Agriculture Association of Textile Chemical and Critical Reviews Journal (2025) 743-747

14 July 2025: Received

05 September 2025: Revised

12 September 2025: Accepted

10 October 2025: Available Online

AATCC

Review https://aatcc.peerjournals.net/

Original Research Article Open Access

Efficacy of combination insecticides against pod fly on pigeonpea 1)
BPDokekar,© PRPanchbhai,” RM Wadaskar, BN Chaudhari,~ NV Lavhe pdaiss
and TiniS. Pillai

College of Agriculture, Nagpur Dr. PDKV, Akola, Maharashtra, India

( ABSTRACT )

Pod fly (M. obtusa) in pigeonpea is difficult to manage due to its internal larval feeding habit which significantly reduces the
effectiveness of conventional insecticides. Continuous use of single-molecule insecticides has caused resistance, pest resurgence and
environmental risks. Early detection is challenging as visible symptoms appear late and limited farmer awareness about the efficacy
and cost-benefit of combination insecticides restricts their field adoption. A field investigation was conducted during 2024-2025 at
the Entomology Section, College of Agriculture, Nagpur, to evaluate the efficacy and cost-effectiveness of combination insecticides
against pod fly (Melanagromyza obtusa) on pigeonpea. Nine treatments, including an untreated control were tested.
Chlorantraniliprole 9.3% + Lambda-cyhalothrin 4.6% ZC @ 200 ml/500 L proved most effective in reducing pod damage and grain
loss caused by M. obtusa. This was followed by Thiamethoxam 12.6% + Lambda-cyhalothrin 9.5% ZC and Novaluron 5.25% +
Indoxacarb 4.5% SC which also significantly suppressed infestation. All the combination insecticide treatments were statistically
superior to the untreated control in minimizing pod fly damage. The highest grain yield (14.03 q/ha) was recorded in the
Chlorantraniliprole + Lambda-cyhalothrin treatment contributing to better crop performance. However, Thiamethoxam + Lambda-
cyhalothrin emerged as the most economical option recording the highest ICBR of 1:9.09 with a net return of Rs. 47,751 /ha. These
results highlight the potential of selective combination insecticides in achieving both effective pest suppression and higher economic
returns in pigeonpea cultivation under field conditions. The study aims to identify insecticide combinations that provide broad-
spectrum control, longer residual activity and superior cost-benefit ratios compared to conventional single-molecule treatments.
Through field evaluation and integration of efficacy with Incremental Cost-Benefit Ratio (ICBR) analysis the research offers a
balanced assessment of both biological effectiveness and economic sustainability. The findings are expected to guide the
development of eco-efficient and practical pest management strategies for pigeonpea cultivation.
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INTRODUCTION

Pigeonpea [Cajanus cajan (L.) Millsp.] is one of the most vital
leguminous crops cultivated in India. It belongs to the genus
Cajanus within the Fabaceae family. As a major food legume it
thrives in semi-arid tropical and subtropical farming systems
across diverse agro-ecological zones. India stands as both the
top producer and the largest consumer of pulses globally
accounting for approximately 33% of the global area and
contributing about 25% to the total world pulse output. Key
pulse crops cultivated in the country include chickpea,
pigeonpea, mungbean, urdbean, lentil and field pea. [1]

The pod fly, Melanagromyza obtusa (Malloch) is a significant
pest of pigeonpea in South and Southeast Asia. Its infestation
begins from the pod filling stage and continues until maturity.
Females lay eggs on the inner pod wall, embedding them under
the epidermis of green pods. After hatching, larvae feed
internally on developing seeds, rendering them unsuitable for
consumption or planting [10]. Being an internal feeder, the pod
fly causes damage that often remains undetected until the larvae
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mature and create exit holes through a thin membrane a process
termed 'windowing'. This concealed feeding behavior
contributes to substantial hidden yield losses as damage is
frequently noticed only at harvest [17]. Pod fly infestation has
emerged as a serious issue due to its impact on both yield and
grain quality. Therefore, timely and efficient pest management
is essential including the identification of effective insecticidal
treatments that also address concerns of pesticide residues and
environmental safety. Adopting such sustainable strategies is
critical to maintaining the productivity and quality of pigeonpea
crops.

MATERIALS AND METHODS

A field experiment was conducted in Randomized Block Design
during Kkharif season at the Entomology section, College of
Agriculture, Nagpur with eight different treatments consisting
Profenofos 40% + Cypermethrin 4% EC, Pyriproxyfen 5% +
Fenpropathrin 15% EC, Thiamethoxam 12.6% + Lambda
cyhalothrin 9.5% ZC, Chlorantraniliprole 9.3% + Lambda
cyhalothrin 4.6% ZC, Cypermethrin 10% + Indoxacarb 10% SC,
Novaluron 5.25% + Indoxacarb 4.5% SC, Acephate 50% +
Imidacloprid 1.8% SP, Beta-cyfluthrin 8.49% + Imidacloprid
19.81% ZC along with untreated control were evaluated against
pigeonpea pod fly (Melanagromyza obtusa). Each treatment was
replicated thrice. The variety PKV TARA was sown in plots of 4.5
m x 4.8 m maintaining a spacing of 90 cm x 20 cm.
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To evaluate the impact of insecticidal treatments on pod fly
infestations and yield in pigeonpea, Pod fly (Melanagromyza
obtusa) damage was evaluated by examining fifty randomly
selected green pods at 7 and 14 days after the first and second
insecticide applications. Treatment efficacy was assessed by
comparing pod damage against untreated control. Grain yield
from each net plot was recorded post-harvest and extrapolated
to a per hectare basis for comparison. Finally, the economic
viability of treatments was assessed using the Incremental Cost
Benefit Ratio (ICBR), calculated by dividing the net profit (extra
yield value minus cost of protection) by the cost of plant
protection.

The data on per cent pod damage will be calculated by adopting
the following formula.

Number of damaged pods
Per cent pod damage = x 100
Total number of pods
RESULTS AND DISCUSSION
1. Effect of combination insecticides for the management of
pigeonpeapod fly.
Firstspray:

One day before application of the treatment
Prior to the application of treatments, there were no significant
differences observed in pod fly incidence across treatments.

Seven days after application of the treatment

At seven days after first spraying, all insecticidal treatments
demonstrated significant efficacy in reducing pod damage
compared to the untreated control. Among them the lowest pod
damage caused by M. obtusai.e 6.67 per cent was observed in T4
(Chlorantraniliprole 9.3% + Lambda cyhalothrin 4.6% ZC) and
was followed by T3 (Thiamethoxam 12.6% + Lambda
cyhalothrin 9.5% ZC) with 8.00 per cent, T6 (Novaluron 5.25% +
Indoxacarb 4.5% SC) with 8.67 per cent, T1 (Profenofos 40% +
Cypermethrin 4% EC) with 9.33 per cent and were at par with
each other and significantly superior over rest of the treatments.
The next treatment in order of efficacy was T5 (Cypermethrin
10% + Indoxacarb 10% SC) recorded 10.00 per cent pod
damage and was followed by T8 (Beta-cyfluthrin 8.49% +
Imidacloprid 19.81% ZC) with 10.67 per cent, T7 (Acephate
50% + Imidacloprid 1.8% SP) with 11.00 per cent and T2
(Pyriproxyfen 5% + Fenpropathrin 15% EC) with 12.00 per cent
and were at par with each other. Whereas highest per cent pod
damage by M. obtusa i.e 13.67 per cent was recorded in T9
(Untreated control). (Table 1).

Fourteen days after application of the treatment

A similar efficacy trend was observed at fourteen days after
treatment application. The lowest pod damage caused by M.
obtusai.e 7.33 per cent was observed in T4 (Chlorantraniliprole
9.3% + Lambda cyhalothrin 4.6% ZC) and was followed by T3
(Thiamethoxam 12.6% + Lambda cyhalothrin 9.5% ZC) with
8.67 per cent, T6 (Novaluron 5.25% + Indoxacarb 4.5% SC) with
9.33 per cent, T1 (Profenofos 40% + Cypermethrin 4% EC) with
10.67 per cent and were at par with each other and significantly
superior over rest of the treatments.

The next treatment in order of efficacy was T5 (Cypermethrin
10% + Indoxacarb 10% SC) and T8 (Beta-cyfluthrin 8.49% +
Imidacloprid 19.81% ZC) were equally effective with 11.33 per
centand was at par with T7 (Acephate 50% + Imidacloprid 1.8%
SP) with 12.00 per cent and T2 (Pyriproxyfen 5% +

Fenpropathrin 15% EC) with 12.67 per cent and were at par
with each other. Significantly, maximum per cent pod damage
was observe in treatment T9 (Untreated control) recorded
15.33 percent. (Table 1).

Second spray

Seven days after application of the treatment

Seven days after the second spray, Chlorantraniliprole 9.3% +
Lambda-cyhalothrin 4.6% ZC (T4) was observed to be the most
effective treatment, recording the lowest pod damage at 9.00
per cent and was followed by T3 (Thiamethoxam 12.6% +
Lambda cyhalothrin 9.5% ZC) with 9.33 per cent, T6 (Novaluron
5.25% + Indoxacarb 4.5% SC) with 10.67 per cent, T1
(Profenofos 40% + Cypermethrin 4% EC) with 11.33 per cent
and were at par with each other and significantly superior over
restof the treatments.

The next treatment in order of efficacy was T5 (Cypermethrin
10% + Indoxacarb 10% SC) and T8 (Beta-cyfluthrin 8.49% +
Imidacloprid 19.81% ZC) were equally effective with 12.67 per
cent and was followed by T7 (Acephate 50% + Imidacloprid
1.8% SP) and T2 (Pyriproxyfen 5% + Fenpropathrin 15% EC)
both recorded 12.67 per cent and were at par with each other.
Whereas highest per cent pod damage by M. obtusai.e 18.67 per
centwasrecorded in T9 (Untreated control). (Table 1).

Fourteen days after application of the treatment

Fourteen days after second spraying, all insecticidal treatments
were significantly effective in reducing pod damage caused by
Melanagromyza obtusa compared to the untreated control (T9).
The minimum pod damage caused by M. obtusa i.e 9.33 per cent
was observed in T4 (Chlorantraniliprole 9.3% + Lambda
cyhalothrin 4.6% ZC) and was followed by T3 (Thiamethoxam
12.6% + Lambda cyhalothrin 9.5% ZC) with 10.67 per cent, T6
(Novaluron 5.25% + Indoxacarb 4.5% SC) with 11.33 per cent,
T1 (Profenofos 40% + Cypermethrin 4% EC) with 12.00 per cent
and were at par with each other and significantly superior over
restofthe treatments.

The next treatment in order of efficacy was T5 (Cypermethrin
10% + Indoxacarb 10% SC) recorded 13.33 per cent pod
damage and was followed by T8 (Beta-cyfluthrin 8.49% +
Imidacloprid 19.81% ZC) with 14.67 per cent, T7 (Acephate
50% + Imidacloprid 1.8% SP) and T2 (Pyriproxyfen 5% +
Fenpropathrin 15% EC) both were equally effective recorded
15.33 per cent pod damage and were at par with each other.
Significantly, maximum per cent pod damage was observe in
treatment T9 (Untreated control) recorded 23.00 per cent.
(Table 1).

Mean per cent pod damage by pod fly

The overall mean percent pod damage recorded after the
application of insecticidal treatments revealed that the lowest
pod damage caused by M. obtusa i.e 8.08 per cent was observed
in T4 (Chlorantraniliprole 9.3% + Lambda cyhalothrin 4.6% ZC)
and was followed by T3 (Thiamethoxam 12.6% + Lambda
cyhalothrin 9.5% ZC) with 9.16 per cent, T6 (Novaluron 5.25% +
Indoxacarb 4.5% SC) with 10.00 per cent, T1 (Profenofos 40% +
Cypermethrin 4% EC) with 10.83 per cent and were at par with
each other and significantly superior over rest of the treatments.
The next treatment in order of efficacy was T5 (Cypermethrin
10% + Indoxacarb 10% SC) recorded 11.83 per cent pod
damage and was followed by T8 (Beta-cyfluthrin 8.49% +
Imidacloprid 19.81% ZC) with 12.33 per cent, T7
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(Acephate 50% + Imidacloprid 1.8% SP) and T2 (Pyriproxyfen 5% + Fenpropathrin 15% EC) both were equally effective recorded
13.33 per cent pod damage and were at par with each other. Whereas highest per cent pod damage by M. obtusai.e 17.67 per cent was
recorded in T9 (Untreated control). (Table 1).

The results of the present studies are comparable with the results of [12] reported that fipronil 4 + thiamethoxam 4 SC@ 40 +40 g
a.i./ha, thiamethoxam 25 WG @ 50 g a.i./ha and fipronil 40 + imidacloprid 40 WG @ 160 + 160 g a.i./ha provided better control of pod
fly infesting pigeonpea. Higher grain yield and benefit cost ratio was also obtained from these treatments as compared to other
insecticides and untreated control. [4] reported that novaluron + fipronil @ 80 g a.i./ha and fipronil @ 50 g a.i./ha were the best with
72.5% reduction of pod fly population for each treatment. [15] revealed that thiamethoxam 25 WG @ 75 g a.i./ha recorded lowest
pod damage (17.33%). [8] concluded that pod fly management with Lambda- cyhalothrin 2.5 EC, 5 ml/L treated plots was found
most effective than other treatments in reducing the pod fly infestation.

Table 1: Effect of combination insecticides for the management of pigeonpea pod fly during 2024-25.
(*Figurein parentheses are the corresponding square root transformed values, DBS= Days before spray, DAS= Days after spray).

Percent pod damage by M. obtusa
Tr. No. Treatment 1st spray 2nd spray Mean
1DBS 7 DAS 14 DAS 7 DAS 14 DAS
533 933 10.67 11.33 12.00
T Profenofos 40% +C thrin 4% EC 10.83
1 rofenofos 40% +Cypermethrin 4% 230) (305) (326) (334) (346)
467 12.00 12.67 1333 1533
T Pyri fen 5% + F thrin 15% EC 13.33
2 yriproxyfen 5% + Fenpropathrin 15% 215) (343) (356) (365) (391
6.00 8.00 8.67 933 10.67
T Thiameth 12.6% + Lambda cyhalothrin 9.5% ZC 9.16
3 iamethoxam % + Lambda cyhalothrin 9.5% (243) 281) (294) (305) (325)
533 6.67 7.33 9.00 9.33
T hl iliprole 9.3% + L halothrin 4.6% Z .
4 Chlorantraniliprole 9.3% + Lambda cyhalothrin 4.6% ZC 230) 258) 270) (298) (305) 8.08
4.67 10.00 11.33 12.67 13.33
T C thrin 10% + Ind b 10% SC 11.83
5 ypermethrin 10% + Indoxacarl % 215) (315) (336) (354) (365)
8.00 867 933 10.67 1133
T Noval 5.25% + Ind b4.5% SC 10.00
3 ovaluron % + Indoxacar % 279) 291) (305) (324) (334)
7.33 11.00 12.00 13.33 15.33
T Acephate 50% + Imidacloprid 1.8% SP 12.92
7 cephate 50% + Imidacloprid 1.8% (2.69) (330) (3.46) (3.64) (3.90)
6.67 10.67 11.33 12.67 14.67
T Beta-cyfluthrin 8.49% + Imidacloprid 19.81% ZC 12.33
¢ eta-cyfluthrin 8.49% + Imidaclopri & (254) (3.26) (330) (3.56) (382)
6.67 13.67 15.33 18.67 23.00
T Untreated trol 17.67
? fitreated contro (2.16) (3.70) (391) 432) (4.80)
F Test NS Sig Sig Sig Sig Sig
SEmz 0.52 021 0.19 0.17 0.18 1.15
CD - 0.62 0.58 0.52 0.54 3.44
CV% - 11.52 10.26 8.68 843 10.09

The lowest grain yield was observed in the untreated control
whichrecorded only 5.89 q/ha. (Table 2).

Incremental costbenefitratio (ICBR)
The data revealed that the application of Thiamethoxam 12.6%
+ Lambda cyhalothrin 9.5% ZC proved to be the most cost-

‘ | ‘ ‘ ‘ effective treatment, achieving the highest Incremental Cost-

% pod damage

Benefit Ratio (ICBR) of 1:9.09. It was followed by Profenofos
40% + Cypermethrin 4% EC, which recorded an ICBR of 1:8.97
and Chlorantraniliprole 9.3% + Lambda cyhalothrin 4.6% ZC
with an ICBR of 1:7.65. The treatments Cypermethrin 10% +
Indoxacarb 10% SC and Acephate 50% + Imidacloprid 1.8% SP

Treatments

Fig 1. Effect of combination insecticides for the g t of pigeonpea pod fly

during 2024-25 recorded ICBRs of 1:6.30 and 1:5.96 respectively. Pyriproxyfen
inYield 5% + Fenpropathrin 15% EC showed an ICBR of 1:5.07.
GrainYie Meanwhile, Beta-cyfluthrin 8.49% + Imidacloprid 19.81% ZC

The highest grain yield of 14.03 q/ha was recorded in treatment
with Chlorantraniliprole 9.3% + Lambda cyhalothrin 4.6% ZC,
which was statistically at par with Thiamethoxam 12.6% +
Lambda cyhalothrin 9.5% ZC with yield level of 12.91 q/haand 7} present findings are supported by the results of ®conducted
Novaluron 5.25% + Indoxacarb 4.5% SC (11.22 q/ha). These a study at the Student's Instructional Farm, A.N.D.U.A.&T,
superior treatments were followed by Profenofos 40% + Kumarganj, Ayodhya (U.P). In his evaluation of different
Cypermethrin 4% EC with 10.94 q/ha, Cypermethrin 10% +  .e5¢ments for pod fly management, Lambda-cyhalothrin 2.5 EC
Indoxacarb 10% SC with 10.38 q/ha, Beta-cyfluthrin 8.49% + ;45 ml/L proved to be the most effective, resulting in the highest

Im?daclopr.id 19(')81% ZF: with 9.54 q/ha, Ac.ephate 50(2]/0 *  grainyield 0f 29.5 q/ha, followed by Indoxacarb at 2 ml/L, which
Imidacloprid 1.8% SP with 9.26 q/ha and Pyriproxyfen 5% + yielded 28.75 q/ha.

Fenpropathrin 15% ECwith 8.42 gq/ha.

and Novaluron 5.25% + Indoxacarb 4.5% SC registered lower
cost-benefitratios of 1:4.82 and 1:2.47, respectively. (Table 3).

745. © 2025 AATCC Review. All Rights Reserved.
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The highest cost-benefit ratio was also observed with Lambda-cyhalothrin (1:22.32), closely followed by Indoxacarb (1:20.45),

indicating the superior economic performance of these treatments.

The results were in accordance with "“reported that fipronil 4+ thiamethoxam 4 SC @ 40+40 g a.i./ha, thiamethoxam 25 WG @ 50 g
a.i./haand fipronil 40+ imidacloprid 40 WG @ 160+160 g a.i./ha provided better control of pod fly infesting pigeonpea. Higher grain
yield and benefit cost ratio was also obtained from these treatments as compared to other insecticides and untreated control.

Table 2: Effect of combination insecticides on grainyield of pigeonpea

16

Tr. No. Treatments Yield gt / ha HYield gtha
T1 Profenofos 40% + cypermethrin 4% EC 10.94 B
T2 Pyriproxyfen 5% + Fenpropathrin 15% EC 8.42 )
T3 Thiamethoxam 12.6% + Lambda cyhalothrin 9.5% ZC 1291 -
Ty Chlorantraniliprole 9.3% + Lambda cyhalothrin 4.6% ZC 14.03 EA
Ts Cypermethrin 10% + Indoxacarb 10% SC 10.38 E
Ts Novaluron 5.25% + Indoxacarb 4.5% SC 11.22 .
T; Acephate 50% + Imidacloprid 1.8% SP 9.26
Ts Beta-cyfluthrin 8.49% + Imidacloprid 19.81% ZC 9.54 ’
Ty Untreated control 5.89 2
F Test Sig
SEm#+ 0.96 ! . E " " ”© v " "
CcD 2.88
CV % 16.19

Table 3: Incremental cost benefit ratio of different insecticidal combination treatments on pigeonpea

Fig 2. Effect of combination insecticides on grainyield of pigeonpea.

ity of Costof Net gain over
9“““ |ty © Cost of osto Total cost of plant . | . Value of increased control
insecticide . e treatments Labour cost + Sprayer ; Yield Yield increased over ) ICBR
Treatments N insecticides protection yield (Rs/ha) © Rank
required (For3spray) | charges (3 spray) (Rs/ha) (a/ha) control (q/ha) c/A
(Rs/ha) [GY] (B) (Rs)
(g or ml/ha) Rs/ha
(B-A)
Profenofos 40% + Cypermethrin 1:
o G 600 ml 328 984 2838 3822 10.94 5.05 38127 34305 897 it
- > -
Fy“"m"yfe"fsﬁi *EFCe"p“’pa‘h”" 150 ml 102 305 2838 3143 8.42 253 19101 15958 1:507 | VI
6
; 9
Thiamethoxam 12.6% + Lambda 450 ml 804 2412 2838 5250 1291 7.02 53001 47751 1:9.09 1
cyhalothrin 9.5% ZC
— -
Chlorantraniliprole 9:3% + Lambda 600 ml 1420 4260 2838 7098 14.03 8.14 61457 54359 1765 | 11
cyhalothrin 4.6% ZC
n
) perme‘h“;‘oloﬁ’ g”tf Indoxacarb 1200 ml 600 1800 2838 4638 1038 449 33899 29261 1:630 | v
b
5 -
Novaluron izsi/)s; Indoxacarb 2550 ml 2915 8746 2838 11584 11.22 533 40241 28657 1:247 | vl
5%
% + Imi 1d 1.89
Acephate 50% +;'Pmdad°p"d 18% 7508 272 816 2838 3654 9.26 337 25443 21789 1:596 |V
Beta-cyfluthrin 8.49% +
Imidacloprid 10619 ¢ 450 ml 630 1890 2838 4728 9.54 3.65 27557 22829 1:482 | v
Untreated control 5.89

CONCLUSION

The study emphasizes the effectiveness of combination
insecticides in managing the pod fly (Melanagromyza obtusa)
infestation in pigeonpea. Treatments like Chlorantraniliprole +
Lambda-cyhalothrin, Thiamethoxam + Lambda-cyhalothrin
and Novaluron + Indoxacarb significantly reduced pod damage
caused by Melanagromyza obtusa, resulting in higher yields and
improved economic returns. Among these, Chlorantraniliprole
+ Lambda-cyhalothrin was most effective in minimizing pod fly
damage and enhancing yield while Thiamethoxam + Lambda-
cyhalothrin recorded the highest cost-benefit ratio. All
treatments significantly outperformed the untreated control
confirming that timely application of these combinations during
the pod formation stage is a profitable strategy for managing
pod fly.

FUTURE SCOPE OF STUDY

1. Resistance Management: Continuous monitoring of
Melanagromyza obtusa populations should be done to detect
early signs of insecticide resistance and rotation of insecticides
with different modes of action should be implemented to delay
resistance development.

2. Integration with IPM: The most effective insecticide
combinations (e.g., Chlorantraniliprole + Lambda-cyhalothrin)
should be incorporated into Integrated Pest Management (IPM)
modules along with biological and cultural control practices for
sustainable pod fly management.

3. Residue and Environmental Safety Studies: Further
research isneeded to assess the residual toxicity, environmental
persistence and effects on non-target organisms to ensure safe
and eco-friendly use of these combination insecticides.
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