani), shoot bug (Peregrinus maidis Ashmead), maize blister beetle (Cylindrothorax andomni Melodae), grasshopper (Pacoima dorsalis Thob), jassid (Zygnidia manaliensis Singh), whitefly (Neomaskellia bergii), thrips (Anapothrips sudinesi T.), pyrilla (Pyrilla perpusilla Wlk.) as well as corn leaf aphid (Rhopalosiphum maidis, Fitch) (Choudhary et al., 2017, Atwal and Dhaliwal, 2002 and Kumar et al., 2020). Among them, R. maidis (Hemiptera: Aphididae) is a significant agricultural polyphagous, multivoltine and most severe pests of maize which causes significant crop losses. By feeding, spreading viral disease, and producing honeydew, this pest damages in different stages of crop growth (Byjesh et al., 2010). It infests seedlings, leaves in whorls, and inflorescences of plants. It produces a large amount of honeydew, which causes inflorescences to be sterilised and leaves to become malformed (Blackman & Eastop, 2008; Kumar & Alam, 2017; Blackman and Eastop, 2000; Yadav et al., 2015). Population of aphid varies every year with prevailing climatic conditions and maize cultivars, therefore the monitoring is necessary. For the management of aphid population many control measures have been adopted to manage the aphid population below economic threshold level (ETL). The present study was carried out to evaluate the efficacy of different biopesticides for the eco-friendly management of aphid under farmer’s field conditions.


MATERIALS AND METHODS
Field experiment was carried out in an area of 4.8×6.0 m2 in randomized block design on maize var GAYMH-3 during the rabi season of 2021-22 at Entomology farm, B. A. College of Agriculture, Anand Agricultural University, Anand. There were in all eight treatments including untreated control plots and each treatment were replicated thrice. The maize was sown at a spacing of 60 x 20 cm2 with the exception of plant protection measures. The first spray of respective bio-pesticides was given at the time of occurrence of aphid and second spray was applied after 15 days of first spray by using high volume (knapsack) sprayer with required concentrations (Table 1). Spraying was done at morning time to avoid bright sunshine and drift caused by strong wind. Sticker (10 ml/10 litre of water) was added in case of all the treatments. Number of nymphs / adults were recorded from centre of shoot, inflorescence (tassel) and cob of randomly selected ten plants from each plot before spray and 1,3, 7 and 10 day(s) after first and second spray applications. Moreover, natural enemies viz.; coccinellids (grubs and adults) on aphid were also recorded before first and second spray applications. The yield was recorded and converted to hectares for comparison. The data were square-rooted 
(√x + 0.5) transformed and the DNMRT test was used to separate the treatment results based on their efficacy at the highest, moderate, and lowest levels.
Table 1: Details of Treatment: 
	Treatment No.
	Treatments
	Spore load (cfu/g)
	Quantity required
(ml or g/10 litre water)

	T1
	Neem Seed Kernel Extract 5%
	-
	500

	T2
	Neem oil 1%
	-
	100

	T3
	Garlic bulb extract 5%
	-
	500

	T4
	Azadirachtin 0.15 % EC
	-
	100

	T5
	Beauveria bassiana 5% WP
	1 × 109
	40

	T6
	Lecanicillium lecanii 1.15 % WP
	1 × 109
	40

	T7
	Metarhizium anisopliae 1.15 % WP
	1 × 109
	40

	T8
	Control (Water spray)
	-
	-


Method of preparation of neem seed kernel extract 5%:
      To prepare NSKE, the neem kernels were grounded well in a mixer grinder before being soaked in 1 litre of water overnight. Five hundred gram of neem seeds were used to prepare 5 % neem seed kernel extract (NSKE), which was filtered through muslin cloth next day and mixed with 9 litres of water. 
Method of preparation of Garlic bulb extract 5%:
      In order to prepare 5 % Garlic bulb extract, 1 kg of garlic bulb was purchased from the market and crushed using homogenizer to make paste then net 500 g of garlic bulb extract were filled in separate container. Required quantity of liquid material was utilized for the spray.
Estimation of avoidable losses
The avoidable losses caused by aphid were determined using the Khosla (1977) method using the maize yield harvested from the study's various treatments. 
Avoidable losses (%) = Highest yield in treated plot −Yield of respective treatment  × 100                         

                                                                Highest yield in treated plot
Where, 
T = Highest yield in treated plot (kg/ha) 
C = Yield of respective treatment (kg/ha)


Increase in yield over control
The increase in yield over control was worked out by following formula given by Khosla (1977).
Increase in yield over control (%) = Yield in treatment – Yield in control       × 100                         

Yield in control 
Where, 
T = Yield from treated plot (kg/ha) 
C = Yield from control plot (kg/ha)
RESULTS AND DISCUSSION
On Tassel:
Data on corn leaf aphid, R. maidis population recorded before imposition of treatments and 1, 3, 7 and 10 days after spray are presented in Table 2. The non-significant difference in aphid population recorded before imposition of first spray indicated homogenous population of the pest in all experimental plots.
Effect of biopesticides on aphid population after first spray
Plots treated with neem oil and azadirachtin resulted in the lowest aphid population compared to other treatments (113.56 and 124.05 aphids/tassel) and all other treatments found to have only slightly reduced aphid population. In all the treated plots compared to the control, the aphid population was seen to have drastically decreased by the third day after spraying. L. lecanii exhibited in the significantly lowest aphid population (77.65) in comparison to M. anisopliae (78.00), B. bassiana (79.07), neem oil (100.50) and azadirachtin (113.99). Garlic bulb extract (168.24) had the maximum aphid population from the tested bio-pesticides, followed by neem seed kernel extract (166.68). These two treatments were shown to be significantly less successful in reducing aphid populations. Seven days after the spray, L. lecanii showed lower population of aphid (63.50 aphids/tassel), which was at par with M. anisopliae (64.30) and B. bassiana (65.60). Neem oil (93.01) and azadirachtin (111.65) had minimum aphid population. Garlic bulb extract had the highest aphid population (163.85), which was at par with neem seed kernel extract (161.04). Ten days after the spray, inspection revealed that the L. lecanii-treated plots had the higher reduction in aphids (35.38), followed by M. anisopliae (36.83) and B. bassiana (37.94). The aphid counts for neem oil and azadirachtin were 72.43 and 106.62 per tassel, respectively. More aphids were found in the treatment of extracts of garlic bulbs (160.03) and neem seed kernels (157.50).
Pooled over period data presented in Table 2 indicated that the number of aphids in all treated plots was low than in the control. The treatment of entomopathogenic fungi, L. lecanii and M. anisopliae recorded the lowest population (80.68 aphids/tassel), followed by B. bassiana (83.77) and neem oil (94.17). Aphid population moderately reduced in the application of azadirachtin (113.99). Neem seed kernel extract (165.14) and garlic bulb extract (166.43) showed the highest aphid population.







Table 2: Impact of biopesticides on population of corn leaf aphid, R. maidis on maize tassel

	

Tr. No.
	

Treatments
	No. of aphids/15cm tassel at indicated days after spray

	
	
	
Before spray
	First  spray
	
	Second spray
	Pooled over periods and spray

	
	
	
	
1
	
3
	
7
	
10
	
Pooled
	Before spray
	
1
	
3
	
7
	
10
	
Pooled
	

	T1
	Neem Seed Kernel Extract, 5%
	13.46
(180.67)
	13.27bc
(175.59)
	12.93b
(166.68)
	12.71c
(161.04)
	12.57c
(157.50)
	12.87c
(165.14)
	11.09a
(122.49)
	10.79a
(115.92)
	10.54b
(110.59)
	10.39b
(107.45)
	10.27c
(104.97)
	10.49cd
(109.54)
	11.69c
(136.16)

	T2
	Neem oil, 1%
	13.67
(186.37)
	10.68a
(113.56)
	10.05a
(100.50)
	9.67ab
(93.01)
	8.54b
(72.43)
	9.73a
(94.17)
	10.95a
(119.40)
	10.25a
(104.56)
	9.83ab
(96.13)
	9.52b
(90.13)
	9.16bc
(83.41)
	9.69bc
(93.40)
	9.71b
(93.78)

	T3
	Garlic bulb extract, 5%
	13.38
(178.52)
	13.21bc
(174.00)
	12.99b
(168.24)
	12.82c
(163.85)
	12.67c
(160.03)
	12.92c
(166.43)
	11.11a
(122.93)
	10.96a
(119.62)
	10.74b
(114.85)
	10.66b
(113.14)
	10.53c
(110.38)
	10.72d
(114.42)
	11.82c
(139.21)

	T4
	Azadirachtin 0.15 % EC
	13.67
(186.37)
	11.16ab
(124.05)
	10.70a
(113.99)
	10.59b
(111.65)
	10.35b
(106.62)
	10.70b
(113.99)
	11.09a
(122.49)
	10.58a
(111.44)
	9.55ab
(90.70)
	8.88b
(78.35)
	8.59b
(73.29)
	9.40b
(87.86)
	10.05b
(100.50)

	T5
	Beauveria bassiana 5% WP
	13.66
(186.10)
	13.48bc
(181.21)
	8.92a
(79.07)
	8.13a
(65.60)
	6.20a
(37.94)
	9.18a
(83.77)
	10.93a
(118.96)
	10.81a
(116.36)
	8.18a
(66.41)
	7.13a
(50.34)
	4.20a
(17.14)
	7.58a
(56.96)
	8.38a
(69.72)

	T6
	Lecanicillium lecanii 1.15 % WP
	13.40
(179.06)
	13.22bc
(174.27)
	8.84a
(77.65)
	8.00a
(63.50)
	5.99a
(35.38)
	9.01a
(80.68)
	10.95a
(119.40)
	10.76a
(115.28)
	8.07a
(64.62)
	7.01a
(48.64)
	3.99a
(15.42)
	7.46a
(55.15)
	8.24a
(67.23)

	T7
	Metarhizium anisopliae 1.15 % WP
	13.43
(179.86)
	13.26bc
(175.33)
	8.86a
(78.00)
	8.05a
(64.30)
	6.11a
(36.83)
	9.07a
(81.76)
	10.82a
(116.57)
	10.61a
(112.07)
	8.09a
(64.95)
	7.07a
(49.48)
	4.14a
(16.64)
	7.48a
(55.45)
	8.27a
(67.40)

	T8
	Control
	13.40
(179.06)
	14.67c
(214.71)
	15.01c
(224.80)
	15.46d
(238.51)
	15.90d
(252.31)
	15.26d
(232.37)
	20.61b
(424.27)
	20.87b
(435.06)
	20.27c
(410.37)
	20.94c
(437.98)
	20.96d
(438.82)
	20.76e
(430.48)
	18.01d
(323.86)

	S. Em. ±                                                   Treatment(T)
	0.72
	0.69
	0.59
	0.57
	0.55
	0.30
	0.64
	0.63
	0.55
	0.53
	0.48
	0.28
	0.21

	Period(P)
	-
	-
	-
	-
	-
	0.21
	-
	-
	-
	-
	-
	0.20
	0.15

	Spray (S)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.10

	T×P
	-
	-
	-
	-
	-
	0.60
	-
	-
	-
	-
	-
	0.56
	0.42

	T×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.29

	P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.21

	T×P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.59

	F Test (T)
	NS
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.

	CV (%)
	9.28
	9.24
	9.22
	9.22
	9.69
	9.39
	9.06
	9.15
	8.95
	8.99
	9.29
	9.29
	9.47


Notes: 1. Figures in parentheses are retransformed values and those outside are √𝑥 + 0.5 transformed values  
            2. Treatment mean(s) with letter(s) in common are not significantly differed by DNMRT at 5% level of significance
            3. Significant parameters and its interaction: P and T x P



            4. Significant parameters and its interaction: P, S, S x P and T x P
Effect of biopesticides on aphid population after second spray
Observations on aphid incidence recorded first day after spray show significant impact of biopesticides, however slightly reduction of pest was noticed. Observations recorded at third day after spraying showed that all the treatments were successful in reducing the aphid population. Plots sprayed with M. anisopliae (64.95 aphids/tassel), B. bassiana (66.41) and L. lecanii had a lower (64.62) population of aphids. Neem oil and azadirachtin registered 96.13 and 90.70 aphids/tassel, respectively. The maximum number of aphids per tassel were found in the extract of garlic bulb (114.85) and neem seed kernel (110.59). Aphids count made at seven days after spray indicated that L. lecanii treated plots registered lowest aphid population (48.64 aphids/tassel), which was at par with M. anisopliae (49.48) and B. bassiana (50.34). Garlic bulb extract (113.14) had the highest aphid population of all the treated plots followed by neem seed kernel extract (107.45), neem oil (90.13) and azadirachtin (78.35). Observations made ten days after spraying showed that L. lecanii recorded the lowest aphids per tassel (15.42), followed by M. anisopliae (16.64) and B. bassiana (17.14). The aphid population found to be moderately reduced in neem oil (83.41) and azadirachtin (73.29). Among the treated plots maximum (110.38) number of aphid population was recorded in garlic bulb extract and neem seed kernel extract (104.97). 
Pooled over period data listed in Table 2 indicated that all biopesticides were determined to be more effective against aphids than the control. Superiority of M. anisopliae (55.45 aphids/tassel), B. bassiana (56.96) and L. lecanii was documented (55.15) in experimental plots and at par with each other. These remedies work wonders for reducing aphid populations. Neem oil was found 93.40 aphids/tassel. Azadirachtin (87.86) recorded, which is better than neem seed kernel extract (109.54) and garlic bulb extract (114.42).
Overall mean value of first and second spray:
Over all pooled data (Table 2) computed for both the sprays revealed that the treatments significantly differ from each another. The plots treated with L. lecanii had the lowest aphid population (67.23 aphids/tassel), followed by M. anisopliae (67.40) and B. bassiana (69.72). Both neem oil and azadirachtin had a moderate impact on the number of aphids per tassel (93.78 and 100.50). 
On Cob
Population of corn leaf aphid on maize cob before application of biopesticides revealed non-significant results even distribution of target pest in experimental plots (Table 3).
Effect of biopesticides on aphid population after first spray
Observations made on the first day after spraying, neem oil (134.76 aphids/cob) and azadirachtin (139.92) had the minimum amount of aphid population compared to other treatments. Aphid population recorded at the third day after spray, the plots treated with L. lecanii recorded (100.70) lower aphid population followed by M. anisopliae (101.31) and B. bassiana (102.52). Neem oil (127.64) and azadirachtin (129.23) were shown to be equally effective treatments. Garlic bulb extract (182.56) and neem seed kernel extract (177.72) had the maximum aphid counts. The observations at seven days after spraying revealed that L. lecanii had the minimum aphids (60.18 aphids/cob), which was at par with M. anisopliae (65.27) and B. bassiana (69.89). Azadirachtin (120.28) and neem oil (116.36) found to be moderately effective in reducing aphid population. From the tested biopesticides, garlic bulb extract had the highest aphid density (176.66), which was comparable to neem seed kernel extract (167.20). These treatments found to be less effective in lowering aphid population. All treated plots outperformed the control at 10 days. L. lecani had significantly lowest aphid (36.10 aphids/cob), followed by M. anisopliae (36.83) and B. bassiana (37.32). Neem oil (111.65) and azadirachtin (115.49) exhibited more or less same level aphid population and was at par. Garlic bulb extract had the highest population of aphids (169.80), followed by neem seed kernel extract (161.81). 
The data of pooled over periods and sprays (Table 3) revealed that the population of aphids in all the treated plots reduced in comparison to the control. The various bio-pesticide treatments varied significantly from each other. L. lecanii, M. anisopliae and B. bassiana recorded lowest population of aphid and at par with each other and observed the greatest decline in aphid population (88.42, 90.70 and 92.82 aphids/cob). Neem oil (122.49) and azadirachtin (126.06) found moderately effective. The maximum number of aphids were found in the plots treated with garlic bulb extract (179.33) and neem seed kernel extract (173.21).
Effect of biopesticides on aphid population after second spray
Observations made on the first day after spraying revealed that all treated plots had much lower aphid populations than the control. Neem oil found the highest reduction in aphid population (76.76 aphids/cob) on the third day after spraying and it was at par with L. lecanii (80.68), M. anisopliae (81.40), B. bassiana (83.04) and azadirachtin (88.42). The least number of aphid population was reduced by garlic bulb extract (133.83), which was at par with to neem seed kernel extract (130.83). Aphid population was found to have drastically decreased in all treated plots compared to control at seven days after spraying. Neem oil resulted in the significantly lowest aphid population (62.54 aphids/cob), which was at par with L. lecanii (64.95), M. anisopliae (66.25), B. bassiana (66.90) and Azadirachtin (78.89). The maximum aphid population was found in neem seed kernel extract (126.06) and garlic bulb extract (129.46) in the evaluated bio-pesticides. Treatment of L. lecanii recorded 15.50 aphids/cob ten days after spraying, which was at par with M. anisopliae (15.82) and B. bassiana (16.89). Neem oil (57.11) and azadirachtin (77.65) were observed moderately effective in lowering aphid populations. The garlic bulb extract (125.16) and neem seed kernel extract (118.53) had proved inferior in controlling the aphid population on maize cob.
In all treatments compared to control, the population of aphids reduced during the pooled over periods (Table 3) indicated that the treatments of L. lecanii, M. anisopliae and B. bassiana maintained its superiority in checking the aphid population in experimental plots. Former three treatments exhibited significantly less population than rest of the treatments evaluated except neem oil (72.94) and azadirachtin (87.11). While neem seed kernel extract and garlic bulb extract had the highest aphid populations (131.52 and 128.78).





Table 3: Impact of biopesticides on population of corn leaf aphid, R. maidis on maize cob
	

Tr. No.
	

Treatments
	No. of aphids /cob at indicated days after spray

	
	
	
Before spray
	First spray
	
Before spray
	Second spray
	Pooled over periods and spray

	
	
	
	
1
	
3
	
7
	
10
	
Pooled
	
	
1
	
3
	
7
	
10
	
Pooled
	

	T1
	Neem Seed Kernel Extract, 5%
	14.00
(195.50)
	13.69ab
(186.92)
	13.35bc
(177.72)
	12.95cd
(167.20)
	12.74cd
(161.81)
	13.18c
(173.21)
	12.29a
(150.54)
	11.87a
(140.40)
	11.46b
(130.83)
	11.25b
(126.06)
	10.91c
(118.53)
	11.37c
(128.78)
	12.28c
(150.30)

	T2
	Neem oil, 1%
	14.44
(208.01)
	11.63a
(134.76)
	11.32ab
(127.64)
	10.81b
(116.36)
	10.59b
(111.65)
	11.09b
(122.49)
	12.15a
(147.12)
	9.96a
(98.70)
	8.79a
(76.76)
	7.94a
(62.54)
	7.59b
(57.11)
	8.57ab
(72.94)
	9.83b
(96.13)

	T3
	Garlic bulb extract, 5%
	14.06
(197.18)
	13.75ab
(188.56)
	13.53c
(182.56)
	13.31d
(176.66)
	13.05d
(169.80)
	13.41c
(179.33)
	12.05a
(144.70)
	11.78a
(138.27)
	11.59b
(133.83)
	11.40b
(129.46)
	11.21c
(125.16)
	11.49c
(131.52)
	12.45c
(154.50)

	T4
	Azadirachtin 0.15 % EC
	14.68
(215.00)
	11.85b
(139.92)
	11.39abc
(129.23)
	10.99bc
(120.28)
	10.77bc
(115.49)
	11.25b
(126.06)
	12.10a
(145.91)
	10.27a
(104.97)
	9.43a
(88.42)
	8.91a
(78.89)
	8.84b
(77.65)
	9.36b
(87.11)
	10.31b
(105.80)

	T5
	Beauveria bassiana 5% WP
	14.05
(196.90)
	13.94ab
(193.82)
	10.15a
(102.52)
	8.39a
(69.89)
	6.15a
(37.32)
	9.66a
(92.82)
	12.29a
(150.54)
	11.96a
(142.54)
	9.14a
(83.04)
	8.21a
(66.90)
	4.17a
(16.89)
	8.37a
(69.56)
	9.01a
(80.68)

	T6
	Lecanicillium lecanii 1.15 % WP
	14.30
(203.99)
	13.83ab
(190.77)
	10.06a
(100.70)
	7.79a
(60.18)
	6.05a
(36.10)
	9.43a
(88.42)
	12.19a
(148.10)
	11.63a
(134.76)
	9.01a
(80.68)
	8.09a
(64.95)
	4.00a
(15.50)
	8.19a
(66.58)
	8.81a
(77.12)

	T7
	Metarhizium anisopliae 1.15 % WP
	14.16
(200.01)
	13.90ab
(192.71)
	10.09a
(101.31)
	8.11a
(65.27)
	6.11a
(36.83)
	9.55a
(90.70)
	12.33a
(151.53)
	12.18a
(147.85)
	9.05a
(81.40)
	8.17a
(66.25)
	4.04a
(15.82)
	8.36a
(69.39)
	8.96a
(79.78)

	T8
	Control
	14.48
(209.17)
	15.96b
(254.22)
	17.51d
(306.10)
	18.01e
(323.86)
	18.42e
(338.80)
	17.47d
(304.70)
	22.01b
(483.94)
	22.64b
(512.07)
	23.40c
(547.06)
	24.14c
(582.24)
	24.25d
(587.56)
	23.61d
(556.93)
	20.54d
(421.39)

	S. Em. ±                                             Treatment(T)
	0.81
	0.74
	0.64
	0.63
	0.60
	0.32
	0.70
	0.68
	0.60
	0.58
	0.51
	0.30
	0.22

	Period(P)
	-
	-
	-
	-
	-
	0.22
	-
	-
	-
	-
	-
	0.21
	0.15

	Spray (S)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.11

	T×P
	-
	-
	-
	-
	-
	0.64
	-
	-
	-
	-
	-
	0.59
	0.43

	T×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.31

	P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.22

	T×P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.61

	F test (T)
	NS
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.

	CV (%)
	9.80
	9.39
	9.12
	9.71
	9.88
	9.25
	9.06
	9.25
	9.06
	9.16
	9.44
	9.18
	9.21


Notes: 1. Figures in parentheses are retransformed values and those outside are √𝑥 + 0.5 transformed values 
               2. Treatment mean(s) with letter(s) in common are not significantly differed by DNMRT at 5% level of significance
         3. Significant parameters and its interaction: P and T x P
      4. Significant parameters and its interaction: P, S, S x P and T x P
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Overall mean value of first and second spray:
Overall pooled data (Table 3) indicated that the highest reduction in aphid population was obtained in the treatment of L. lecanii (77.12 aphids/cob), which was at par with M. anisopliae (79.78) and B. bassiana (80.68). Neem oil exhibited 96.13 aphids per cob, which was moderate to Azadirachtin 105.80 aphids per cob. The highest aphid population was found in the control (421.39), while treatments like garlic bulb extract (154.50) and neem seed kernel extract (150.30) less effective in reducing aphid population. L. lecanii, M. anisopliae and B. bassiana were determined to be the most efficient of the studied biopesticides. Neem oil and azadirachtin were found moderately successful. However, it was revealed that garlic bulb extract and neem seed kernel extract were less efficient against aphids. The order of bio-pesticides as per reduction in aphid population was L. lecanii>M. anisopliae>B. bassiana> neem oil >Azadirachtin> neem seed kernel extract > garlic bulb extract. Present investigation is in agreement with report of Patil et al. (2015), who found that M. anisopliae was at par with L. lecanii and B. bassiana in terms of the minimal (4.99 and 20.67) number of aphids/shoot/plant in wheat. According to Kumar et al. (2020), M. anisopliae, B. bassiana, and azadirachtin had fewer aphid population per shoot and were statistically equal in terms of their effectiveness on barley crop. Patel, (2021) observed that L. lecanii found most effective among tested biopesticides against aphid, R. maidis. All of these reports are support the conclusion of the present research.
Toxicity of biopesticides to coccinellid grubs and adults in maize
The population of predatory coccinellids was also recorded while recording the population of aphids on maize. Data on population of coccinellids recorded in plots treated with different biopesticides are presented in Table 4. There was non-significant difference among the treatments and all the treatments registered more or same number of coccinellids when recorded at specific time intervals in both spray on maize (tassel and cob).
On Tassel (Grubs of coccinellids)
Effect of biopesticides on grubs of coccinellids population after first spray 
In comparison to other treatments, neem oil observed the higher reduction in grub population on the first day after spraying (1.22 grubs/tassel). However, all of the treated plots found a small decrease in grub population compared to the control. The third day after spraying revealed that the highest amount of grubs (2.09) observed in azadirachtin from any of the evaluated biopesticides. Neem seed kernel extract and garlic bulb extract registered significantly lower 1.90 and 1.87 grubs/tassel, respectively, and were at par with each other. L. lecanii (1.22), M. anisopliae (1.30), and B. bassiana (1.38) were significantly at par with each other. The lowest (1.09) population of grubs was noticed in the treatment of Neem oil. Grub population found drastically decreased in all treated plots compared to control at seven days after spraying. The grub population in azadirachtin was the highest (1.90), followed by neem seed kernel extract (1.87) and garlic bulb extract (1.78). The L. lecanii treatment noticed the lowest number of grubs per tassel (0.71), followed by M. anisopliae (0.80), B. bassiana (0.80), and neem oil (1.04). Observations made at ten days after spraying, neem seed kernel extract and azadirachtin recorded 1.66 and 1.84 grubs per tassel, respectively. These treatments were found to be less harmful to the grub population of coccinellids than other treatments. Neem oil and garlic bulb extract treatments resulted in 0.94 and 1.32 grubs per tassel, respectively. The significantly the least (0.54 grubs/tassel) population of grub was noticed in the treatment of L. lecanii followed by M. anisopliae and B. bassiana. Data of pooled over periods presented in Table 4 indicated that the maximum grub population (1.96 grubs/tassel) was found in azadirachtin and neem seed kernel extract, which was at par with garlic bulb extract (1.75). Population of the predator was lower in L. lecanii (1.16), M. anisopliae (1.19), B. bassiana (1.30) and neem oil (1.06).
Effect of biopesticides on grubs of coccinellids population after second spray 
The lowest population of grubs was observed on the first day after spray in neem oil (0.96 grubs/tassel) compared to other treated plots.  Neem seed kernel extract (1.66) and azadirachtin (1.49) found to be relatively safe to predator among the studied bio-pesticides at the third day after spraying. Plots treated with garlic bulb extract exhibited 1.40 grubs/tassel. L. lecanii registered the lowest grub population (0.75), followed by M. anisopliae (0.80), B. bassiana (0.85), and neem oil (0.87). Grub population drastically decreased in all the treated plots compared to control at seven days after spraying. Azadirachtin (1.43) and neem seed kernel extract reported 1.63 grubs/tassel and safe for predatory grubs.  Neem oil (0.75) and garlic extract (1.22) found to be moderately harmful to the grub population. L. lecanii resulted in the greatest reduction in grub population (0.54), followed by M. anisopliae (0.60) and B. bassiana (0.64). More or less similar trend of treatment effect was noticed at ten days after spaying in which neem seed kernel extract (1.52) and azadirachtin (1.38) found relatively safe while, neem oil and garlic bulb extract were moderately safe as treatments. L. lecanii had significantly lower grub population, which was followed by M. anisopliae and B. bassiana. Average values calculated for first spray revealed that significantly less number of coccinellids observed in L. lecanii (0.78) and it was at par with neem oil (0.82), M. anisopliae (0.87) and B. bassiana (0.87). Neem seed kernel extract recorded more grubs per tassel (1.63), followed by azadirachtin (1.46) and garlic bulb extract (1.32).
Overall mean value of first and second spray:
Neem seed kernel extract, azadirachtin and garlic bulb extract had the significantly higher number of coccinellids (Table 4) population among the bio-pesticides that had been studied (1.78, 1.69 and 1.52 grubs/tassel). M. anisopliae (1.01) and B. bassiana (1.06) were found to be at par with each other. Neem oil had the greatest impact on grub population of coccinellids reduction (0.92), followed by L. lecanii (0.94). Neem seed kernel extract, azadirachtin and garlic bulb extract were relatively less hazardous to the grub population. B. bassiana and M. anisopliae observed to be toxic. Neem oil and L. lecanii noticed to be extremely toxic. The chronological order of bio-pesticides based on safety to grubs was neem seed kernel extract >Azadirachtin> garlic bulb extract>M. anisopliae>B. bassiana>L. lecanii>neem oil.






Table 4: Toxic effect of biopesticides to coccinellid grubs on maize tassel 
	
Tr. No.
	
Treatments
	No. of coccinellid (grubs)/ tassel at indicated days after spray

	
	
	Before spray
	First spray
	Second spray
	Pooled over periods and spray

	
	
	
	1
	3
	7
	10
	Pooled
	Before spray
	1
	3
	7
	10
	Pooled
	

	T1
	Neem Seed Kernel Extract, 5%
	1.67
(2.29)
	1.64b
(2.19)
	1.55bcd
(1.90)
	1.54b
(1.87)
	1.53c
(1.84)
	1.57b
(1.96)
	1.55
(1.90)
	1.50bc
(1.75)
	1.47c
(1.66)
	1.46c
(1.63)
	1.42c
(1.52)
	1.46b
(1.63)
	1.51c
(1.78)

	T2
	Neem oil, 1%
	1.72
(2.46)
	1.31a
(1.22)
	1.26a
(1.09)
	1.24a
(1.04)
	1.20ab
(0.94)
	1.25a
(1.06)
	1.58
(2.00)
	1.21a
(0.96)
	1.17ab
(0.87)
	1.12ab
(0.75)
	1.10ab
(0.71)
	1.15a
(0.82)
	1.19a
(0.92)

	T3
	Garlic bulb extract, 5%
	1.69
(2.36)
	1.59b
(2.03)
	1.54bcd
(1.87)
	1.51b
(1.78)
	1.35bc
(1.32)
	1.50b
(1.75)
	1.46
(1.63)
	1.42ab
(1.52)
	1.38bc
(1.40)
	1.31bc
(1.22)
	1.29bc
(1.16)
	1.35b
(1.32)
	1.42c
(1.52)

	T4
	Azadirachtin 0.15 % EC
	1.71
(2.42)
	1.65b
(2.22)
	1.61cd
(2.09)
	1.55b
(1.90)
	1.47c
(1.66)
	1.57b
(1.96)
	1.54
(1.87)
	1.44ab
(1.57)
	1.41c
(1.49)
	1.39c
(1.43)
	1.37c
(1.38)
	1.40b
(1.46)
	1.48c
(1.69)

	T5
	Beauveria bassiana 5% WP
	1.82
(2.81)
	1.79b
(2.70)
	1.37abc
(1.38)
	1.14a
(0.80)
	1.08a
(0.67)
	1.34a
(1.30)
	1.46
(1.63)
	1.45ab
(1.60)
	1.16ab
(0.85)
	1.07a
(0.64)
	1.00a
(0.50)
	1.17a
(0.87)
	1.25b
(1.06)

	T6
	Lecanicillium lecanii 1.15 % WP
	1.73
(2.49)
	1.71b
(2.42)
	1.31ab
(1.22)
	1.10a
(0.71)
	1.02a
(0.54)
	1.29a
(1.16)
	1.48
(1.69)
	1.46ab
(1.63)
	1.12a
(0.75)
	1.02a
(0.54)
	0.92a
(0.35)
	1.13a
(0.78)
	1.20ab
(0.94)

	   T7
	Metarhizium anisopliae 1.15 % WP
	1.69
(2.36)
	1.68b
(2.32)
	1.34ab
(1.30)
	1.14a
(0.80)
	1.06a
(0.62)
	1.30a
(1.19)
	1.53
(1.84)
	1.49b
(1.72)
	1.14a
(0.80)
	1.05a
(0.60)
	0.99a
(0.48)
	1.17a
(0.87)
	1.23b
(1.01)

	T8
	Control
	1.65
(2.22)
	1.66b
(2.26)
	1.68d
(2.32)
	1.75b
(2.56)
	1.78d
(2.67)
	1.72c
(2.46)
	1.79
(2.70)
	1.77c
(2.63)
	1.82d
(2.81)
	1.92d
(3.19)
	2.11d
(3.95)
	1.90c
(3.11)
	1.81d
(2.78)

	S. Em. ±                                        Treatment (T)
	0.09
	0.09
	0.08
	0.08
	0.07
	0.04
	0.08
	0.08
	0.07
	0.07
	0.07
	0.04
	0.02

	Period(P)
	-
	-
	-
	-
	-
	0.03
	-
	-
	-
	-
	-
	0.03
	0.01

	Spray (S)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.01

	T×P
	-
	-
	-
	-
	-
	0.08
	-
	-
	-
	-
	-
	0.07
	0.05

	T×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.03

	P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.02

	T×P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.07

	F test (T)
	NS
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	NS
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.

	CV (%)
	9.09
	9.38
	9.51
	9.49
	9.67
	9.10
	9.37
	9.41
	9.05
	9.37
	9.06
	9.13
	9.24


Notes: 1. Figures in parentheses are retransformed values and those outside are √𝑥 + 0.5 transformed values 
                  2. Treatment mean(s) with letter(s) in common are not significantly differed by DNMRT at 5% level of significance
         3. Significant parameters and its interaction: P and T x P



      4. Significant parameters and its interaction: P, S, S x P and T x P
On Tassel (Adult of coccinellids)
Effect of biopesticides on adult of coccinellids population after first spray 
Adult population was found somewhat decreased in all of the treated plots compared to the control on the first day after spraying (Table 5). However, it was determined that no treatment was significant when compared to each other. Observations recorded at the third day after spraying, neem oil (2.67 adults/tassel) and neem seed kernel extract (2.60) had the maximum adult population among the evaluated bio-pesticides. These treatments found to be less toxic for adults. The treatment of garlic bulb extract (1.93) and azadirachtin (2.36) found relatively more toxic to adult population. L. lecanii revealed the lowest adult population (1.19), followed by M. anisopliae (1.35) and B. bassiana (1.46). Highest adult population was observed in neem seed kernel extract (2.56) and neem oil (2.49) seven days after spray. Azadirachtin (1.90) and garlic bulb extract (1.54) found to be relatively more toxic and equally effective. L. lecanii treatment revealed a minimum population of 0.80 adults per tassel, followed by M. anisopliae (1.04) and B. bassiana (1.16). Neem seed kernel extract (2.53) was recorded highest adult population and at par with neem oil (2.42) at ten days after spraying. These treatments found to be less harmful for adults. Treatments with garlic bulb extract and azadirachtin produced 1.19 and 1.38 adults per tassel, respectively. The significantly maximum reduction (0.52) in population of adults was noticed in L. lecanii which was at par with M. anisopliae (0.54) and B. bassiana (0.87).
Pooled data (Table 5) computed for periods and sprays revealed that there were noticeable changes between the various bio-pesticide-treated plots and control. From different treated plots, neem seed kernel extract had the highest adult population (2.60), which was at par with neem oil (2.53). The treatment of garlic bulb extract (1.90) and azadirachtin (2.03) recorded toxic to adults of lady bird beetles. The treatment of L. lecanii had the lowest population and it was at par with M. anisopliae and B. bassiana.
Effect of biopesticides on adult of coccinellids population after second spray 
The adult population was observed marginally decreased in all treated plots compared to control on the first day after spray. However, it was determined that no treatment was noteworthy when compared to any other. More adult population (2.53 adults/tassel) was observed in neem oil on the third day after spraying compared to neem seed kernel extract (2.22). The adult population was found to be relatively toxic when treated with azadirachtin (1.96) and garlic bulb extract (2.09). L. lecanii treated plot revealed the lowest population of adult (1.09), followed by B. bassiana (1.11) and M. anisopliae (1.19). The higher adult population was found in neem oil (2.39) and neem seed kernel extract (1.96), among the evaluated bio-pesticides, at seven days after spraying. Garlic bulb extract (1.49) were comparable to azadirachtin (1.66). The treatment of L. lecanii observed the lowest adult population (0.52), followed by M. anisopliae (0.58) and B. bassiana (0.60), both of which were found extremely toxic. Observations recorded at 







	
Tr. No.
	
Treatments
	No. of coccinellid (adults)/tassel at indicated days after spray

	
	
	Before spray
	First spray
	Before spray
	Second spray
	Pooled over periods and spray

	
	
	
	1
	3
	7
	10
	Pooled
	
	1
	3
	7
	10
	Pooled
	

	T1
	Neem Seed Kernel Extract, 5%
	1.81
(2.78)
	1.79
(2.70)
	1.76c
(2.60)
	1.75de
(2.56)
	1.74c
(2.53)
	1.76c
(2.60)
	1.75
(2.56)
	1.69
(2.36)
	1.65bc
(2.22)
	1.57bc
(1.96)
	1.53bc
(1.84)
	1.61bc
(2.09)
	1.68c
(2.32)

	T2
	Neem oil, 1%
	1.83
(2.85)
	1.76
(2.60)
	1.78c
(2.67)
	1.73de
(2.49)
	1.71c
(2.42)
	1.74c
(2.53)
	1.76
(2.60)
	1.75
(2.56)
	1.74bc
(2.53)
	1.70cd
(2.39)
	1.69c
(2.36)
	1.72c
(2.46)
	1.73c
(2.49)

	T3
	Garlic bulb extract, 5%
	1.92
(3.19)
	1.91
(3.15)
	1.56abc
(1.93)
	1.43bc
(1.54)
	1.30b
(1.19)
	1.55b
(1.90)
	1.70
(2.39)
	1.64
(2.19)
	1.61b
(2.09)
	1.41b
(1.49)
	1.39b
(1.43)
	1.51b
(1.78)
	1.53b
(1.84)

	T4
	Azadirachtin 0.15 % EC
	1.77
(2.63)
	1.74
(2.53)
	1.69bc
(2.36)
	1.55cd
(1.90)
	1.37b
(1.38)
	1.59b
(2.03)
	1.67
(2.29)
	1.66
(2.26)
	1.57b
(1.96)
	1.47ab
(1.66)
	1.34b
(1.30)
	1.50b
(1.75)
	1.54b
(1.87)

	T5
	Beauveria bassiana 5% WP
	1.93
(3.22)
	1.79
(2.70)
	1.40ab
(1.46)
	1.29abc
(1.16)
	1.17ab
(0.87)
	1.41a
(1.49)
	1.65
(2.22)
	1.63
(2.16)
	1.27a
(1.11)
	1.05a
(0.60)
	0.99a
(0.48)
	1.23a
(1.01)
	1.32a
(1.24)

	T6
	Lecanicillium lecanii 1.15 % WP
	1.94
(3.26)
	1.93
(3.22)
	1.30a
(1.19)
	1.14a
(0.80)
	1.01a
(0.52)
	1.34a
(1.30)
	1.69
(2.36)
	1.67
(2.29)
	1.26a
(1.09)
	1.01a
(0.52)
	0.97a
(0.44)
	1.22a
(0.99)
	1.29a
(1.16)

	T7
	Metarhizium anisopliae 1.15 % WP
	1.91
(3.15)
	1.79
(2.70)
	1.36a
(1.35)
	1.24ab
(1.04)
	1.02a
(0.54)
	1.36a
(1.35)
	1.66
(2.26)
	1.65
(2.22)
	1.30a
(1.19)
	1.04a
(0.58)
	0.98a
(0.46)
	1.24a
(1.04)
	1.30a
(1.19)

	T8
	Control
	1.80
(2.74)
	1.81
(2.78)
	1.83c
(2.85)
	1.85e
(2.92)
	1.87c
(3.00)
	1.84c
(2.89)
	1.89
(3.07)
	1.89
(3.07)
	1.92c
(3.19)
	1.95d
(3.30)
	1.98d
(3.42)
	1.94d
(3.26)
	1.89d
(3.07)

	S. Em.±                                            Treatment (T)
	0.10
	0.10
	0.09
	0.08
	0.08
	0.04
	0.10
	0.09
	0.08
	0.08
	0.08
	0.04
	0.03

	Period(P)
	-
	-
	-
	-
	-
	0.03
	-
	-
	-
	-
	-
	0.03
	0.02

	Spray (S)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.01

	T×P
	-
	-
	-
	-
	-
	0.08
	-
	-
	-
	-
	-
	0.08
	0.06

	T×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.04

	P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.03

	T×P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.08

	F test (T)
	NS
	NS 
	Sig.
	Sig.
	Sig.
	Sig.
	NS
	NS
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.

	CV (%)
	9.02
	9.26
	9.51
	9.10
	9.73
	9.23
	9.61
	9.25
	9.07
	9.49
	9.59
	9.06
	9.16


Table 5: Toxic effect of biopesticides to coccinellid adults on maize tassel 
Notes: 1. Figures in parentheses are retransformed values and those outside are √𝑥 + 0.5 transformed values 
               2. Treatment mean(s) with letter(s) in common are not significantly differed by DNMRT at 5% level of significance
               3. Significant parameters and its interaction: P and T x P
               4. Significant parameters and its interaction: P, S, S x P and T x P

10 days after spraying, Neem oil recorded 2.36 adults per tassel and it was at par with neem seed kernel extract (1.84). Azadirachtin and garlic bulb extract registered at par with each another. Population of coccinellid adults found to be reduced significantly in L. lecanii followed by M. anisopliae and B. bassiana. 
Mean values computed for second spray (Table 5) revealed that the more adult population was found in neem seed kernel extract and neem oil. Azadirachtin (1.75 adults/tassel) and garlic bulb extract (1.78) were noticed toxic to adult population. Significantly maximum adverse effect was found in L. lecanii as it registered minimum adults per tassel (0.99), followed by B. bassiana (1.01) and M. anisopliae (1.04).
Overall mean value of first and second spray:
Pooled data (Table 5) calculated for overall revealed that neem oil (2.49) had the maximum number of adults per tassel, followed by neem seed kernel extract (2.32), azadirachtin (1.87) and garlic bulb extract (1.84), which were found moderately negative impact on aphid population. Maximum numbers of coccinellid adults were decreased in plots treated with L. lecanii (1.16), which was at par with M. anisopliae (1.19) and B. bassiana (1.24).
Among the seven biopesticides evaluated neem oil and neem seed kernel extract found relatively less hazardous to adult population. It was observed that azadirachtin and garlic extract were moderately harmful. L. lecanii, M. anisopliae, and B. bassiana were observed extremely toxic. Neem oil followed by neem seed kernel extract, azadirachtin, garlic bulb extract, B. bassiana, M. anisopliae and L. lecanii, all of which considered to be safe for use on adults. The chronological order of bio-pesticides based on safety to adults was neem oil > neem seed kernel extract >Azadirachtin> garlic bulb extract >B. bassiana>M. anisopliae>L. lecanii.
On Cob (Grubs of coccinellids)
Effect of biopesticides on grubs of coccinellids population after first spray 
Neem oil (1.04 grubs/cob) and garlic bulb extract (1.57) both achieved maximum reduction in grub population on the first day after spray (Table 6). The grub population was dramatically reduced in all the treated plots compared to the control at third day after spray. Azadirachtin showed the least reduction in grub population (1.72), followed by neem seed kernel extract (1.66) and garlic bulb extract (1.43). Neem oil found maximum grub reduction (0.99), followed by L. lecanii (1.11), M. anisopliae (1.11) and B. bassiana (1.24). Data collected at seven days after spraying showed that azadirachtin and neem seed kernel extract registered the highest grub population (1.66) among the investigated bio-pesticides. The treatment of garlic bulb extract indicate 1.30 grubs/cob. Neem oil recorded the lowest population of grubs (0.92) than L. lecanii (0.94), M. anisopliae (1.01) and B. bassiana (1.04). Observations recorded at ten days after spraying, Azadirachtin recorded 1.63 grubs/cob which was at par with neem seed kernel extract. Neem oil and garlic bulb extract noticed 1.27 and 0.87 grubs per cob, respectively. In terms of grub population density, L. lecanii treated plot observed the lowest population (0.52), followed by M. anisopliae (0.58) and B. bassiana (0.67).

 
Table 6: Toxic effect of biopesticides against coccinellid grubs on maize cob 
	
Tr. No.
	
Treatments
	No. of coccinellid (grubs)/cob at indicated days after spray

	
	
	
Before spray
	
First spray
	
Before spray
	Second spray
	Pooled over periods and sprays

	
	
	
	1
	3
	7
	10
	Pooled
	
	1
	3
	7
	10
	Pooled
	

	T1
	Neem Seed Kernel Extract, 5%
	1.55
(1.90)
	1.50b
(1.75)
	1.47ab
(1.66)
	1.46bc
(1.63)
	1.43cd
(1.54)
	1.47c
(1.66)
	1.47
(1.66)
	1.44a
(1.57)
	1.41b
(1.49)
	1.48c
(1.69)
	1.47c
(1.66)
	1.45c
(1.60)
	1.46c
(1.63)

	T2
	Neem oil, 1%
	1.68
(2.32)
	1.24a
(1.04)
	1.22a
(0.99)
	1.19a
(0.92)
	1.17ab
(0.87)
	1.21a
(0.96)
	1.41
(1.49)
	1.25a
(1.06)
	1.24ab
(1.04)
	1.21ab
(0.96)
	1.19b
(0.92)
	1.22b
(0.99)
	1.22a
(0.99)

	T3
	Garlic bulb extract, 5%
	1.65
(2.22)
	1.44ab
(1.57)
	1.39ab
(1.43)
	1.34ab
(1.30)
	1.33bc
(1.27)
	1.37bc
(1.38)
	1.56
(1.93)
	1.43a
(1.54)
	1.40b
(1.46)
	1.38bc
(1.40)
	1.36bc
(1.35)
	1.39c
(1.43)
	1.38b
(1.40)

	T4
	Azadirachtin 0.15 % EC
	1.55
(1.90)
	1.51b
(1.78)
	1.49ab
(1.72)
	1.47bc
(1.66)
	1.46cd
(1.63)
	1.48c
(1.69)
	1.51
(1.78)
	1.46a
(1.63)
	1.44b
(1.57)
	1.46c
(1.63)
	1.45c
(1.60)
	1.45c
(1.60)
	1.47c
(1.66)

	T5
	Beauveria bassiana 5% WP
	1.69
(2.36)
	1.68b
(2.32)
	1.32a
(1.24)
	1.24ab
(1.04)
	1.08a
(0.67)
	1.33b
(1.27)
	1.50
(1.75)
	1.49ab
(1.72)
	1.10a
(0.71)
	1.05a
(0.60)
	0.86a
(0.24)
	1.12ab
(0.75)
	1.23a
(1.01)

	T6
	Lecanicillium lecanii 1.15 % WP
	1.66
(2.26)
	1.65b
(2.22)
	1.27a
(1.11)
	1.20a
(0.94)
	1.01a
(0.52)
	1.28ab
(1.14)
	1.47
(1.66)
	1.45a
(1.60)
	1.09a
(0.69)
	1.02a
(0.54)
	0.80a
(0.14)
	1.09a
(0.69)
	1.18a
(0.89)

	T7
	Metarhizium anisopliae 1.15 % WP
	1.58
(2.00)
	1.57b
(1.96)
	1.27a
(1.11)
	1.23a
(1.01)
	1.04a
(0.58)
	1.27ab
(1.11)
	1.46
(1.63)
	1.42a
(1.52)
	1.10a
(0.71)
	1.04a
(0.58)
	0.85a
(0.22)
	1.11a
(0.73)
	1.19a
(0.92)

	T8
	Control
	1.54
(1.87)
	1.55b
(1.90)
	1.60b
(2.06)
	1.65c
(2.22)
	1.67d
(2.29)
	1.62d
(2.12)
	1.73
(2.49)
	1.74b
(2.53)
	1.77c
(2.63)
	1.80d
(2.74)
	1.83d
(2.85)
	1.79d
(2.70)
	1.70d
(2.39)

	S. Em. ±                                 Treatment (T)
	0.08
	0.08
	0.08
	0.07
	0.07
	0.04
	0.08
	0.08
	0.07
	0.07
	0.07
	0.03
	0.03

	Period(P)
	-
	-
	-
	-
	-
	0.03
	-
	-
	-
	-
	-
	0.02
	0.02

	Spray (S)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.01

	T×P
	-
	-
	-
	-
	-
	0.08
	-
	-
	-
	-
	-
	0.07
	0.05

	T×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.04

	P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.03

	T×P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.07

	F test (T)
	NS
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	NS
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.

	CV (%)
	8.99
	9.10
	9.51
	9.32
	9.66
	9.44
	9.12
	9.21
	8.95
	9.03
	9.30
	8.99
	9.19


Notes: 1. Figures in parentheses are retransformed values and those outside are √𝑥 + 0.5 transformed values 
            2. Treatment mean(s) with letter(s) in common are not significantly differed by DNMRT at 5% level of significance
      3. Significant parameters and its interaction: P and T x P
      4. Significant parameters and its interaction: P, S, S x P and T x P




Data of pooled over period indicated that azadirachtin (1.69) found to be comparable to neem seed kernel extract (1.66). B. bassiana and garlic bulb extract registered 1.27 and 1.38 grubs per cob, respectively. The grub population in neem oil was lowest (0.96), followed by M. anisopliae (1.11) and L. lecanii (1.14).
Effect of biopesticides on grubs of coccinellids population after second spray 
Grub population was found to have somewhat decreased in all treated plots compared to control on the first day after spraying. A third day observation after spraying revealed that the maximum grub population was observed in azadirachtin (1.57), followed by neem seed kernel extract (1.49) and garlic bulb extract (1.46). L. lecanii treated plot found the lower grubs per cob (0.69), followed by M. anisopliae (0.71), B. bassiana (0.71) and neem oil (1.04). Seven days after spraying, the grub population was maximum grubs observed in neem seed kernel extract and azadirachtin (1.69), followed by garlic bulb extract (1.40). Neem oil treated plot observed 0.96 grubs per cob. L. lecanii (0.54) had the lowest population, followed by M. anisopliae (0.58) and B. bassiana (0.60). Maximum number of grubs were observed in the treatment of neem seed kernel extract (1.66) and azadirachtin (1.60) at ten days after spraying, while. Neem oil (0.92) and garlic bulb extract (1.35) were shown to be equally effective treatments. L. lecanii showed significantly higher reduction in grub population (0.14), followed by M. anisopliae (0.22) and B. bassiana (0.24).
Pooled over periods (Table 6) data revealed that amongst the biopesticides, neem seed kernel extract and azadirachtin both had significantly higher grub population than garlic bulb extract (1.43). Neem oil had a 0.99 grub/cob. L. lecanii (0.69), M. anisopliae (0.73) and B. bassiana (0.75) had the significantly maximum adverse effect was seen on population of coccinellid grubs.
Overall mean value of first and second spray:
The table of pooled over period and sprays (Table 6) revealed that azadirachtin (1.66) and neem seed kernel extract (1.63) recorded the highest grub population. The number of grubs were found to be marginally decreased after treatments with garlic bulb extract (1.40). Maximum detrimental effect was found in L. lecanii (0.89) treated plots, followed by M. anisopliae (0.92), neem oil (0.99), and B. bassiana (1.01). Azadirachtin, neem seed kernel extract and garlic bulb extract among the biopesticides that have been investigated and found that all were less hazardous to grub populations. Highly toxic biopesticides noticed L. lecanii, M. anisopliae, neem oil and B. bassiana. The chronological order based on safety to coccinellid grub population was, azadirachtin>neem seed kernel extract>garlic bulb extract>B. bassiana>neem oil>M. anisopliae>L. lecanii.
On Cob (Adults of coccinellids)
Effect of biopesticides on adults of coccinellids population after first spray 
The adult population was slightly lower in all the treated plots than in the control plots on the first day after spraying (Table 7), but there was no significant difference among the treatments. Observations made on the third day after spraying, neem seed kernel extract and azadirachtin recorded 2.32 and 2.26 adults/cob, respectively, which was the highest adult population among all treated plots. Neem oil (2.09) and garlic extract (2.06) were found equally effective. L. lecanii treated plot revealed the lowest 
Table 7: Toxic effect of biopesticides to coccinellid adults on maize cob 
	
Tr. No.
	
Treatments
	No. of coccinellid (adults)/cob at indicated days after spray

	
	
	Before spray
	First spray
	Before spray
	Second spray
	Pooled over periods and spray

	
	
	
	1
	3
	7
	10
	Pooled
	
	1
	3
	7
	10
	Pooled
	

	T1
	Neem Seed Kernel Extract, 5%
	1.75
(2.56)
	1.72
(2.46)
	1.68c
(2.32)
	1.67bc
(2.29)
	1.65c
(2.22)
	1.68b
(2.32)
	1.68
(2.32)
	1.67
(2.29)
	1.62b
(2.12)
	1.61bc
(2.09)
	1.59bc
(2.03)
	1.62cd
(2.12)
	1.65c
(2.22)

	T2
	Neem oil, 1%
	1.80
(2.74)
	1.62
(2.12)
	1.61bc
(2.09)
	1.60b
(2.06)
	1.59bc
(2.03)
	1.61b
(2.09)
	1.76
(2.60)
	1.75
(2.56)
	1.73b
(2.49)
	1.71c
(2.42)
	1.68c
(2.32)
	1.72d
(2.46)
	1.66c
(2.26)

	T3
	Garlic bulb extract, 5%
	1.77
(2.63)
	1.79
(2.70)
	1.60bc
(2.06)
	1.53b
(1.84)
	1.37ab
(1.38)
	1.57b
(1.96)
	1.64
(2.19)
	1.63
(2.16)
	1.53b
(1.84)
	1.43b
(1.54)
	1.38b
(1.40)
	1.49b
(1.72)
	1.53b
(1.84)

	T4
	Azadirachtin 0.15 % EC
	1.72
(2.46)
	1.69
(2.36)
	1.66c
(2.26)
	1.60bc
(2.06)
	1.57bc
(1.96)
	1.63b
(2.16)
	1.69
(2.36)
	1.66
(2.26)
	1.56b
(1.93)
	1.48bc
(1.69)
	1.43b
(1.54)
	1.53bc
(1.84)
	1.58bc
(2.00)

	T5
	Beauveria bassiana 5% WP
	1.84
(2.89)
	1.83
(2.85)
	1.35ab
(1.32)
	1.24a
(1.04)
	1.18a
(0.89)
	1.40a
(1.46)
	1.53
(1.84)
	1.54
(1.87)
	1.23a
(1.01)
	1.12a
(0.75)
	0.85a
(0.22)
	1.19a
(0.92)
	1.29a
(1.16)

	T6
	Lecanicillium lecanii 1.15 % WP
	1.74
(2.53)
	1.72
(2.46)
	1.31a
(1.22)
	1.20a
(0.94)
	1.13a
(0.78)
	1.34a
(1.30)
	1.59
(2.03)
	1.57
(1.96)
	1.22a
(0.99)
	1.11a
(0.71)
	0.83a
(0.19)
	1.18a
(0.89)
	1.26a
(1.09)

	T7
	Metarhizium anisopliae 1.15 % WP
	1.82
(2.81)
	1.81
(2.78)
	1.34a
(1.30)
	1.22a
(0.99)
	1.12a
(0.75)
	1.38a
(1.40)
	1.56
(1.93)
	1.55
(1.90)
	1.25a
(1.06)
	1.12a
(0.73)
	0.86a
(0.24)
	1.19a
(0.92)
	1.29a
(1.16)

	T8
	Control
	1.75
(2.56)
	1.76
(2.60)
	1.80c
(2.74)
	1.87c
(3.00)
	1.92d
(3.19)
	1.84c
(2.89)
	1.98
(3.42)
	1.99
(3.46)
	2.03c
(3.62)
	2.04d
(3.66)
	2.07d
(3.78)
	2.03e
(3.62)
	1.94d
(3.26)

	S. Em. ±                               Treatment (T)
	0.09
	0.09
	0.08
	0.08
	0.08
	0.04
	0.09
	0.09
	0.08
	0.08
	0.07
	0.04
	0.03

	Period(P)
	-
	-
	-
	-
	-
	0.03
	-
	-
	-
	-
	-
	0.03
	0.02

	Spray (S)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.01

	T×P
	-
	-
	-
	-
	-
	0.08
	-
	-
	-
	-
	-
	0.08
	0.06

	T×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.04

	P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.02

	T×P×S
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	0.08

	F test (T)
	NS
	NS
	Sig.
	Sig.
	Sig.
	Sig.
	NS
	NS
	Sig.
	Sig.
	Sig.
	Sig.
	Sig.

	CV (%)
	9.21
	9.04
	9.29
	9.25
	9.40
	8.97
	9.38
	9.29
	9.65
	9.18
	9.10
	9.07
	9.04


Notes: 1. Figures in parentheses are retransformed values and those outside are √𝑥 + 0.5 transformed values 
            2. Treatment mean(s) with letter(s) in common are not significantly differed by DNMRT at 5% level of significance
   3. Significant parameters and its interaction: P and T x P



   4. Significant parameters and its interaction: P, S, S x P and T x P
adult population (1.22), followed by M. anisopliae (1.30) and B. bassiana (1.32). More or less same trend was noticed at seven days after spraying. Ten days after spraying, neem seed kernel extract recorded the lower reduction in grub (2.22) and was at par with neem oil (2.03) and azadirachtin (1.96). Population of coccinellids adults reduced significantly in the plots treated with M. anisopliae (0.75), followed by L. lecanii (0.78) and B. bassiana (0.89).
Average values calculated for first spray revealed that significantly higher (1.96 to 2.32 adults/cob) numbers of coccinellids were registered in the plots sprayed with neem seed kernel extract, azadirachtin, neem oil and garlic bulb extract over rest of biopesticides. The treatment of L. lecanii recorded lowest population (1.30) followed by M. anisopliae (1.40) and B. bassiana (1.46). 
Effect of biopesticides on adults of coccinellids population after second spray 
The adult population was marginally decreased in all of the treated plots compared to the control on the first day after spray (Table 7). However, it was determined that no treatment was noteworthy when compared to any other. The highest number of adults were found in neem oil on the third day after spraying (2.49 adults/cob), followed by neem seed kernel extract (2.12), azadirachtin (1.93) and garlic bulb extract (1.84). When L. lecanii was applied, there were only 0.99 adult per cob, which was at par with B. bassiana and M. anisopliae. Seven days after spraying, neem oil (2.42) and neem seed kernel extract (2.09) had the minimum impact on adult population (2.42) among the pesticides under evaluated. Garlic bulb extract treated plot observed (1.54) and azadirachtin (1.69) found to be toxic to adult population. M. anisopliae and B. bassiana, with L. lecanii noticed lowest adult population of coccinellids. Adult population recorded at ten days after spray, neem oil had the highest population among the other treated plots, followed by neem seed kernel extract. Azadirachtin and garlic bulb extract found toxic to adult population (1.54 and 1.40 adults/cob), respectively. The maximum reduction (0.19) of adults was recorded in the treatment of L. lecanii followed by B. bassiana (0.22) and M. anisopliae (0.24).
The data of pooled over periods (Table 7) showed that neem oil had highest adult population (2.46) of any other plots. Neem seed kernel extract found 2.12 adults/cob. Azadirachtin (1.84) and garlic bulb extract (1.72) found to be equally effective. L. lecanii recorded the minimum population of adults (0.89), B. bassiana (0.92), M. anisopliae (0.92).
Overall mean value of first and second spray:
The data of pooled over periods and sprays (Table 7) indicated that neem oil and neem seed kernel extract had the higher adult population (2.26 adults/cob) among any treated plots. The treatment of garlic bulb extract and azadirachtin recorded 2.0 and 1.84 adults per cob, respectively. Maximum adult population reduction was observed in L. lecanii (1.09), which was at par with M. anisopliae (1.16) and B. bassiana (1.16). Neem oil and neem seed kernel extract found relatively less harmful to adults than the other evaluated biopesticides. Toxic substances also present in azadirachtin and garlic bulb extract. M. anisopliae, B. bassiana and L. lecanii, were noticed extremely toxic. The chronological order based on safety to LBB adult population was, neem oil > neem seed kernel extract>Azadirachtin>garlic bulb extract>L. lecanii>M. anisopliae>B. bassiana. As per report of Mollah (2013) lowest number of coccinellids found in neem oil compared to other treatments. Khan, 2015 found that neem oil was highly toxic by causing maximum egg and pupa (80% & 86.67%) mortality. Present findings more or less similar with these reports.

Impact of biopesticidal treatments on yield of maize
Significant differences in yield over control (Table 8) were noticed among the experimental plots. The treatment of L. lecanii produced the highest grain yield (5523 kg/ha), which was at par with M. anisopliae (5503 kg/ha) and B. bassiana (5462 kg grain/ha). The treatment of neem oil and azadirachtin produced 5019 and 4978 kg/ha, respectively. Neem seed kernel extract (4678 kg/ha) and garlic bulb extract (4626 kg/ha) produced the minimum yields in comparison to other treatments. L. lecanii produced significantly the highest fodder (7491 kg/ha), followed by M. anisopliae (7443 kg/ha) and B. bassiana (7244 kg/ha). Azadirachtin (6663 kg/ha) and neem oil (6852 kg/ha) gave significantly higher yield than the treatments of neem seed kernel extract (59851kg/ha) and garlic bulb extract (5943kg/ha). The chronological order of various biopesticides treatments in comparison to control based on yield was: L. lecanii>M. anisopliae>B. bassiana>neem oil>azadirachtin>neem seed kernel extract >garlic bulb extract > control.
  Table 8: Impact of different biopesticides on yield of maize
	Tr. No.
	Treatments
	Yield

	
	
	Grain (kg/ha)
	Increase in yield over control (%)
	Avoidable losses (%)
	Fodder
(kg/ha)

	T1
	Neem Seed Kernel Extract, 5%
	4678b
	77.70
	15.30
	5985b

	T2
	Neem oil, 1%
	5019ab
	90.67
	9.12
	6852ab

	T3
	Garlic bulb extract, 5%
	4626b
	75.75
	16.24
	5943b

	T4
	Azadirachtin 0.15 % EC
	4978ab
	89.13
	9.84
	6663ab

	T5
	Beauveria bassiana 5% WP
	5462a
	107.49
	1.11
	7244a

	T6
	Lecanicillium lecanii 1.15 % WP
	5523a
	109.82
	0
	7491a

	T7
	Metarhizium anisopliae 1.15 % WP
	5503a
	109.06
	0.36
	7443a

	T8
	Control
	2632c
	-
	52.34
	3794c

	S. Em. ±
	230
	-
	-
	305

	F test (T)
	Sig.
	-
	-
	Sig.

	CV (%)
	8.31
	-
	-
	8.23


   Note: Treatment mean(s) with letter(s) in common are not significantly differed by DNMRT at 5% level of significance
Increase in yield over control 



In all treated plots, the increase in yield over the control indicated significant differences 
(Table 8). It was noted that the increase in yield over control ranged from 75.75 to 109.82 per cent. The plots treated with L. lecanii (109.82 %) and garlic bulb extract showed the maximum and minimum yield, respectively compared to the control (75.75 %). The order of biopesticides 

Table 9: Economics of different biopesticides against aphid, R. maidis infesting maize
	Tr. No.
	Treatments
	Quantity of Material required for two applications     (kg or l/ha)
	Price     (₹/ kg or
litre)
	Cost of insecticide
(₹/ha)
	Labour Cost
(₹/ha)
	Total cost
(₹/ha)
	Yield (kg/ha)
	Net gain over control (kg/ha)
	Realization
(₹/ha)
	Net profit (₹/ha)
	ICBR

	
	
	
	
	
	
	
	Grain
	Fodder
	Grain
	Fodder
	
	
	

	T1
	Neem Seed Kernel Extract, 5%
	50
	50
	2500
	2465
	4965
	4678
	5985
	2046
	2191
	41282.50
	36317.5
	1: 8.31

	T2
	Neem oil, 1%
	10
	600
	6000
	2465
	8465
	5019
	6852
	2387
	3058
	49417.50
	40952.5
	1: 5.84

	T3
	Garlic bulb extract, 5%
	50
	100
	5000
	2465
	7465
	4626
	5943
	1994
	2149
	40267.50
	32802.5
	1: 5.39

	T4
	Azadirachtin 0.15 % EC
	10
	600
	6000
	2465
	8465
	4978
	6663
	2346
	2869
	48227.50
	39762.5
	1: 9.91

	T5
	Beauveria bassiana 5% WP
	4
	880
	3520
	2465
	5985
	5462
	7244
	2830
	3450
	58150.00
	52165
	1: 9.72

	T6
	Lecanicillium lecanii 1.15 % WP
	4
	880
	3520
	2465
	5985
	5523
	7491
	2891
	3697
	59835.00
	53850
	1: 10.00

	T7
	Metarhizium anisopliae 1.15 % WP
	4
	880
	3520
	2465
	5985
	5503
	7443
	2871
	3649
	59365.00
	53380
	1: 9.92

	T8
	Control
	-
	-
	-
	-
	-
	2632
	3794
	0
	0
	-
	-
	-

	Note: 1. Labour charges: Semiskilled - ₹ 348.20/- per day x 2 labours = 696.40 ₹ /ha, Farm labour - ₹ 268/- per day x 2 labour = 536 ₹ /ha, Labour cost per spray= 1232.40 ₹ /ha, Total labour cost = 2465 ₹/ha for 2 sprays 2. Price of maize grain = ₹ 17.50 per kg, Price of maize fodder = ₹  2.50 per kg





treatments in recording per cent increase in yield over control was: L. lecanii (109.82%) >
M. anisopliae (109.06%) >B. bassiana (107.49%) >neem oil (90.67%) >azadirachtin (89.13%) >neem seed kernel extract (77.70%) >garlic bulb extract (75.75%).
Avoidable loss
Variations in avoidable loss observed among all treated plots and presented in Table 8. Avoidable loss for grain yield ranged between 0.00 to 16.24. There was no loss found in plots treated with L. lecanii and maximum losses found in garlic bulb extract (16.24%). 
Economics 
The economics of various treatments (Table 9) against aphid infesting maize revealed that the highest realization was obtained the treatment of L. lecanii 1.15% WP (59835 ₹/ha) followed by M. anisopliae (59365 ₹/ha), B. bassiana 1.15%WP (58150 ₹/ha). The lowest realization was obtained with garlic bulb extract 5% WP (40267.5 ₹/ha) followed by neem seed kernel extract 5% (41282.5 ₹/ha). The highest ICBR obtained in the treatment of L. lecanii 1.15% WP (1: 10.00) followed by M. anisopliae 1.15% WP (1: 9.92), azadirachtin 0.15% EC (1: 9.91) and B. bassiana 1.15% WP (1: 9.72). The lowest ICBR obtained in the treatment of garlic bulb extract 5% (1: 5.39) and neem oil 1% (1: 5.84).
Conclusion 
From the above result, it can be concluded that on the basis of the effectiveness among the tested biopesticides on aphids the best result in controlling the aphid population were obtained with the treatment of L. lecanii, M. anisopliae and B. bassiana and proved to be the most effective treatments. Based on safety to LBB population, neem seed kernel extract and azadirachtin for grub and neem oil and neem seed kernel extract found relatively less hazardous to LBB adult population compared to other treatments.
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