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ABSTRACT

The present investigation was carried out in the Instructional Farm of S.K.N. College of Agriculture,
Jobner (Jaipur), Rajasthan, India, during the Kharif season of 2024 and 2025 under field conditions. The
toxicity of biorational insecticides was assessed on the basis of the population of natural enemies. Since
the ladybird beetle and spiders have been recorded as the major natural enemies in the cowpea
ecosystem. The pooled data on the toxic impact of biorational insecticides on the population of natural
enemies revealed that all the insecticides were found to be more or less toxic up to three days of
treatment. The minimum population of natural enemies was recorded in fipronil 5 SC and spiromesifen
22.9 SC, which proved highly toxic. The flubendiamide 39.35 SC, chlorantraniliprole 18.5 SC, spinosad
45 SC and emamectin benzoate 5 SG treated plots resulted in the middle order to express toxic effects on
the natural enemies. The maximum population of natural enemies was recorded in NSKE 5%, and
azadirachtin 0.03 EC proved least toxic, followed by M. anisopliae 1.15 WP and L. lecanii 1.15 WP.

These treatments were statistically at par with each other.
Keywords : Biorational, natural enemies, toxicity, field conditions.

Introduction

Cowpea, Vigna unguiculata (L.) Walp. is one of
the important kharif pulse crops in India, referred to as
Lobia. It serves as a valuable source of protein,
significantly more than cereals, which is important for
nutritional security, especially in vegetarian diets and
rural households. It has been referred to as “Poor
man’s meat” because of its high protein content, viz.,
20- 25 per cent (Sabale et al., 2018). In recent years, it
has been included in the food security programme of
different countries. In India, pulses occupied nearly
27.72 million hectares area with a production of 25.68
million tonnes during the year 2024-2025. Cowpea
covered about 1.5 million hectares with an annual
production of 0.5 million tonnes, contributing
marginally to the total pulse basket (Anonymous,
2025a). The area under pulses in Rajasthan was 5.41
million hectares, with the production to the tune of
3.93 million tonnes with an average productivity of
727 kg/ha; whereas, cowpea covered an area of 0.45
lakh ha with a production of 0.39 lakh tonnes and

productivity of 857 kg/ha (Anonymous, 2025b). The
major growing districts of Rajasthan are Sikar,
Jhunjhunu, Nagaur, Jodhpur, Jalore, Ajmer, Jaipur,
Churu, Pali, Bikaner and Barmer.

The losses in grain or foliage of cowpea range
from 20 to 100 per cent due to field insect pests. As
many as 21 insect pests of different groups were
observed on cowpea during the summer and kharif
seasons. Among various insect pests, cowpea aphid,
Aphis craccivora Koch., leafthopper, Emposca kerri
Pruthi, whitefly, Bemisia tabaci Genn., pod borer,
Helicoverpa armigera Hubner and spotted pod borer,
Maruca vitrata Fabricius are potential pests causing
considerable damage (Choudhary et al., 2021 and
Yadav et al., 2025). Because natural enemies are key
to controlling pest populations, any harm to their
survival or activity can disturb the ecological balance
in crop systems. Understanding how biorational
insecticides impact these beneficial species is therefore
crucial for developing sustainable and effective pest
management practices.
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Materials and Methods

The experiment was laid out in a simple
Randomized block design (RBD) with eleven
treatments, including an untreated control (Table 2.1)
and each treatment was replicated thrice. The plot size

Table 1: Test insecticides used for treatment imposition

Impact of biorational insecticides on the population of natural enemies in cowpea under field conditions

was 3 m x 2 m* with row-to-row and plant-to-plant
distances of 30 cm and 10 cm, respectively. The
variety CPD-119 was sown in the 2" week of July,
2024 and 2025. The recommended package of
practices was followed to raise the crop.

Tr No. Treatment Dose_ Formulation dose Conc. (%)/ Doses
(gor mla.i./ha)] (gmor ml/ ha) (gm or ml)

T, | Chlorantraniliprole 18.5 SC 30 160 0.006 %
T, | Emamectin benzoate 5 SG 10 200 0.002 %
Tz | Spinosad 45 SC 75 165 0.014 %
T, | Flubendiamide 39.35 SC 48 120 0.009 %
Ts | Spiromesifen 22.9 SC 120 524 0.024 %
Te¢ | Azadirachtin 0.03 EC - 2500 5ml/L
T; | NSKE (lab prepared) - - 5 ml/L
Tg | Metarhizium anisopliae 1.15 WP (2 x 108 CFU/gm) - 2500 5g/L
To | Lecanicillium. lecanii 1.15 WP (2 x 10® CFU/gm) - 2500 5g/L
Ty |Fipronil 5SC 50 1000 0.01%
Ty | Untreated control - - -

NSKE = Neem seed kernel extract

The population of ladybird beetles and spider on ~ Where,

cowpea crop were recorded from five randomly
selected and tagged plants in each plot at a weekly
interval from their appearance till harvesting of the
crop. The observation was recorded one day before
application (pre-treatment population) and one, three,
seven and ten days after application (post-treatment
population) of insecticides in both the sprays. The per
cent reduction in the population of major insect pests
was calculated by using Henderson and Tilton's (1955)
formula, which is a modification of Abbott's formula
(1925) and subjected to analysis of variance.

TaxCh

Per cent reduction = (1 R S——
ThxCa

)xlOO

Ta = Insect population in treated plants after treatment

Th = Insect population in treated plants before
treatment

Ca = Insect population in the control plot after
treatment

Cb = Insect population in control plots before
treatment

The data were subjected to statistical analysis after
transforming the percentage reduction in the insect
pests population of cowpea into angular transformation
values (Bliss, 1937).

Plate 1 : Spider on cowpea crop
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Results and Discussion

Impact of biorational insecticides on the population
of coccinellids Kharif, 2024

The data on Ladybird beetle population during the
Kharif, 2024, are presented in Table 2.

First spray

One day after spraying, fipronil recorded the
highest reduction in coccinellid population (69.21%),
followed by spiromesifen (63.75%). Flubendiamide
(56.62%) and chlorantraniliprole (54.42%) were
statistically at par and exhibited high toxicity.
Emamectin benzoate (45.36%) and spinosad (44.52%)
showed moderate toxicity, whereas L. lecanii (26.58%)
and  Metarhizium anisopliae  (24.42%)  were
comparatively safer and at par with each other. The
lowest reduction was recorded in azadirachtin
(17.29%) and NSKE (12.74%), indicating their relative
safety to coccinellids.

A similar trend of per cent reduction in coccinellid
population after three and seven days of insecticidal
spray was observed.

At ten days after spraying, all treatments differed
significantly from the untreated control. The highest
reduction in coccinellid population was observed in
fipronil and spiromesifen, with 55.82 and 44.77 per
cent reduction, respectively. It was followed by
flubendiamide (38.36%) and chlorantraniliprole
(36.49%), which were statistically comparable.
Emamectin benzoate (29.12%) and spinosad (27.81%)
showed toxicity of a moderate degree. L. lecanii
(19.52%) and M. anisopliae (17.26%) were at par,
whereas azadirachtin (12.31%) and NSKE (8.54%)
recorded the lowest reduction.

The mean data also followed a similar trend,
wherein fipronil (68.06%) was the most toxic
treatment. The least reduction was recorded in

; Plate 2 : Different species of lady bird beetles copa rop
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.

azadirachtin (18.47%) and NSKE (13.56%), indicating
their safer effect on coccinellids. In descending order,
it was followed by spiromesifen (60.24%), while
flubendiamide (53.83%) and chlorantraniliprole
(52.01%) were equal at the statistical level. Emamectin
benzoate (43.64%) and spinosad (42.51%) showed
moderate toxicity. Within biopesticides, L. lecanii
(27.77%) and M. anisopliae (25.69%) were at par with
each other.

Second spray

A similar trend of per cent reduction in coccinellid
population after second insecticidal spray was
observed.

Kharif, 2025

The data on Ladybird beetle population during the
Kharif, 2025, are depicted in Table 4.17.

First spray

One day after spraying, fipronil caused the highest
reduction in coccinellid population (67.13%), followed
by spiromesifen (61.84%). Flubendiamide (54.92%)
and chlorantraniliprole (52.79%) were statistically at
par, while emamectin benzoate (44.00%) and spinosad
(43.18%) showed moderate toxicity. Among
biopesticides, L. lecanii (25.78%) and M. anisopliae
(23.69%) were comparable, whereas azadirachtin
(16.77%) and NSKE (12.36%) were the safest
treatments.

Three days after spraying, a similar trend was
observed, with fipronil (73.10%) remaining the most
toxic treatment, followed by spiromesifen (65.10%).
Flubendiamide (59.98%) and chlorantraniliprole
(57.87%) were statistically at par, while emamectin
benzoate (50.16%) and spinosad (48.52%) exhibited
moderate toxicity. Lower reductions were recorded
with L. lecanii (34.56%), M. anisopliae (32.53%),
azadirachtin (23.60%) and NSKE (17.91%).
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Table 2 : Impact of biorational insecticides on coccinellids during kharif, 2024

S. Treatments Per cent reduction in coccinellid population days after spray
No. I spray II Spray
Conc. 1DAS 3DAS 7DAS 10DAS Mean 1DAS 3IDAS 7DAS 10DAS DMean
1. Chlorantraniliprole 18.5 SC 0.006% 5442 5966 57.45 3649 5201 3613 62.64 6032 3831 35435
(47.54) (50.57) (49.28) (37.16) (46.15) (48.52) (52.32) (50.96) (38.24) (47.50)
2. Emamectin benzoate 5 SG 0.002% 4536 5171 4836 2912 4364 4639 5430 5078 3058 4551
(42.34) (45.98) (44.06) (32.66) (41.34) (4293) (4747) (4545) (33.57) (42.43)
3. Spinosad 45 SC 0.014% 4452 5002 47.67 2781 4251 4471 5252 50.05 29.20 4412
(41.85) (45.01) (43.66) (31.83) (40.69) (41.96) (46.44) (45.03) (32.71) (41.62)
4. Flubendiamide 39.35 SC 0.009% 56.62 61.83 5849 3836 53.83 5844 64.92 61.41 40.28 56.26
(48.80) (51.84) (49.89) (38.27) (47.19) (49.86) (53.68) (51.60) (39.40) (48.60)
5. Spiromsifen 22.9 SC 0.024% 63.75 67.11 65.31 4477 6024 64359 7047 68358 47.01 62.66
(52.98) (55.01) (53.92) (42.00) (50.91) (53.48) (57.08) (55.91) (43.29) (52.34)
6. Agzadirachtin 0.03 EC SmlL 1729 2433 19.94 1231 18.47 1928 2555 2094 1293 19.68
(24.57) (29.55) (26.52) (20.54) (25.45) (26.05) (30.36) (27.23) (21.07) (26.33
7. NSKE SmlL 1274 1846  14.51 8.54 13.56  14.63 19.38 15.24 8.97 14.56

(2091) (25.45) (22.39) (16.99) (24.61) (2249) (26.12) (22.98) (17.43) (22.43)
8. Metarhizum anispopliae 1.15WP  SgL 2442 3354 2754 1726 2569 2706 3522 2892 1812 2733

(29.61) (3539) (31.65) (24.55) (30.45) (3135) (3640) (32.53) (25.19) (31.52)
9. Lecanicillium lecani 1.15 WP 5S¢/l 2658 3563 2933 1952 2777 2833 3741 3080 2050 29.26
(31.03) (36.65) (32.79) (26.22) (31.80) (32.16) (37.71) (33.71) (26.92) (32.75)
10.  Fipronil 5 SC 0.01% 6921 7536 71.84 5582 6806 71.15 7913 7543 5861 7108

(56.30) (60.24) (57.95) (48.34) (55.59) (57.51) (62.82) (60.29) (49.96) (57.47)
000 000 000 000 000 000 000 000 000 000

Tutr ontr

11. Untreated Contral (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
SEm+ 113 109 134 123 115 122 115 136 131 124
CD at 5% 325 315 3.96 3.54 338 354 339 3.99 3.78 3.45

PTP = Pre-treatment population, DAS: Days after spray. Figures in parentheses are angular transformed values

Table 3 : Impact of biorational insecticides on coccinellids during kharif, 2025

S. Treatments Per cent reduction in coccinellid population davs after spray
No. 1 spray II Spray
Conc. 1DAS 3DAS 7DAS 10DAS Mean 1DAS 3DAS 7DAS 10DAS DMean
1. Chlorantraniliprole 18.5 SC 0.006% 52.79 5787 5573 3540 5045 5559 6094 5868 3728 5312
(46.60) (49.53) (48.29) (36.51) (45.26) (48.21) (51.32) (50.00) (37.63) (46.79)
2. Emamectin benzoate 5 SG 0.002% 44.00 50.16 46.91 2825 4233 4633 5282 4940 2975 44.58
(41.55) (45.09) (43.23) (32.11) (40.59) (42.90) (46.62) (44.66) (33.05) (41.89)
3. Spinosad 45 SC 0.014% 43.18 4852 4624 2698 4123 4547 51.09 48.69 2841 4342
(41.08) (44.15) (42.84) (31.29) (39.95) (42.40) (45.62) (44.25) (32.21) (41.22)
4. Flubendiamide 39.35 SC 0.009% 5492 5998 56.74 3721 5221 5783 63.16 59.75 39.18 5498
(47.82) (50.76) (48.87) (37.59) (46.27) (49.50) (52.63) (50.62) (38.75) (47.806)
5. Spiromsifen 22.9 SC 0.024% 61.84 65.10 63.35 4343 5843 65.12 68.55 66.71 4573  61.53
(51.85) (53.79) (52.74) (41.22) (49.85) (53.80) (55.89) (54.76) (42.55) (51.66)
6. Azadirachtin 0.03 EC Sml/L  16.77  23.60 1934 1194 1791 17.66 2485  20.36 12.57  18.86
(24.17) (29.06) (26.09) (20.21) (25.04) (24.85) (29.90) (26.82) (20.77) (25.74)
7.  NSKE SmlL 1236 1791 14.07 8.28 13.16  13.02 18.86 14.82 8.72 13.86

(20.58) (25.04) (22.03) (16.72) (2127) (21.15) (25.74) (22.64) (17.18) (21.85)
8. Metarhizum anispopliae 1.15 WP SgL 2369 3253 2671 1674 2492 2494 3425 2813 17.63 2624
(29.13) (3477) (31.12) (24.15) (29.95) (29.96) (35.82) (32.03) (24.83) (30.81)

9. Lecanicillium lecani 1.15 WP 5S¢l 2578 3456 2845 1893 2693 2715 3639 2996 1993 2836
(30.51) (36.01) (32.23) (25.79) (31.26) (31.40) (37.10) (33.19) (26.51) (32.18)
10.  Fipronil 5 SC 0.01% 6713 7310 69.68 5415 6602 7069 7697 7337 57.02 6951

(55.02) (58.76) (56.59) (47.38) (54.34) (57.22) (61.32) (58.93) (49.04) (56.49)
000 000 000 000 000 000 000 000 000 000

Tntr ontr

11. Untreated Control 0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
SEmz 124 103 132 122 106 116 111 129 120 103
CD at 5% 358 3.01 3.76 3.47 316 338  3.18 3.76 3.55 2.96

PTP = Pre-treatment population, DAS: Days after spray. Figures in parentheses are angular transformed values
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Table 4 : Impact of biorational insecticides on coccinellids (Pooled data of kharif, 2024 and 2025)

S. Treatments Per cent reduction in coccinellid population davs after spray
No. I spray II Spray

Conc. "1DAS 3DAS 7DAS 10DAS Mean 1DAS 3 DAS 7DAS 10DAS Mean
1. Chlorantraniliprole 18.5 SC 0.006% 53.61 5877 5659 3505 5123 5586 6179 5950 3780 53.74
(47.07) (50.05) (48.79) (36.84) (45.70) (48.37) (51.82) (50.48) (37.94) (47.14)
2. Emamectin benzoate 5 SG 0.002% 44.68 5094 47.64 28.69 4298 4636 5356 50.09 30.17  45.04
(41.95) (45.54) (43.64) (32.38) (40.97) (42.91) (47.04) (45.05) (33.31) (42.16)
3. Spinosad 45 SC 0.014% 43.85 4927 4696 2740 4187 4509 51.81 4937 2881  43.77
(41.47) (44.58) (43.25) (31.56) (40.32) (42.18) (46.03) (44.64) (32.46) (41.42)
4. Flubendiamide 39.35 SC 0.009% 55.77 6091 57.62 3779 5302 5814 6404 6058 3973 55.62
(4931) (51.30) (49.38) (37.93) (46.73) (49.68) (53.15) (51.11) (39.07) (48.23)
5. Spiromsifen 22.9 SC 0.024% 62.80 6611 6433 4410 35933 6486 6951 67.65 4637 62.10
(52.41) (54.40) (53.33) (41.61) (50.38) (53.64) (56.48) (55.33) (42.92) (52.00)
6. Azadirachtin 0.03 EC SmlL  17.03 2397 1964 1213 1819 1847 2520 2065 1275 1927
(2437) (29.31) (26.31) (20.38) (25.25) (25.45) (30.13) (27.03) (20.92) (26.04)
7. NSKE SmlVL 1255 1819 1429 841 1336 1383 1912 1503 885 1421
(20.75) (25.24) (22.21) (16.86) (21.44) (21.83) (25.93) (22.81) (17.30) (22.14)
8. Metarhizum anispopliae 1.15 WP 5gL 2406 33.04 2713 17.00 2530 2600 3474 2853 17.88 2678
(29.37) (35.08) (31.39) (24.35) (30.20) (30.66) (36.11) (32.28) (25.01) (31.17)
9. Lecanicillium lecani 1.15 WP SgL 2618 3510 2889 1923 2735 2774 3690 3038 2022 2881
30.77) (36.33) (32.51) (26.01) (31.53) (31.78) (37.41) (33.45) (26.72) (32.46)
10.  Fipronil 5 SC 0.01%  68.17 7423 7076 5499 67.04 7092 7805 7440 5782 7030
(5(; 6605) (509 '(?2)9) (50702(; ) (4076806) (5045)06) (507507) (602'(?06) (5090600) (4090500) (5060%7)
11 Untreated Control (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
SEm+ 124 106 1.33 1.19 0.93 1.21 1.16 1.28 1.23 1.02
CD at 5% 351 3.08 3.86 3.49 272 354 337 3.76 3.60 3.02

PTP = Pre-treatment population, DAS: Days after spray. Figures in parentheses are angular transformed value

The mean data also followed a similar pattern.
Fipronil recorded the highest mean reduction in
coccinellid  population  (66.02%), followed by
spiromesifen (58.43%). Flubendiamide (52.21%) and
chlorantraniliprole (50.45%) were statistically at par,
whereas emamectin benzoate (42.33%) and spinosad
(41.23%) caused moderate adverse effects. Among
biopesticides, L. lecanii (26.93%) and M. anisopliae
(24.92%) were comparatively safer, while azadirachtin
(17.91%) and NSKE (13.16%) were found to be the
least harmful to coccinellids.

Second spray

A similar trend of per cent reduction in coccinellid
population after the second insecticidal spray was
observed.

Pooled data Kharif, 2024 and 2025

The pooled data on the evaluation of the toxic
effects of biorational insecticides on the ladybird beetle
population during the Kharif season in 2024 and 2025
are presented in Table 4.19 and Fig. 4.8.

First spray
Following insecticidal application, fipronil
consistently recorded the highest reduction in

coccinellid population, with reductions of 68.17, 74.23,
70.76 and 54.99 per cent at 1, 3, 7 and 10 days after
spraying, respectively, followed by spiromesifen
(62.80, 66.11, 64.33 and 44.10%). Flubendiamide and
chlorantraniliprole remained statistically at par

throughout the observation period and exhibited
comparatively high toxicity. Emamectin benzoate and

spinosad showed moderate adverse effects on
coccinellids.
Among the biopesticides, L. lecanii and

Metarhizium anisopliae were statistically similar and
comparatively safer than the synthetic insecticides. The
lowest reduction in coccinellid population was
consistently recorded with azadirachtin and NSKE,
indicating their relative safety to the predator.

The mean data also followed a similar trend,
wherein fipronil recorded the highest reduction in
coccinellid population  (67.04%), followed by
spiromesifen (59.33%). Flubendiamide (53.02%) and
chlorantraniliprole (51.23%) were statistically at par,
while emamectin benzoate (42.98%) and spinosad
(41.87%) exhibited moderate toxicity. Among the
biopesticides, L. lecanii (27.35%) and Metarhizium
anisopliae (25.30%) were statistically similar, whereas
azadirachtin (18.19%) and NSKE (13.36%) recorded
the lowest reduction in coccinellid population,
indicating their comparatively safer nature towards
coccinellids.

Second spray

A similar trend of per cent reduction in coccinellid
population after second insecticidal spray was
observed.
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Impact of biorational insecticides on the population
of the spiders

Kharif, 2024

The data on the per cent reduction in the spider
population during the Kharif 2024 are presented in
Table 4.17

First spray

Following the first spray, fipronil consistently
recorded the highest reduction in spider population,
with reductions of 64.64, 70.38, 67.10 and 52.14 per
cent at 1, 3, 7 and 10 days after spraying, respectively,
followed by spiromesifen (59.55, 62.68, 61.00 and
41.82%). Flubendiamide and chlorantraniliprole
remained statistically at par throughout the observation
period and exhibited comparatively high toxicity.
Emamectin benzoate and spinosad showed moderate
toxic effects on spiders.

Among the biopesticides, L. lecanii and
Metarhizium anisopliae were comparatively less toxic
and statistically similar. The lowest reduction in spider
population was consistently recorded with azadirachtin
and NSKE, indicating their relative safety to spiders.

The overall mean data of the first spray followed a
similar trend, with fipronil recording the highest
reduction in spider population (63.57%), followed by
spiromesifen (56.26%). Flubendiamide (50.28%) and
chlorantraniliprole (48.57%) were statistically at par,
while emamectin benzoate (40.76%) and spinosad
(39.70%) exhibited moderate toxicity. Among the
biopesticides, L. lecanii (25.94%) and Metarhizium
anisopliae  (23.99%) were comparatively safer,
whereas azadirachtin (17.25%) and NSKE (12.67%)
recorded the lowest reduction in spider population,
indicating their safer nature towards spiders.

Second spray

A similar trend of per cent reduction in spider
population after second insecticidal spray was
observed.

Kharif, 2025

The data on per cent reduction in the spider
population during the kharif 2025, are presented in
Table 4.17

First spray

One day after the initial spray, the greatest
reduction in spider population was observed with
fipronil, with 61.94 per cent. It was followed by
spiromesifen (57.06%). The next toxic group include
flubendiamide (50.68%) and chlorantraniliprole
(48.70%), which were statistically similar and
exhibited relatively high toxicity. Moderate effects

Impact of biorational insecticides on the population of natural enemies in cowpea under field conditions

were recorded with emamectin benzoate (40.59%) and
spinosad (39.84%). Lower toxicity was noted for L.
lecanii (23.79%) and M. anisopliae (21.84%), while
azadirachtin (15.47%) and NSKE (11.40%) were the
least harmful to spiders.

Three, seven and ten days after spraying, fipronil
consistently recorded the highest reduction in spider
population (67.43, 64.29 and 49.96%, respectively),
followed by spiromesifen (60.05, 58.45 and 40.07%).
Flubendiamide and chlorantraniliprole remained
statistically at par throughout the observation period
and exhibited comparatively high toxicity. Emamectin
benzoate and spinosad showed moderate adverse
effects on spiders.

Among the biopesticides, L. lecanii and
Metarhizium anisopliae were comparatively less toxic
and statistically similar, whereas azadirachtin and
NSKE consistently recorded the lowest reduction in
spider population, indicating their relative safety to
spiders.

The overall mean data followed a similar trend,
with fipronil recording the highest reduction in spider
population (60.91%), followed by spiromesifen
(53.91%). Flubendiamide (48.17%) and
chlorantraniliprole (46.54%) were statistically at par,
while emamectin benzoate (39.05%) and spinosad
(38.04%) exhibited moderate toxicity. Among the
biopesticides, L. lecanii (24.85%) and Metarhizium
anisopliae  (22.98%) were comparatively safer,
whereas azadirachtin (16.53%) and NSKE (12.14%)
recorded the lowest reduction in spider population,
indicating their safer nature towards spiders.

Second spray

A similar trend of per cent reduction in spider
population after second insecticidal spray was
observed.

Pooled data Kharif, 2024 and 2025

The pooled data on the evaluation of the toxic
effects of biorational insecticides on the spider
population during the kharif season in 2024 and 2025
are presented in Table 4.19 and Fig. 4.8.

First spray

Following the first spray, fipronil consistently
recorded the highest reduction in spider population,
with reductions of 63.29, 68.91, 65.70 and 51.05 per
cent at 1, 3, 7 and 10 days after spraying, respectively,
followed by spiromesifen (58.31, 61.37, 59.73 and
40.95%). Flubendiamide and chlorantraniliprole
remained statistically at par throughout the observation
period and exhibited comparatively high toxicity.
Emamectin benzoate and spinosad caused moderate
adverse effects on spiders.

Among the biopesticides, L. lecanii and
Metarhizium anisopliae were comparatively less toxic
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and statistically similar. The lowest reduction in spider
population was consistently recorded with azadirachtin
and NSKE, indicating their relative safety to spiders.

The pooled mean data also followed a similar
trend, wherein fipronil recorded the highest reduction
in spider population (62.24%), followed by
spiromesifen (55.09%). Flubendiamide (49.23%) and
chlorantraniliprole (47.55%) were statistically at par,
while emamectin benzoate (39.91%) and spinosad
(38.87%) exhibited moderate toxicity. Among the
biopesticides, L. lecanii (25.40%) and Metarhizium
anisopliae  (23.49%) were comparatively safer,
whereas azadirachtin (16.89%) and NSKE (12.40%)
recorded the lowest reduction in spider population,
indicating their safer nature towards spiders.

Second spray

A similar trend of per cent reduction in spider
population after the second insecticidal spray was
observed.

The descending order of toxicity of insecticides
against natural enemies was: fipronil > spiromesifen >
flubendiamide > chlorantraniliprole > emamectin
benzoate > spinosad > L. lecanii > M. anisopliae >
azadirachtin > NSKE.

The pooled data on the toxic impact of biorational
insecticides on the population of natural enemies
revealed that all the insecticides were found to be more
or less toxic up to three days of treatment. The
minimum population of natural enemies was recorded
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in fipronil 5 SC and spiromesifen 22.9 SC, which
proved highly toxic. The present findings are in
agreement with those of Sharma et al. (2022), who
observed that fipronil was harmful to natural enemies.

The flubendiamide 39.35 SC, chlorantraniliprole
18.5 SC, spinosad 45 SC and emamectin benzoate 5
SG treated plots resulted in the middle order to express
toxic effects on the natural enemies. These results were
corroborated by the findings of Pavithra et al. (2022),
Sharma et al. (2022) and Das et al. (2025), who
reported that these insecticides were toxic to natural
enemies. Dhaka (2020), Dharmanna and Naik (2022)
and Singh (2022) reported that spinosad and
emamectin benzoate proved safer to natural enemies.
Sireesha et al. (2022) reported that chlorantraniliprole
and spinosad were less toxic.

The maximum population of natural enemies was
recorded in NSKE 5% and azadirachtin 0.03 EC
proved least toxic, followed by M. anisopliae 1.15 WP
and L. lecanii 1.15 WP. These treatments were
statistically at par with each other. These findings are
in agreement with that of Singh et al. (2022), Dwivedi
and Singh (2022), Thakur et al. (2023) and Das et al.
(2025), who reported that azadirachatin, NSKE 5%, L.
lecanii and M. anisopliae are relatively safer for
natural enemies. Lawrence et al. (2022) and Zadda
and Vijayaraghavan (2025) reported that neem-based
insecticides were found to be safer than chemical
insecticides

Table 5 : Impact of biorational insecticides on spiders during Kharif, 2024.
S. Treatments Per cent reduction in spider population davs after spray
No. I spray II Spray

Conc. 1DAS 3DAS 7DAS 10DAS Mean 1DAS 3DAS 7DAS 10DAS Mean

I. Chlorantraniliprole 18.5 SC 0.006%  50.83 5572 53.66  34.07 4857 5374 5891 5673  36.02 5135
(45.48) (48.28) (47.10) (35.71) (44.18) (47.14) (50.13) (48.87) (36.88) (45.77)

2. Emamectin benzoate 5 SG 0.002% 4237 4829 4518 2720 4076 4479 51.05 4776 2876  43.09
(40.61) (44.02) (42.23) (31.44) (39.68) (42.01) (45.60) (43.72) (32.43) (41.03)

3 Spinosad 45 SC 0.014% 4159 4672 4452 2598 3970 4397 4939 4707 2747 4198
(40.16) (43.12) (41.85) (30.64) (39.06) (41.54) (44.65) (43.32) (3L.61) (40.38)

4. Flubendiamide 39.35 SC 0.009% 5290 57.76 54.64 3582 5028 5592 61.07 5777 3787 5316
(46.66) (49.46) (47.66) (36.76) (45.16) (48.40) (51.40) (49.47) (37.98) (46.81)

5. Spiromsifen 22.9 SC 0.024%  59.55 62.68 61.00 41.82 5626 6295 66.27 6449 4421 5948
(50.51) (52.35) (51.35) (40.29) (48.60) (52.51) (54.49) (53.42) (41.68) (50.46)

6. Arzadirachtin 0.03 EC Sml/L 1614 2273 1862 1149 1725 17.06 24.03 19.69 12.15 1823
(23.69) (28.47) (25.56) (19.81) (24.54) (24.40) (29.35) (26.34) (20.40) (25.28)

7. NSKE Sml 11.90 1724 1355 7.98 12.67 12,58 1823 1433 8.44 13.40
(20.18) (24.53) (21.60) (16.41) (20.85) (20.77) (25.28) (22.24) (16.89) (21.47)

8. Metarhizum anispopliae 1.15 WP 5gL 2280 3132 2571 1612 2399 2410 3311 2718 17.04 2536
(28.52) (34.03) (3047) (23.67) (29.33) (29.40) (35.13) (31.42) (24.38) (30.24)

9. Lecanicillium lecani 1.15 WP 5gL 2483 3328 2741 1823 2594 2625 3519 2898 1927 2742
(29.89) (35.23) (31.57) (25.28) (30.62) (30.82) (36.39) (32.57) (26.04) (31.58)

10.  Fipronil 5 SC 0.01% 64.64 7038  67.10 52,14 63.57 68.33 7441 7094 5512 6720
(53.51) (57.03) (55.00) (46.23) (52.87) (55.75) (59.61) (57.38) (47.94) (55.06)

11, Unreated Contol g gis) ‘B’ Bl ‘bl ot b sm b b
SEmt 1.03 0.98 1.25 1.20 1.01 1.25 1.06 1.33 1.22 0.89

CD at 5% 294 284 364 352 296 362 303 391 350 2.63

PTP = Pre-treatment population, DAS: Days after spray. Figures in parentheses are angular transformed values
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Impact of biorational insecticides on the population of natural enemies in cowpea under field conditions

Table 6 : Impact of biorational insecticides on spiders during Kharif, 2025.

S. Treatments Per cent reduction in spider population davs after sprav
No. I spray II Spray
Conc. ~1DAS 3DAS 7DAS I0DAS Mean 1DAS 3DAS 7DAS I10DAS Mean
1. Chlorantraniliprole 18.5 SC 0.006% 4870 5339 5142 3264 4654 5224 5726 5515 3501 4992
(44.26) (46.94) (45.81) (34.84) (43.01) (46.28) (49.17) (47.96) (36.28) (44.95)
2. Emamectin benzoate 5 SG 0.002% 4059 4627 4329 26.06 39.05 4354 4963 4643 2795 41.89
39.58) (42.86) (41.19) (30.70) (38.68) (41.29) (44.79) (42.95) (31.92) (40.33)
3. Spinosad 45 SC 0.014% 3984 4477 4265 2489 3804 4273 4802 4574 2670  40.80
(39.14) (42.00) (40.77) (29.93) (38.08) (40.82) (43.87) (42.56) (31.11) (39.70)
4. Flubendiamide 39.35 SC 0.009% 5068 5534 5236 3431 4817 5436 5936 5616 3680 51.67
(45.39) (48.07) (46.35) (35.86) (43.95) (47.50) (50.39) (48.54) (37.35) (45.96)
5. Spiromsifen 22.9 SC 0.024% 57.06 60.05 5845 40.07 5391 6120 6441 62.69 4298 57.82
(49.06) (50.80) (49.86) (39.27) (47.24) (51.47) (53.38) (52.35) (40.96) (49.50)
6.  Azadirachtin 0.03 EC SmVL 1547 2178  17.84 11.01 1653 1659 2336 1914 1181 17.73
(23.16) (27.82) (24.98) (19.38) (23.99) (24.04) (28.90) (25.94) (20.10) (24.90)
7.  NSKE Sm/L 1140 1652 1298  7.65 12.14 1223 17.72 1392 821  13.02
(19.73) (23.98) (21.12) (16.41) (20.39) (20.47) (24.89) (21.91) (16.65) (21.15)
8. Metarhizum anispopliae 1.15 WP Sg/L. 2184 30.01 2463 1545 2298 2343 3219 2642 1657  24.65
(27.86) (33.22) (29.75) (23.15) (28.65) (28.95) (34.57) (30.93) (24.02) (29.77)
9. Lecanicillium lecani 1.15 WP SgL 2379 31.89 2626 1747 2485 2552 3420 2817 1874 26.66
(29.19) (34.38) (30.83) (24.71) (29.90) (30.34) (35.79) (32.06) (25.65) (31.09)
10.  Fipronil 5 SC 001% 6194 6743 6429 4996 6091 6644 7233 6896 5359 6533
T U - G T O 1A
11. Untreated Control (0.00) (0.00) (0.00) (0.00) (0.00)  (0.00) (0.00) (0.00) (0.00) (0.00)
SEm+ 1.00 095 1.19 1.16 1.11 1.06 1.02 1.22 1.21 0.96
CD at 5% 278 272 347 33 3.19 3.11 2.96 3.51 3.49 2.83
PTP = Pre-treatment population, DAS: Days after spray. Figures in parentheses are angular transformed values
Table 7 : Impact of biorational insecticides on spider (Pooled data during Kharif, 2024 and 2025).
S. Treatments Per cent reduction in spider population davs after spray
No. I spray II Spray
Conc. 1DAS 3DAS 7DAS 10DAS Mean 1DAS 3DAS 7DAS 10DAS Mean
1.~ Chlorantraniliprole 18.5 SC 0.006% 4977 3456 52.54 3336 4755 5299 5809 5594 3552  50.63
(44.87) (47.61) (46.46) (35.28) (43.60) (46.71) (49.65) (48.41) (36.58) (45.36)
2. Emamectin benzoate 5 SG 0.002% 4148 4728 4424 2663 3991 4417 5034 47.10 2836 4249
(40.09) (43.44) (41.69) (31.07) (39.18) (41.65) (45.19) (43.33) (32.17) (40.68)
3. Spinosad 45 SC 0.014% 4072 4575 4359 2544 3887 4335 4871 4641 2709 4139
39.65) (42.56) (41.31) (30.29) (38.57) (41.18) (44.26) (42.94) (31.36) (40.04)
4. Flubendiamide 39.35 SC 0.009% 5179 5655 53.50 3507 4923 5514 6022 5697 3734 5241
(46.03) (48.76) (47.01) (36.31) (4456) (4795) (50.89) (49.00) (37.66) (4638)
5. Spiromsifen 22.9 SC 0.024% 5831 61.37 5973 4095 5509 62.08 6534  63.59 43.60 58.65
(49.78) (51.57) (50.61) (39.78) (47.92) (51.99) (53.93) (52.89) (41.32) (49.98)
6.  Agzadirachtin 0.03 EC Sml/L 1581 2226 1823 1125 1689 1683 2370 1942 1198 1798
(23.43) (28.15) (25.28) (19.60) (24.26) (24.22) (29.13) (26.14) (20.25) (25.09)
7. NSKE SmL 11.65 16.88 1327  7.82 1240 1241 1798 1413 833 1321
(19.96) (24.26) (21.36) (16.23) (20.62) (20.62) (25.09) (22.08) (16.77) (21.31)
8. Metarhizum anispopliae 1.15 WP 5gL 2232 3067 2517 1579 2349 2377 32,65 2680 1681 2501
(28.19) (33.63) (30.11) (23.41) (28.99) (29.18) (34.85) (31.18) (24.20) (30.00)
9. Lecanicillium lecani 1.15 WP SgL 2431 3259 2684 17.85 2540 2589 3470 2858 19.01  27.04
(29.54) (34.81) (31.20) (24.99) (30.26) (30.58) (36.09) (32.31) (25.85) (31.33)
10.  Fipronil 5 SC 001% 6329 6891 6570 51.05 6224 6739 7337 6995 5436 6627
(5020701) (5060101) (54015) (45.60) (\zboos (505.017) (5085)03) (506.0706) (467.050) (504.0409)
1. Untreated Control (0.00) (0.00) (0.00) (0.00) (0.00)  (0.00) (0.00) (0.00) (0.00) (0.00)
SEm+ 1.21 132 1.30 1.15 0.95 1.22 1.36 133 1.19 1.03
CD at 5% 344  3.85 3.82 3.29 2.78 3.53 4.02 3.97 3.42 3.05

PTP = Pre-treatment population, DAS: Days after spray. Figures in parentheses are angular transformed values
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