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Abstract

Field experiments were conducted at two different geographical regions viz., tropical region (Naraseepuram village, Coimba-
tore) and temperate region (Kookal village, Kotagiri, The Nilgiris) in summer and winter season’'s to assess the bioefficacy of
insecticides used against Diamondbackmoth (DBM), Plutella xylostella and their potential impact on natural enemies in cauli-
flower. The results revealed that the diamide insecticides like cyantraniliprole 10.26 OD @ 60 g a.i ha, chlorantraniliprole 18.50
SC @ 10 g a.i ha and flubendiamide 20 WG @ 18.24 g a.i ha™" registered more than 95 percent population reduction over
untreated control followed by emamectin benzoate 5 SG @ 10 g a.i ha' and thiodicarb 75 WP @ 750 g a.i ha™. Quinalphos 25
EC @ 500 g a.i ha™and chlorpyriphos 20 EC @ 400 g a.i ha™ were observed as least effective among the treated insecticides.
The diamide insecticides recorded considerably less toxic effect on the natural enemies, especially spiders and coccinellids.
Population reduction of natural enemies was noticed immediately after insecticide spray but it gradually increased and was rec-
orded on par with the control population. Hence, cyantraniliprole 10.26 OD @ 60 g a.i ha™", chlorantraniliprole 18.50 SC @ 10 g
a.i ha” and flubendiamide 20 WG @ 18.24 g a.i ha™ can be used as potential component in the integrated pest management

against DBM in cole crops.
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INTRODUCTION

India is the second largest producer of cauliflower in the
world contributing 33 per cent to global production. It
occupies a total area of 4.52 lakh hectares with a pro-
duction of 84,990 lakh tonnes. India’s major cauliflower
producing states are Bihar, Uttar Pradesh, Orissa, West
Bengal, Assam, Haryana and Maharashtra (National
Horticultural Board, 2017). Insect pests are a serious
menace in the profitable cultivation of cauliflower. Dia-
mond back moth (DBM), Plutella xylostella (Linn.), was
the major destructive pest on cruciferous crops such as
cauliflower, cabbage and mustard causing significant
economic losses upto168 million US$ per year
(Uthamasamy et al., 2011). To reduce yield losses
caused by this insect pest, many growers mainly use
chemical control because of the lack of reliable alterna-
tives and the availability of relatively cheap insecticides.
Chemical insecticides are used as the frontline defense

sources against these insect pests, in spite of their
drawbacks and cauliflower growers in India depend
heavily on synthetic pesticides to combat pests. Most
of the insecticides used on agricultural / horticultural
crops belong to a limited number of chemically different
classes. Of them, the most important organic insecti-
cides used against DBM belong to organophosphates,
carbamates and synthetic pyrethroids (Preethi, 2019).
In the recent past, synthetic pyrethroids have been ex-
tensively used for the control of DBM. The use of old
broad spectrum insecticides resulted in resistance
against insecticides, pest resurgence and accumulation
of insecticide residues in the consumable produces at
harvest. The use of synthetic pesticides in Indian agri-
culture cannot be dispensed with in view of the targets
of food requirements projected for 2020 AD. So, the
effort has been made for the development of less per-
sistent insecticide molecules with novel mode of action
to overcome the constraints in the older molecules viz.,
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resurgence, resistance and residues. At present, the
Golden Age of insecticide research has met with selec-
tive, neuro active and easily degradable compounds.
These newer molecules always have a higher stability
and superiority over the conventional pesticides to con-
trol the pest population density in classical manner at
field level. Hence, evaluation of new molecular insecticides
is necessary to replace the highly effective broad spec-
trum compounds, which were restricted due to their high
mammalian toxicity and other side effects on non-target
organisms (Vinothkumar et al, 2019). With this back-
ground, present study was under taken to evaluate the
bicefficacy of new molecular insecticides against Dia-
mondbackmoth (DBM), Plutella xylostella and their po-
tential impact on natural enemies in cauliflower.

MATERIALS AND METHODS

Field experiments were conducted to assess the effica-
cy of insecticides used against diamond backmoth, P.
xylostella and their potential impact on natural enemies
in cauliflower in two different geographical regions viz.,
tropical region (Naraseepuram village, Coimbatore) and
temperate region (Kookal village, Kotagiri, The Nilgiris)
in two different season’s viz., July — August,2020 and
January — May 2021. The experiments were laid out in
Randomized Block Design witheight treatment and
three replications in a plot size of 5 x 5 m. The treat-
ment details were T4. Cyantraniliprole 10.26 OD @ 60
g. ai. ha”, T,. Emamectin benzoate 5 SG @ 10 g. ai. ha
! Ts. Flubendiamide 20 WG @ 18.24 g. ai. ha™', T..
Thiodicarb 75 WP @ 750 g. ai. ha', Ts.
Chlorantraniliprole 18.50 SC @ 10 g. ai. ha™, Te. Qui-
nalphos 25 EC @ 500 g. ai. ha', T-. Chlorpyriphos 20
EC @ 400 g. ai. ha™ and Ts. Untreated control. The
treatments were imposed on 30 day old transplanted
crop and applied twice at 14 days intervals. The treat-
ments were sprayed with a pneumatic knapsack spray-
er using 500 litres of spray fluid per hectare. The spray-
ing was done during morning hours to give uniform cov-
erage on foliage and to avoid drift. Indron® @ 1 ml I’
was used as sticker / spreading agent. Larval popula-
tion was recorded in five randomly marked plants from
each plot. The observations on larval population were
taken prior to spraying and at 3, 7, 10 and 14 days after
spraying. From each plant, three leaves one each from
top, middle and bottom canopies of plants were ob-
served. The yield of marketable cauliflower curd was
also recorded during the harvest. Population of general
predators viz., spiders and coccinellids were also rec-
orded in five randomly marked plants from each plot
prior to spraying followed by 3,7,10 and 15 days after
each spray and expressed as number per five plants.
The day observations were pooled, mean population
and per cent reduction over control was calculated after

each spray. Cauliflower yield per plot was recorded
from each harvest and pooled to arrive at the total yield
and expressed as tonnes ha”.The data on population
number were transformed +x+0.5 before statistical
analysis. The data were analysed in randomized block
design (RBD) (Gomez and Gomez, 1984). The mean
values were separated using Duncan’s Multiple Range
Test (DMRT) (Duncan, 1951).

RESULTS AND DISCUSSION

Results revealed that the diamondbackmoth, P. xy-
lostella population before the trial at Naraseepuram
was recorded as 16.67 to 20.33 larvae per five plants
during the first season (Table 1). After first spray, mean
larval population was observed minimum in the plots
treated with cyantraniliprole 10.26 OD @ 60 g a.i ha™,
chlorantraniliprole 18.50 SC @ 10 g a.i ha™, flubendia-
mide 20 WG @ 18.24 g a.i ha™ and emamectin benzo-
ate 5SG @ 10 g a.i ha™ recorded 4.67, 5.78, 6.11 and
8.00 larvae per five plants, respectively. After second
spray, more than 95 per cent population reduction over
untreated control was noticed in the plots treated with
cyantraniliprole 10.26 OD @ 60 g a.i ha™' (99.48 %),
chlorantraniliprole 18.50 SC @ 10 g a.i ha™ (98.45 %)
and flubendiamide 20 WG @ 18.24 g a.i ha™ (95.88 %).
Emamectin benzoate 5 SG @ 10 g a.i ha™, thiodicarb
75 WP @ 750 g a.i ha” were recorded 92.27 and 90.21
percent reduction over untreated control, respectively.
Quinalphos 25 EC @ 500 g a.i haand chlorpyriphos
20 EC @ 400 g a.i ha” were observed as least effec-
tive among the treated insecticides, which registered
80.41 and 79.90 per cent reduction of the larval popula-
tion over untreated check, respectively. The same trend
was observed in the trials conducted in temperate re-
gion of Kotagiri also. The pre-count populations of DBM
larvae were 11.00 to 12.67 larvae per five plants during
first season and 12.00 to 13.67 larvae per five plants
during the second season (Table 2). Cyantraniliprole
10.26 OD @ 60 g a.i ha™, chlorantraniliprole 18.50 SC
@ 10 g a.i ha™ and flubendiamide 20 WG @ 18.24 g a.i
ha'were registered more than 95 percent population
reduction over untreated control in both seasons and
they were on par with each other. The result of this
study is in accordance with the finds of Patra et al.
(2012), who reported that flubendiamide 480SC @ 20,
40 and 60 g a.i. /ha and Chlorantraniliprole 18.5 SC @
15, 30 and 45 g a.i. /ha were very effective in reducing
the larval population of diamondback moth in cabbage.
Similarly, the present study is also in line with Seal and-
Sabines(2013) who reported a significant reduction in
mean number of diamondback moth larvae on
‘Gourmet’cabbage seedlings following application of
Coragen 20 SC (Chlorantraniliprole) @ 360 g/ha. Shar-
ma et al.(2017) reported that chlorantraniliprole @ 37.5
and 50.0 ml/ha showed their supremacy in significantly
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Table 1. Effect of insecticides against diamondbackmoth in cauliflower (Location: Naraseepuram)

Season 1 Season 1l
ﬁl(.). Treatments Pre | Spray Il Spray Pre | Spray Il Spray
count pMean PRC Mean PRC ©€ount Mean PRC Mean PRC

Cyantraniliprole 10.26 1833 _ 4.67 011 833 122 011

" ob@eogaihal  (@434) (25 "1V 78 94 (297) (130) 842 (o7g) 9896
Emamectin benzoate 5 19.00 8.00 1.67 9.00 2.44 1.78

2 sG @10gaihal  (442) (290) 0087 144y 9227 308y (171) %84 (148 8333
Flubendiamide 20 WG 16.67  6.11 0.89 867 167 0.56

3. @1824gaiha’ 414) (255 0N (116 9588 (303) (147) 8148 (102 9479
Thiodicarb 75 WP 16.67 833 2.11 867 3.33 233

4 @750gaiha’ @414) (296 222 (161) 9021 (303 (196) 629 (1eg 7813
Chlorantraniliprole

. 17.00 578 0.33 833  2.00 0.22

5. 1850SC@100ai (g (ay) 7174 ooy %45 (sor) (ise) 778 (oew 7%
Quinalphos 25 EC 1867 9.78 4.22 8.00  4.44 3.11

6. @500ga.iha’ 438) (3200 22V 217y 8041 (593) (222) 9062 (1gg) 7083
Chlorpyriphos 20 EC  20.33  9.89 4.33 8.67 4.22 2.89

7 @400ga.iha’ @56) (321) °183 (249) 7990 (303 (217) 9309 (183 7292

18.33  20.44 21.56 867  9.00 10.67

8. Untreated control (4.34) (458) - 470) - (3.03) (3.08) - 3.34) -
SE(d) 024 008 - 021 - 014 009 - 017 -
CD (0.05) 052 017 - 044 - 030 020 - 037 -

*Mean of four observations; Values in parantheses are square root transformed values; PRC — Percent reduction over control

Table 2. Effect of insecticides against diamondbackmoth in cauliflower (Location: Kotagiri)

sl Season 1 Season 11
No. Treatments Pre | Spray Il Spray Pre | Spray Il Spray
count Mean PRC Mean PRC count Mean PRC Mean PRC
| G000 1B 2% e 000 Taeco 28 201 Twor 0% 10000
 EnamednoyuEesse 261 4% o O ez 300 34 rm 070 oo
o Medamcewe UG 310 oy 011 g 27 088 03 orog
4. gi?g(i)cgr:] A (132.538?3 (g:ig) 54.13 (1128) 92.11 (1336070) (g:gg) 59.82 (1222) 89.57
o Qomninioe 905G 100 33 4 011 gy 00 280 7 011 91
6. %Uilsn;(;p;gﬁﬁzﬁc (131.43;1?3 (g:gg) 45.87 (?1613(1)) 83.33 (133..7667) (g:%) 54.46 (?Zg% 81.74
7. C@hfégyg;izr.}ohsaao = (132.538?3 (g:g?) ar.m (?:gg) 71.13 (1336070) (g:;g) 53.57 (?Z?g) 80.00
SET— NE oL zEo. pEmoaw Lo
SE(d) 0.18 0.09 - 0.09 - 0.17 0.14 - 0.11 -
CD (0.05) 039 0.19 - 0.20 - 037 0.29 - 0.25 -

*Mean of four observations; Values in parantheses are square root transformed values; PRC — Percent reduction over control

reducing the larval population of P. xylostella on cab-
bage and thus increasing the marketable yield of cab-
bage. The effectiveness of diamide insecticides against
P. xylostella was also reported by Harika et al. (2019),
Patel and Patel (2020) and Selvaraj and Kennedy
(2017) on cauliflower, Patra et al. (2012) and Hiramoto
(2007) on cabbage, Hu et al. (2010) and Kodandaram
et al. (2017) on mustard and cabbage. These results
suggest that diamide insecticides provided effective
management of P. xylostella in cauliflower and can be

used to delay the development of resistance in dia-
mondback moth against broad spectrum insecticides.

The observation for the effect of insecticides on natural
enemy populations viz., spiders and coccinellids re-
vealed that population of spiders in the precount were
4.67 to 6.33 and 2.67 to 3.67 spiders per five plants
during first and second season, respectively (Table 3)
at Naraseepuram and 3.00 to 4.00 and 2.00 to 2.33
spiders per five plants during first and second season,
respectively (Table 4) at Kotagiri. The populations of
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Table 3. Effect of insecticides against spiders in cauliflower ecosystem (Location: Naraseepuram)

s Season 1 Season 1l
Nc; Treatments Pre | Spray Il Spray Pre | Spray Il Spray
’ count Mean PRC Mean PRC count Mean PRC Mean PRC
Cyantraniliprole 10.26 0D 4.67  2.22 2.56 367 1.89 211
1 @60gaiha’ 227) (1.64) 9% (17a) 4051 504y (154) 9143 (q41) 5000
Emamectin benzoate 5 SG 5.33 2.22 2.44 2.67 1.67 2.44
2. @10gaiha’ 2.42) (1.65) °*55 (170) 4884 (178) (147) 5714 (171) 42N
Flub endiamide 20 WG 467 233 2.22 3.00 156 233
3. @1824gaiha’ 227) (1.68) 2227 (164) 9349 (187) (143) 6000 (g 4474
Thiodicarb 75 WP 633  1.89 167 267 1.89 1.89
4 @750gaiha’ 261) (1.54) 9136 (145 6912 (178) (154) 5143 (153 9926
Chlorantraniliprole 18.50 SC  6.33  2.33 2.44 3.00 1.89 2.22
5 @10gaiha’ 261) (1.68) 2227 (170) 4884 (187) (1.54) 143 (164) 4737
Quinalphos 25 EC 6.00 1.1 1.56 3.00 1.33 1.56
6. @500gaiha’ 255) (1.26) 727 (142) 674 (187) (135 O571 (141) 6316
Chlorpyriphos 20 EC 467 122 144 267 1.67 1.78
7 @400ga.iha" 227) (1.31) 7900 (139) 8977 478y (1.47) 5714 (1550) 5789
567  4.89 478 333 3.89 4.22
8. Untreated control (2.48) (2.32) (2.30) (1.96) (2.09) 217) "
SE(d) 024 011 - 014 - 022 009 - 010 -
CD (0.05) 051 025 - 029 - 048 020 - 022 -

*Mean of four observations; Values in parantheses are square root transformed values; PRC — Percent reduction over control

Table 4. Effect of insecticides against spiders in cauliflower ecosystem (Location: Kotagiri)

S| Season 1 Season 1l
N<; Treatments Pre | Spray Il Spray Pre | Spray Il Spray
' count Mean PRC Mean PRC count Mean PRC Mean PRC
Cyantraniliprole 10.26 OD _ 3.00 2.1 211 233 122 167
1 @60gaiha’ (187) (1.59) *°71 (160) 4865 (16g) (1.30) 9926 (145 4000
Emamectin benzoate 5 SG 4.00 2.00 2.44 267 1.44 1.44
2 @10gaiha’ 212) (1.57) 4857 (q72) 4094 (178) (1.37) 5185 (135 4800
Flubendiamide 20 WG 333 2.00 222 200 133 1.67
3. @1824gaiha’ (196) (1.57) 4857 464y 4995 (15g) (1.34) 9996 (147) 40.00
Thiodicarb 75 WP 333  1.78 1.78 200 133 1.44
4 @750gaiha’ (196) (151) °%29 (151) 9676 (15g) (1.35) 9996 (139, 48.00
Chlorantraniliprole 18.50 SC  3.67  2.00 2.1 233 167 1.56
5 @10gaiha’ 2.04) (1.58) 4857 (159) 4865 (168 (144) 4444 (139) 4400
Quinalphos 25 EC 333 144 1.67 200 0.89 1.11
6. @500ga.iha’ (196) (1.36) 0280 (147) 9946 158y (1.17) 7037 (125 6000
Chlorpyriphos 20 EC 400 1.1 1.78 233 1.11 0.89
7 @400ga.iha’ 212) (1.25) 143 (1551) 9676 (16g) (1.26) 6296 (147) 68.00
367  3.89 411 233 3.00 278
8. Untreated control (2.04) (2.09) 2.15) ~ (1.68) (1.87) (1.81) ~
SE(d) 025 011 - 017 - 020 012 - 010 -
CD (0.05) 053 024 - 036 - 044 026 - 022 -

*Mean of four observations; Values in parantheses are square root transformed values; PRC — Percent reduction over control

coccinellids before imposing the treatment were 2.33 to
3.33 and 1.67 to 2.33 coccinellids per five plants during
the first and second season respectively at Na-
raseepuram (Table 5) and 1.67 to 2.33 & 2.00 to 2.67
coccinellids per five plants during first and second sea-
son respectively at Kotagiri (Table 6). After two rounds
of spray invariably in all insecticide treated plots, popu-
lation reduction of spiders and coccinellids was noticed.
Plots treated with diamide insecticides cyantraniliprole
10.26 OD @ 60 g a.i ha™, chlorantraniliprole 18.50 SC

@ 10 g a.i ha™ and flubendiamide 20 WG @ 18.24 g a.i
ha'recorded less than 50 percent reduction of natural
enemy population. Whereas organo phosphorous in-
secticides quinalphos 25 EC @ 500 g a.i ha'and
chlorpyriphos 20 EC @ 400 g a.i ha™ were recorded
more than 60 percent reduction of spiders and coc-
cinellid population. The cauliflower ecosystem normally
contains beneficial predators and parasitoids in num-
bers that frequently provide partial to satisfactory pest
control. To conserve natural enemies, care should be
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Table 5. Effect of insecticides against coccinellids in cauliflower ecosystem (Location: Naraseepuram)

Season 1 Season 1l
ﬁl(.). Treatments Pre | Spray Il Spray Pre | Spray Il Spray
count Mean PRC Mean PRC count Mean PRC Mean PRC
L P g L R
2. E@mfg]gegt.iinhgﬁnzoatesse ?1'.356) (11'.75?1) 44.83 (21'.1519) 44.12 (11'(.5477) (1i§4177) 28.57 (11'£.3594) 34.62
B TGS I AR ANy = A
4 T@”?SBCZ?.?%WP (21..6778) (11'.75?0) 44.83 (11'(.3475) 55.88 (21'?8) (11'?594) 19.05 (11'.2321) 57.69
5. %hl%agngﬁﬂgarmemﬁosc ?1'.356) (11'.74?8) 44.83 (21'9507) 47.06 (21'?8) (11'?594) 19.05 (11'.54?3) 46.15
6. %Uisnoaép;zﬁﬁgﬁc (21'.358) (1i(.)2()0) 68.97 Zi§f1) 58.82 (11'(.5477) (11'.3335) 42.86 (11'.2320) 57.69
£ %hf(;gyéignohsago =¢ ?1'.356) (11..1216) 65.52 (11'.3334) 64.71 (21'9508) (11'(.3477) 28.57 (11".13?9) 50.00
8. Untreated control (21'.3638) (31._2923) - ?2'.7(?7) - (21'?’638) (21'.3638) (21'€.3§?4) -
SE(d) 024  0.11 0.14 022 010 - 0.12
CD (0.05) 051 024 0.30 048 021 - 0.26

*Mean of four observations; Values in parantheses are square root transformed values; PRC — Percent reduction over control

Table 6. Effect of insecticides against coccinellids in cauliflower ecosystem (Location: Kotagiri)

sI Season 1 Season 1l
Nc.). Treatments Pre | Spray Il Spray Pre | Spray Il Spray
count Mean PRC Mean PRC count Mean PRC Mean PRC

Cyantraniliprole 1026 0D 2.33 1.1 1.44 267 122 1.56

. @60gaiha’ (168) (1.26) 0000 (136) 4983 178y (1.30) 9000 (449) 4400
Emamectin benzoate 5 SG 1.67 1.56 1.44 2.33 144 1.44

2. @10gaiha’ (1.47) (1.43) 200 (137) 4583 (1gg) (1.37) 4091 (135 48.00
Flubendiamide 20 WG 167 167 1.33 200 111 1.56

3. @1824gaiha’ (1.47) (1.46) 4000 (43p) 5000 (5g) (106) 5455 (145 44.00
Thiodicarb 75 WP 200 122 1.11 233 111 1.33

4 @750gaiha’ (158) (1.30) 9600 (126) 9833 (1gg) (127) 9455 (133 5200
Chlorantraniliprole 18.50 SC  2.00  1.78 1.56 267 167 1.44

5 @10gaiha’ (158) (1.51) 3600 (4 49y 4167 (178) (1.44) 3182 (135 4800
Quinalphos 25 EC 167 133 1.11 233 089 1.11

6. @500ga.iha’ (147) (134) 9200 (196) 9833 (16g) (1.17) 6364 (126 6000
Chlorpyriphos 20 EC 200 078 1.22 200 1.1 1.11

7 @400ga.iha" (158) (1.12) 7200 130y 9417 (158) (1.26) 949% (126) 6000

233 278 267 200 244 278

8. Untreated control (168) (1.81) (1.78) (1.58) (1.72) (1.81)
SE(d) 021 017 - 012 - 019 014 - 016 -
CD (0.05) 045 036 - 025 - 041 029 - 035 -

*Mean of four observations; Values in parantheses are square root transformed values; PRC — Percent reduction over control

taken in selecting appropriate insecticides for pest
management to reduce the harmful effects caused by
them. The diamide insecticides recorded considerably
less toxic effect on the natural enemies, especially spi-
ders and coccinellids. Population reduction of natural
enemies was noticed immediately after insecticide
spray, but it gradually increased and was recorded on
par with the control population. The present result con-
firms the findings of Hiramoto (2007) and Patel and
Patel (2020), who reported that diamide insecticides

were relatively safe for spiders and coccinellids.
Conclusion

The bioefficacy of insecticides used against diamond-
backmoth and their potential impact on natural enemies
in cauliflower revealed that cyantraniliprole 10.26 OD
@ 60 g a.i ha™, chlorantraniliprole 18.50 SC @ 10 g a.i
ha™ and flubendiamide 20 WG @ 18.24 g a.i ha™ were
very effective for the management of DBM, P. xylostel-
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la. The novel mode of action of the diamide insecticides
made this group a valuable option for integrated man-
agement programs of vegetables in addition to the
safety of key beneficial insects. Even though it has
many advantages over other insecticides, its indiscrimi-
nate use should be avoided for unprovoked develop-
ment of resistance in the most tarnished pest of cole
crops.
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