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Abstract

Experiment was conducted at Regional agricultural research station, Pattambi during the second crop (rabi)
season of 2019-2020, 2020-2021 and 2021-2022 to evaluate the effect of four different modules viz., (T1-
Botanical insecticide module I): neemazal 1 % @ 2 ml/l (25-30 DAT), eucalyptus oil @ 2 ml/l (45-50 DAT),
cartaphydrochloride 50 % SP @ 2 g/1 (60-65 DAT), (T2- Botanical insecticide module I1)- neemazal 1 % @ 2
ml/lit (25-30 DAT), neem oil @ 2 ml/1it (45-50 DAT), triflumezopyrim @ 0.48 ml/1 (60-65 DAT), (T3-Botanical
module)- neemazal 1 % @ 2 ml/l (25-30 DAT), eucalyptus oil @ 2 ml/l (45-50 DAT), neem oil @ 2 ml/l
(60-65 DAT), (T4-Insecticide module Chlorantraniliprole 0.4 G @ 1 g/m?(25-30 DAT), Cartaphydrochloride
50 % SP @ 2 g/1 (45-50 DAT), Triflumezopyrim @ 0.48 ml/l (60-65 DAT) with an untreated control against
major lepidopteran rice pests. The pooled analysis showed that the lowest damage of stem borer was observed
in T4 (Insecticide module) with an average mean percentage incidence of dead heart was 6.03 per cent at
30 DAT and 50 DAT which was 53.09 per cent less over control while incidence of white ear head was also
low with 32.04 per cent over control. The leaf folder damage was also significantly reduced with an average
damage of 5.37 per cent with a reduction of 50.91 per cent over control at 50 DAT and 75 DAT. Increase in
grain yield over control in the module was significantly higher with 78.17 per cent increase over control.
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and productivity of 3105 kg/ha (GoK, 2023). Rice
is the second highest pesticide consuming crop (in
terms of total quantity) in India (Kodandaram et al.,
2013). The farmers apply pesticides indiscriminately
to reduce crop losses, the main issue in agricultural
development (Reddy, 2013). As Prasad et al., (2017)
have clearly opined that it is going to be a Herculean

Introduction

Rice is the most important crop for global food and
nutritional security and is one of the most important
staple foods for more 3.5 billion people in the world
(CGIAR, 2016). The Asian countries dominate the
global rice production. India has the largest area of

rice cultivation. More than 90 per cent of the world’s
rice is grown and consumed in Asia and this crop
alone accounts for 35 to 60 per cent of the calories
consumed. China is the world’s largest producer
of rice. Rice productivity is the highest in Japan
(Gadal et al., 2019). The rice plant is attacked by
more than 128 species of insects and 20 of them
can cause serious economic loss (Kalode, 2005). In
the year 2020-2021, Kerala got an area of 205040
ha under rice with a production of 633891 tonnes

task for agricultural scientists for developing more
rice production technologies demanding lesser water,
labor, nitrogen, and pesticides. Lyla et al, (2010)
reported that major pests, such as rice stem borer and
leaf folder are the most important limiting factors
in attaining potential yield in ‘kole’ lands of Kerala.
With this background, an experiment was conducted
to compare the efficacy of various modules of pest
management including botanicals, chemicals, or both
to develop an ecofriendly pest management strategy.
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Materials and Methods

The experiment was conducted during the second
crop season (rabi 2019-2020, 2020-2021 and 2021-
2022) at Regional Agricultural Research Station,
Pattambi as a part of All India Co-ordinated Research
Project on Rice (AICRPR). The treatments were T1-
Botanical insecticide module I: neemazal 1 % @ 2
ml/l (25-30 DAT), eucalyptus oil @ 2 ml/l (45-50
DAT), cartaphydrochloride 50 % SP @ 2 g/l (60-65
DAT), T2- Botanical insecticide module II: neemazal
1 % @ 2 ml/l (25-30 DAT), neem oil @ 2 ml/l ( 60-
65 DAT), triflumezopyrim @ 0.48 ml/l (60-65 DAT) ,
T3 -Botanical module : neemazal 1 % @ 2 ml/l at (25-
30 DAT), eucalyptus oil @ 2 ml/l (45-50 DAT), neem
oil @ 2 ml/l (60-65 DAT), T4- Insecticide module
Chlorantraniliprole 0.4 G @ 1 g/m* (25-30 DAT),
Cartaphydrochloride 50 % SP @ 2 g/l ( 45-50 DAT),
Triflumezopyrim @ 0.48 ml/l (60-65 DAT) with an
untreated control (T5) against major lepidopteran rice
pests. Susceptible rice variety Jyothi (Ptb-39) was
used for the experiment. The seedlings were raised in
a nursery and 20-25 old seedlings were transplanted
to the main field. The plot size was 5m x 3m and
spacing was 20 x 15 cm. Separate bund was raised
around each plot to prevent movement of water from
one plot to another. The first application was made
at 20-25 DAT, the second application was made at
40-45 DAT and the third application at 60-65 DAT. The

granular insecticide formulations were broadcasted
in the plots while spray formulations applied using
15 litres battery operated sprayer. The stem borer
incidence was assessed by counting dead heart damage
at vegetative stage on 10 randomly selected hills per
plot one week after treatment while white ear damage
was taken by counting number of white ears on ten
randomly selected hills per plot at reproductive stage.
The leaf folder incidence was assessed by counting
damaged leaves on ten randomly selected hills per
plot. The collected data was analysed statistically by
randomized block design and means were compared
for significance at a CD of 0.05 % level.

Results and Discussion
Rice stem borer, Scirpophaga incertulas

During the first year of study (2019-2020), both
dead heart and white ear damage was the lowest in
T4-Insecticide module : Chlorantraniliprole 0.4 G @
1 g/m? (25-30 DAT) + Cartaphydrochloride 50 % SP
@ 2 g/1 (40-45 DAT) + Triflumezopyrim @ 0.48 ml/l
(60-65 DAT) with 4.74 per cent, 0.00 at 30 and 50
DAT, respectively where as white ear damage was
8.37 per cent. This was followed by T1-Botanical
insecticide module I- neemazal 1 % @ 2 ml/l (25-
30 DAT), eucalyptus oil @ 2 ml/1 (45-50 DAT),
cartaphydrochloride 50 % SP @ 2 g/l (60-65 DAT))
with 6.50, 3.25 and 11.92 % at 30, 50 and 85 DAT
respectively (Table 1).

Table 1: Effect of different treatment on the incidence of rice pests in first year (rabi 2019-2020)

Treatments Stem borer Stem borer Leaf folder Yield
(% DH) (%WE) (%DL) (Kg/ha)
30 DAT | 50 DAT 85 DAT 50 DAT | 75 DAT
T1 (Botanical insecticide module I) 6.50% 3.25% 11.92% 3.70 1.83* 1865
(0.25) (0.18) (0.35) (0.20) (0.14)
T2 (Botanical insecticide module IT) 12.77 5.87 31.51 3.85 2.30 1937*
(0.37) (0.24) (0.60) (0.19) (0.33)
T3 (Botanical module) 9.98 5.64 22.25 2.05% 3.20 1823
(0.31) (0.24) (0.48) (0.14) (0.18)
T4 (Insecticide module) 4.74% 0.00* 8.37* 1.10% 0.80* 4855*
(0.22) (0.00) (0.30) (0.08) (0.08)
T5 (Untreated control) 12.60 17.66 27.29 5.42 8.12 1677
(0.36) (0.43) (0.55) (0.23) (0.29)
CD(0.05) 0.08 0.06 0.21 0.08 0.06 754

Figure in parentheses are arcsine-transformed values, DAT: Days after transplanting
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In the second year of study (rabi 2020-2021)
significantly lower dead heart damage of 6.08 per
cent was recorded at 30 DAT in T3-Botanical module:
(neemazal 1 % @ 2 ml/l (25-30 DAT), eucalyptus oil
@ 2 ml/l (45-50 DAT), neem oil @ 2 ml/l (50-65
DAT) followed by T2- Botanical insecticide module

II: neemazal 1 % @ 2 ml/lit ( 25-30 DAT), neem oil
@ 2 ml/lit (60-65 DAT), triflumezopyrim @ 0.48 ml/l
(60-65 DAT). However, at 50 DAT and at 85 DAT,
there was no significant difference between treatments
in terms of percentage of dead heart and white ear
head incidence (Table 2).

Table 2: Effect of different treatments on the incidence of rice pests in second year (rabi 2020- 2021)

Treatments Stem borer Stem borer Leaf folder Yield
(% DH) (%WE) (%DL) (Kg/ha)
30 DAT 50 DAT 85 DAT 50 DAT 75 DAT

T1 (Botanical insecticide module I) 8.97 10.41 8.26 6.77 9.07 2472*
(0.30) (0.32) (0.29) (0.25) (0.25)

T2 (Botanical insecticide module IT) 6.80* 9.39 12.61 5.94% 8.03* 2385
(0.26) (0.32) (0.35) (0.23) (0.26)

T3 (Botanical module) 6.08%* 7.54 16.54 6.74 8.48 2306
(0.25) 0.27) (0.39) (0.23) 0.27)

T4 (Insecticide module) 7.14 8.58 7.59 4.68* 6.05% 4048%*
(0.26) (0.30) 0.27) 0.17) (0.21)

TS5 (Untreated control) 11.68 12.53 13.31 9.95 11.93 2271
(0.33) (0.36) (0.38) (0.30) (0.35)

CD(0.05) 0.08 NS NS 0.08 0.06 1026

Figure in parentheses are arcsine-transformed values, DAT: Days after transplanting

There was no significant difference among the

modules in dead heart and white ear damage during

the third year of study i.e., rabi 2021-2022 (Table 3).

Table 3: Effect of different treatment on the incidence of rice pests in third year (rabi 2021- 2022)

Treatments Stem borer (% DH) Stem borer Leaf folder (%DL) Yield
(%WE) (Kg/ha)
30 DAT 50 DAT 85 DAT 50 DAT 75 DAT

T1 (Botanical insecticide module I) 9.98 10.53 57.67 3.78 5.46 2197
(0.30) (0.32) (0.87.) (0.19) (0.23)

T2 (Botanical insecticide module II) 9.05 10.97 51.70 2.63* 4.15* 2125%
(0.29) (0.32) (0.80) (0.16) (0.20)

T3 (Botanical module) 9.95 5.93 48.61 2.72 4.64 2117
(0.31) (0.24) 0.41) (0.16) (0.21)

T4 (Insecticide module) 9.57 6.11 48.00 0.74* 2.93% 3424%
(0.32) (0.25) (0.76) (0.08) 0.17)

T5 (Untreated control) 9.57 14.47 53.52 8.48 8.99 1961
(0.32) (0.38) (0.78) (0.29) (0.30)

CD(0.05) NS NS NS 0.06 0.06 955

Figures in parentheses are arcsine-transformed values, DAT: Days after transplanting
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The pooled analysis of all the three years of
study showed that T4: Insecticide module-
Chlorantraniliprole 0.4 G @ 1 g/m? (25-30 DAT) +
Cartaphydrochloride 50 % SP @ 2 g/1 (40-45 DAT) +
Triflumezopyrim @ 0.48 ml/l (60-65 DAT) recorded
the lowest dead heart damage of 4.90 per cent

followed by T3: Botanical module - neemazal 1 % @
2 ml/l (25-30 DAT), eucalyptus oil @ 2 ml/l1 (45-50

Table 4: Pooled analysis of all three years/seasons

DAT), neem oil @ 2 ml/l (60-65 DAT) with 6.37 %
at 50 DAT. The mean dead heart damage at 30 and 50
DAT in T4 treated plots was 6.03 per cent and that of
T3, it was 7.52 per cent in comparison with 13.08 per
cent damage in control plots. The T4 and T3 modules

showed percentage reduction of dead heart to the tune
0f 53.09 and 42.51 over control (Table 4).

Treatments Stem borer % Reduction | Stem borer | % Reduction Leaf folder % Reduction Yield % increase
(%DH) over control (%WE) over control (%DL) over control | (Kg/ha) | in yield over
30 50 85 50 75 control
DAT DAT DAT DAT DAT
Tl 8.42 8.06 37.00 25.95 17.28 6.77 9.02 27.79 2472% 8.80
(0.28) | (0.27) (0.50) (0.25) | (0.28)
T2 9.54 8.74 30.12 31.94 -1.78 5.94* 8.05* 36.01 2385 4.97
(0.31) | (0.29) (0.58) (0.23) | (0.26)
T3 8.67 6.37* 42.51 29.13 7.14 6.74 8.48 30.44 2306 1.50
(0.29) | (0.25) (0.55) (0.23) | (0.27)
T4 7.15 4.90* 53.09 21.32 32.04 4.68% 6.05* 50.91 4048* 78.17
0.27) | (0.18) (0.44) (0.17) | (0.21)
T5 11.28 14.87 31.37 9.95 11.93 2272
(0.34) | (0.39) (0.57) (0.30) | (0.35)
CD(0.05) NS 0.13 NS 0.08 0.05 943

Figure in parentheses are arcsine-transformed values, DAT: Days after transplanting

Pooled analysis of white ear head damage showed that
there was no significant difference among treatments,
however the lowest incidence was recorded in
T4: Insecticide module with 21.32 per cent and
reduction of 32.04 per cent over control (Table 4).
Karthikeyan (2018) reported that in trials conducted
at farmers field, white ear incidence was the lowest in
chlorantraniliprole 18.5 SC treated plots with 4.0 per
cent followed by Fipronil 5 % EC, Chlorantraniliprole
04 % G, Lufenuron 5.4 % EC and Fipronil
0.3% Gwith7.5,7.9, 8.6 and 9.0 per cent respectively.
In another experiment conducted in both kharif and
rabi seasons (Karthikeyan, 2019), Chlorantraniliprole
18.5 % SC and Flubendiamide 480 SC were found most
effective with only 4.14 and 4.64 per cent dead hearts
at 30 DAT respectively. At 50 DAT Flubendiamide
480 SC recorded the lowest dead hearts (1.17 per
cent) followed by Chlorantraniliprole 18.5 SC and

Flubendiamide + Thiacloprid 480 SC with 1.59 and
1.69 per cent dead hearts, respectively.

Rice leaf folder, Cnaphalocrocis medinalis

During the first year of study (rabi 2019-20),
T4 : Insecticide module with Chlorantraniliprole
04 G @ 1 g/m* + Cartaphydrochloride 50 % SP
@ 2 g/l + Triflumezopyrim @ 0.48 ml/l recorded
the lowest leaf damage of 1.10 , 0.80 % at 50 and
75 DAT, respectively. At 50 DAT, second lowest
damage (2.05 %) was recorded in T3 : Botanical
module with neemazal 1 % @ 2 ml/l (25-30 DAT),
Eucalyptus oil @ 2 ml/l (45-50 DAT), Neem oil @
2 ml/l (60-65 DAT) and at 75 DAT T1: Botanical
insecticide module I having Neemazal 1 % @ 2 ml/l
(25-30 DAT), Eucalyptus oil @ 2 ml/1 (45-50 DAT),
Cartaphydrochloride 50 % SP @ 2 g/l (60-65 DAT))
had only 1.83 per cent leaf damage (Table 1).
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During the second year of study (rabi 2020-2021) T4:
Insecticide module recorded the lowest leaf damage
(4.68 & 6.05 %) at both 50 and 75 DAT respectively
that is similar to the first season of study. The second-
best treatment was T2: Botanical insecticide module
[I-Neemazal 1 % @ 2 ml/lit (25-30 DAT), Neem oil
@ 2 ml/lit (45-50 DAT), Triflumezopyrim @ 0.48
ml/l (60-65 DAT) with only 5.94 and 8.03 % per cent
leaf damage at 50 and 75 DAT respectively (Table 2).

Similar trend was observed in the third year
(rabi 2021-2022), with the
incidence of 0.74 and 2.93 9% leaf damage in

of study lowest
T4: Insecticide module - Chlorantraniliprole 0.4 G
@ 1 g/m* + Cartaphydrochloride 50 % SP @ 2 g/l
+ Triflumezopyrim @ 0.48 ml/l) at both 50 and 75
DAT respectively. This was followed by T2-Botanical
insecticide module II: Neemazal 1 % @ 2 ml/lit
(25-30 DAT), Neem oil @ 2 ml/lit (45-50 DAT),
Triflumezopyrim @ 0.48 ml/l (60-65 DAT) with
2.63 and 4.15 % at both 50 and 75 DAT respectively
(Table 3).

The pooled analysis showed that T4-Insecticide
module (Chlorantraniliprole 04 G @ 1 g/
m? + Cartaphydrochloride 50 % SP @ 2 g/l +
Triflumezopyrim @ 0.48 ml/l) was superior to all
other treatments with 4.68 and 6.05 % leaf damage at
50 and 75 DAT respectively and a mean leaf damage
of only 5.37 %. This accounted for 50.91 % reduction
over control followed by T2-Botanical insecticide
module II : (Neemazal 1 % @ 2 ml/lit (25-30 DAT),
Neem oil @ 2 ml/lit (45-50 DAT), Triflumezopyrim
@ 0.48 ml/l (60-65 DAT) ) with 5.94 and 8.05 % at
50 and 75 DAT respectively with a mean leaf damage
of 7.0 % and percentage reduction of 36.01 % over
control (Table 4).

In another study conducted at Chattisgarh by Batta
et al., (2023) the lowest per cent of dead heart (3.7
%) and white ear head (2.0 %), was reported in
Chlorantraniliprole 0.4 G + Cartap hydrochloride
50 % SC + Triflumezopyrim 10 % SC applied plots

MR

followed by all botanicals (Neemazal 1 % EC +
Eucalyptus oil + Neem oil) treated plots with 3.75 %
dead heart and 2.4 % white ear head. All insecticide
treatment, Chlorantraniliprole 0.4 G + Cartap
hydrochloride 50 % SC + Triflumezopyrim 10 %
SC was proved effective in reducing white ear head

damage to the tune of 1.3 per cent in comparison with
28.8 percent infestation in control and it also recorded
the lowest leaf damage of 2.45 % compared to
untreated control (17.2 %) in an experiment conducted
at Ayodhya (Rajpoot et al., 2021). The studies clearly
show the increased persistence of chemical when
compared with botanicals. The all botanicals module
came second in performance, which warrants more in
vitro study on the combination and the performance
of insecticides and botanicals. In a comparable
trial conducted at Orissa, an all insecticide module
comprising of Fipronil 5 % SC @ 1500 ml/ha at
25-30 DAT, Rynaxypyr 20 % SC @ 150 ml/ha at
45-50 DAT and Triflumezopyrim 106 SC @ 240 ml/
ha at 65-70 DAT treated plot recorded significantly
higher per cent reduction of stem borer and leaf folder
incidence (Seni et al., 2022). All botanical modules
as well as combination modules gave promising
results in managing both stem borer and leaf folder.
Mandawi and Kale (2023) reported 86.60 per cent
reduction over control in stem borer infestation
through Chlorantraniliprole 0.4 G @ 1 g/m?, Cartap
hydrochloride 50 % SC @ 2 g/l and Triflumezopyrim
10 % SC @ 0.48 ml/1 treatment. This was followed by
combination treatment of Neemazal 1 % EC @ 2 ml/l,
Eucalyptus oil @ 2 ml/l and Cartap hydrochloride
50 % SC @ 2 g/l with 63.09 reduction over control.
Similarly, there was 83.08 per cent and 54.29 per cent
reduction in leaf folder incidence in same treatments.
Karthikeyan (2019) reported that Chlorantraniliprole
18.5 SC had the lowest leaf folder damage of 3.53 per
cent in a two season trial conducted during kharif and
rabi seasons.

In an all botanical study conducted at Raipur by
Choudhary ef al., (2017) Nimbecidine @ 5 ml/l was
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the most effective with overall mean of 6.36 per cent
dead heart and 14.00 per cent white ear head which
was closely followed by Neem oil @ 5 ml/l which
had 6.82 percent dead heart and 16.58 percent white
ear head. Rajpoot et al., (2020) reported that among

the biopesticide tested, Neem azal @ 1.0 ml/l was
found most effective against yellow stem borer of rice
resulted with lower dead heart % 3.5 (30 DAT), 3.2
(50 DAT) and white ear % 1.9 followed by Lemon
grass oil @ 1.0 ml/l was effective against yellow stem
borer of rice resulted with lower dead heart % 6.2 (30
DAT), 5.3 (50 DAT). In the present study also, the
all botanical module included successive application
of Nimbecidine, Eucalyptus oil and Neem oil. In a
different study comprising combination of insecticide,
botanical and bioagent, Imidacloprid and Neem Oil
+ Bacillus thuringiensis kurstaki was reported as
effective and ecofriendly combination for rice leaf
folder management (Morya and Prakash, 2019).
Rajpoot et al., (2020) Neem azal was also found
effective to control incidence of leaf folder % 3.5 (30
DAT), 5.1 (50 DAT) and yield kg/ha (4155 kg/ha).
Katti (2013) opined that even though botanicals show
moderate performance in pest management, they are
inconsistent in comparison to chemical insecticides
that have been found superior in terms of their curative
effect, easy application and availability.

Grain yield

During all three years of study (rabi 2019-2020, 2020-
2021 and 2021-2022), the highest grain yield was
recordedinT4-Insecticidemodule: Chlorantraniliprole
0.4 G @ 1 g/m*+ Cartaphydrochloride 50 % SP @ 2
g/l + Triflumezopyrim @ 0.48 ml/l with 4855, 4048
and 3424 kg/ha respectively (Tables 1, 2 and 3).
The pooled analysis over three years also showed the
highest grain yield of 4048 kg/ha and an increase of
78.17 per cent over control in all insecticide module
(Table 4). Further analysis of impact of botanicals
and botanical insecticide combinations on grain yield
is warranted.
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