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Abstract

Pest management strategies involving intercropping systems are being
developed in different research stations. However, findings on location specific
management are very limited. In order to address these problems and enhance
maize productivity by identifying location specific strategies, field experiments
were conducted at the Department of Millets, Tamil Nadu Agricultural University,
Coimbatore during kharif, 2020 and rabi, 2020-21 to reduce the incidence of FAW
in irrigated maize through different intercropping systems in sandy clay loam soil.
The experiments consisted of 5 treatments viz., T:- Maize + Tephrosia, T>- Maize +
Fenugreek, Ts- Maize + Coriander, T, Maize + Marigold and Ts- Maize alone and
these were laid out in a Randomized Complete Block Design (RCBD) with 3
replications. On the border of experimental field, a row of Bajra Napier Hybrid
grass was planted to study the influence on FAW. The results of experiments
revealed that the T4~ Maize + Marigold treatment was superior in reducing the
incidence of FAW in irrigated maize among the different intercropping systems
owing to the occurrence of natural enemies and repelling nature of marigold
which recorded higher maize equivalent yield of 6089 kg ha® with a B:C ratio of
1.84. This system of intercropping should be adopted by the farming community
to reduce the incidence of FAW in maize as it is an eco friendly approach, which
sustains the productivity of maize.
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Introduction

Maize (Zea mays L.) occupies a prime position in India among cereals in respect of
area and production next to rice and wheat. It is an all season crop grown
throughout the year in most places due to its adaptability to thrive under diverse
environment (1). It is regarded as the “queen of cereals” due to its highest genetic
yield potential, which is the outcome of genetic makeup, management techniques
or practices and environmental interactions (2). Significant efforts are being made by
the scientists and research scholars across India to exploit the yield potential of
maize. Nevertheless, productivity in India is low compared to other dominant maize
growing countries, which is attributed to climatic factors viz., intensity, duration and
distribution of rainfall, temperature, relative humidity, edaphic factors, frequent
occurrence of pests and diseases and dominance of weeds. Among the different
pests of maize, Fall Army Worm (FAW), Spodoptera frugiperda, is migratory in nature
and native to tropical and subtropical America. It was observed for the first time in
India in 2018 (3) and spread rapidly to other Asian countries. FAW is a polyphagous
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pest that has caused severe damage to different kinds of plant
species (4-6). Maize is one of the most important crop, which
continues to be affected by FAW, resulting in drastic reduction in
productivity (7). Newer molecules of insecticides viz,
Chlorantraniliprole, =~ Emamectin  Benzoate., etc. are
recommended to reduce the incidence of FAW in maize (8).
However, this method of chemical control involves high costs,
besides causing environmental contamination. Frequent usage
of pesticides might result in the development of resistance in
FAW, reducing effectiveness and leading to the buildup of
secondary  pests. Location-specific and  cost-effective
management strategies are required for sustainable
management of FAW which is more appropriate for small and
marginal farmers thus solving problems encountered in chemical
control (9). Multivarious cost effective management approaches
viz., cultural, mechanical, botanical, intercropping systems, etc.
are available for managing FAW. Among them, intercropping
systems involving leguminous and non leguminous crops is a
promising approach to mitigate the incidence of FAW in maize.
Intercropping of scented plants viz., fennel, coriander, rose and
marigold in maize attracted several natural enemies thus
reduced the incidence of FAW (10). A greater diversity of natural
enemies was observed in intercropping systems compared to
monocropping, leading to reduction in pest incidence (11). In this
context, this study was conducted to reduce the incidence of FAW
in irrigated maize through different intercropping systems.

Materials and Methods

Field experiments were conducted at the Department of Millets,
Tamil Nadu Agricultural University, Coimbatore, with
geographical coordinates approximately 11.0086°N latitude
and 76.09385°E longitude during kharif, 2020 and rabi, 2020-21
to reduce the incidence of FAW in irrigated maize through
different intercropping systems. The texture of the soil was
sandy clay loam with low available Nitrogen (229 kg/ha),
medium availability of Phosphorus (19 kg/ha) and high
availability of Potassium (498 kg/ha). The soil was saline, with a
pH of 8.19.

The treatments viz., T;- Maize + Tephrosia, T- Maize +
Fenugreek, Ts- Maize + Coriander, T,- Maize + Marigold and Ts-
Maize alone, were laid out in Randomized Complete Block
Design (RCBD) with 3 replications. Maize hybrid COH (M) 6 and
other intercrops such as Tephrosia purpurea (Wild indigo),
Trigonella foenum-graecum (Fenugreek), Coriandrum sativum
(Chinese parsley) and Tagetes erecta (Marigold) were sown in an
area of 0.203 acres with a plot size of 9 x 6 m during kharif and
rabi season. Three hundred rooted slips of Bajra Napier Hybrid
grass were planted as a border crop around intercropped field
to attract FAW. Maize and other intercrops, surrounded by Bajra
Napier Hybrid grass, helped push FAW away. Cultural
operations from sowing to harvest and post-harvest operations,
were conducted based on the Crop Production Guide
formulated by TNAU in collaboration with State Department of
Agriculture (12). Observations on percent plant infestation and
attack intensity on a scale of 1-9 (13), in maize at 20, 30 and 40
DAS (Days after sowing), tassel damage and yield data were
recorded. The recorded observations were statistically analyzed
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and critical differences were worked out at 5 % probability level
(14).

Results and Discussion

Infestation of FAW in maize as influenced by intercropping
systems

The results of experiments conducted during kharif, 2020 and
rabi, 2020-21(Table 1and Fig. 1) and the combined data from
both years indicate that different intercropping systems did
not significantly affect the incidence of FAW on 20, 30 and 40
DAS regarding plant infestation. However, lower FAW incidence
was recorded in the Maize + Tephrosia (T:) intercropping
system compared to others, with 57.1 % infestation at 20 DAS
and 52.1 % at 30 DAS. At 40 DAS, the Maize + Marigold
intercropping system recorded the lowest FAW incidence at
78.8 %. This could be due to intercropping of pest repelling or
deterring crops such as Tephrosia and Marigold with maize
and pest attracting or pulling crop viz., Bajra Napier Hybrid
grass as a border crop around the intercropped field. These
results align with the findings of previous studies (15-17).

Intercropping systems did not exert significant
influence on FAW incidence in maize at 20, 30 and 40 DAS as
per Davis scale in both the years which was also in accordance
with the mean data of 2 years (Table 2). Lower FAW incidence
of 43 and 39 was observed with Maize + Tephrosia
intercropping on 20 DAS and 30 DAS respectively. On the other
hand, at 40 DAS, Maize + Marigold intercropping system
recorded lower FAW incidence of 5.8. This might be due to
release of volatile chemicals from intercrops which helped in
repelling FAW and reduced its incidence. These results are
consistent with previous findings (18-20). Sole cropping of
maize (Ts-Maize alone) recorded higher incidence of FAW at 20,
30 and 40 DAS in respect of percent plant infestation and also
as per the Davis scale. The results are corroborating with the
findings of previous research (8) which reported that 36 % FAW
infestation was observed in intercropped maize as compared
to 95 % FAW infestation in sole cropping of maize.

With respect to tassel and cob damage score (Table 3),
the Maize + Marigold intercropping system recorded the lowest
damage of 49.5 % and 1.8 % respectively. This might be
ascribed to occurrence of more number of natural enemies
viz., ground beetle, earwig, spider, flower bug, etc. resulting in
reduced incidence of pest. This aligns with the previous
findings (21-23). Sole cropping of Maize (T5) exhibited higher
tassel and cob damage score of 65.9 % and 2.8 % respectively
at harvest.

Yield attribute and yield

The various intercropping systems did not significantly
influence the 100 seeds weight of maize during kharif, 2020 and
rabi, 2020-21 which was reflected in the mean data also.
Nevertheless, among different intercropping system, higher
test weight of 38.4 g was recorded in Maize + Marigold
intercropping system (Table 4).

Intercropping systems exerted significant effect on
grain and stover yield of maize in both the years. Maize +
Marigold intercropping system recorded the higher grain yield,
of 4545 kg ha® and 4428 kg haduring kharif, 2020 and rabi,
2020-21 respectively, with a combined mean yield of 4487 kg
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Table 1. Infestation of FAW in maize as influenced by intercropping systems

Treatments % Plant infestation (20 DAS) % Plant infestation (30 DAS) % Plant infestation (40 DAS)

Kharif,2020 Rabi,2020-21 Mean Kharif,2020 Rabi,2020-21 Mean Kharif,2020 Rabi,2020-21  Mean

Ta 56.5 57.7 57.1 54.1 50.0 52.1 83.9 81.2 82.6
T2 64.2 65.0 64.6 60.8 61.7 61.3 78.3 79.5 78.9
Ts 58.7 60.0 59.4 60.8 65.0 62.9 87.2 85.1 86.2
Ta 59.8 63.3 61.6 63.0 66.7 64.9 78.3 79.2 78.8
Ts 68.7 70.0 69.4 71.5 80.0 78.8 88.3 90.1 89.2
CD(P=0.05) NS NS NS NS NS NS NS NS NS

NS-Non significant

Fig. 1. Shows the effect of intercropping of maize with (a) tephrosia, (b) coriander, (c) fenugreek, (d) marigold and (e) maize alone as control on the infestation
of FAW.

Plant Science Today, ISSN 2348-1900 (online)
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Table 2. Effect of intercropping systems on incidence of FAW as expressed by Davis Scale
Treatments Davis Scale (20 DAS) Davis Scale (30 DAS) Davis Scale (40 DAS)
Kharif, 2020 Rabi,2020-21 Mean Kharif,2020 Rabi,2020-21 Mean Kharif,2020 Rabi,2020-21 Mean
T, 4.4 4.2 4.3 4.0 3.8 3.9 6.8 6.1 6.5
T 4.6 4.5 4.5 3.8 3.9 3.9 5.6 5.6 5.6
Ts 4.4 4.1 4.3 5.2 5.4 5.3 6.2 6.4 6.3
Ta 5.1 5.3 5.2 4.9 5.2 5.1 5.7 5.8 5.8
Ts 5.8 5.6 5.7 5.6 5.5 5.6 6.6 6.5 6.6
CD(P=0.05) NS NS NS NS NS NS NS NS NS
NS-Non significant
Table 3. Effect of intercropping systems on Tassel damage and Cob damage score (at harvest) in maize
Treatments % Tassel damage Cob damage score (at harvest)
Kharif, 2020 Rabi, 2020-21 Mean Kharif, 2020 Rabi, 2020-21 Mean
T 52.2 50.0 51.1 2.3 2.2 2.3
T, 60 61.7 60.9 2.1 2.4 2.3
Ts 58.9 60.0 59.5 2.2 2.3 2.3
Ts 48.9 50.0 49.5 1.6 1.9 1.8
Ts 66.7 65.0 65.9 2.6 2.9 2.8
CD(P=0.05) NS NS NS NS NS NS
NS-Non significant
Table 4. Effect of intercropping systems on yield attribute and yield of maize
Treatments 100 seed weight (g) Grain yield - Maize (kg/ha) Stover yield (kg/ha)
Kharif,2020 Rabi,2020-21 Mean Kharif,2020 Rabi,2020-21 Mean Kharif,2020 Rabi, 2020-21 Mean
T, 37.6 38.6 38.1 4173 4091 4132 7256 7013 7135
T, 37.7 39.5 38.6 3819 3796 3808 6484 6366 6425
Ts 37.3 38.1 37.7 3928 3884 3906 6706 6568 6637
Ta 375 39.3 38.4 4545 4428 4487 7853 7664 7759
Ts 38.1 37.9 38.0 3638 3602 3620 6092 5993 6043
CD(P=0.05) NS NS NS 547 508 517 933 702 798

NS-Non significant

ha. Although this system was on par with Maize + Tephrosia, it
demonstrated significant superiority over other systems. The
higher yield could be due to presence of Ichneumonids,
braconids and other natural enemies and repelling nature of
intercrop due to the release of volatile compounds, which
reduced FAW incidence. These findings are consistent with
previous research (24-26). In contrast, sole maize cropping
(Ts-maize alone) recorded lower yields, with 3638 kg halin
kharif2020 and 3602 kg ha™in rabi 2020-21 with a mean of 3620
kg ha? attributed to severe FAW infestation. With respect to
stover yield of maize, higher stover yield was observed with
Maize + Marigold intercropping system which recorded a mean
yield of 7759 kg ha™. This was on par with Maize + Tephrosia
intercropping system. In both the years, maize alone (Ts)
recorded lower stover yield of maize, which was ascribed to
severe infestation of FAW. The results are in accordance with
the findings of earlier studies (27, 28).

Yield of intercrops and economics

Among different intercrops, Marigold registered higher yield of
4904 kg ha, and 4712 kg ha™*during kharif, 2020 and rabi, 2020
-21, respectively with a mean yield of 4808 kg ha (Table 5). The
higher yield is likely due to the lower FAW incidence facilitated
by the volatiles produced by Marigold, which attract natural
enemies (29-31). This trend was also observed in the maize
equivalent yield, where the Maize + Marigold intercropping
system produced a significantly higher equivalent yield in both
the years among other intercropping systems with a mean of
6089 kg ha.

With respect to economics of different intercropping

systems in maize (Table 6 and 7), Maize + Marigold
intercropping system recorded higher gross return (Rs. 99094/
ha), net return (Rs. 45124/ha) and B:C ratio (1.84). This was
followed by Maize + Tephrosia intercropping. Sole cropping of
maize registered lower net return (Rs. 20217/ha) and B: C ratio
(1.50).

Conclusion

The results of the experiments revealed that the Maize +
Marigold intercropping system was superior in reducing the
incidence of FAW in irrigated maize among different
intercropping systems. It recorded a higher maize equivalent
yield of 6089 kg ha* with a B: C ratio of 1.84. The introduction of
different intercropping systems such as marigold with maize
will increase the presence of natural enemies while the
repellent properties of intercrop contribute to the lower pest
populations and enhanced crop yields.

Looking ahead, future research should focus on
expanding these findings by testing various intercropping
systems in different environments and studying the defensive
phytochemicals involved. The role of edaphic factors is also to
be studied to confirm their impact. Additionally, investigating a
wider range of companion plants and their interactions with
FAW will provide more options for integrated pest
management. Long-term studies assessing the sustainability
and economic viability of intercropping strategies will be
crucial for widespread adoption. Moreover, educating farmers
about the benefits and practical implementation of these
systems will help in promoting sustainable pest management
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Table 5. Yield of intercrops and maize equivalent yield of intercrops as influenced by intercropping systems

Maize equivalent yield of intercrops

Equivalent yield of maize + intercropping

Treatments Yield of intercrops (kg/ha) (kg/ha) system (kg/ha)
Kharif,2020 Rabi, 2020-21 Mean Kharif,2020 Rabi,2020-21 Mean Kharif,2020 Rabi, 2020-21 Mean
T1 72 61 67 720 610 665 4893 4701 4797
T, 105 97 101 280 259 270 4099 4055 4077
Ts 162 149 156 324 318 321 4252 4202 4227
Ta 4904 4712 4808 1635 1570 1603 6180 5998 6089
Ts 0 0 0 0 0 0 3638 3602 3620
CD(P=0.05) 229 236 NS 102 131 113 538 482 504
NS-Non significant
Table 6. Effect of various intercropping systems on economics of maize
Treatments Gross return (Rs./ha) Net return (Rs./ha) B:C ratio
Kharif,2020 Rabi,2020-21 Mean Kharif,2020 Rabi,2020-21 Mean Kharif,2020 Rabi,2020-21 Mean
T 80651 77533 79092 36,575 33457 35016 1.83 1.76 1.80
T, 67969 67186 67578 24,643 23860 24252 1.57 1.55 1.56
Ts 70486 69598 70042 26,760 25872 26316 1.61 1.59 1.60
Ta 100553 97634 99094 46,583 43664 45124 1.86 1.81 1.84
Ts 60662 60023 60343 20,536 19897 20217 1.51 1.49 1.50
NS-Non significant
Table 7. Cost and price of inputs and outputs experiments and VM, MR and CB have provided the study
sk No. Rs/kg materials, reviewed and edited the manuscript.
Cost of seed
1 Maize 150 . . .
) Tephrosia 150 Compliance with ethical standards
3 Fenugreek 100 Conflict of interest: Authors do not have any conflict of
4 Coriander 100 interests to declare.
5 Marigold 0.20/seedlin . .
§OC _ / & Ethical issues: None
Manures and Fertilizers
6 Farm Yard Manure 3000/ton
7 .
, Urea >0 References
8 Single Super Phosphate 7.60
9 Muriate of Potash 17 1. Adhikari K, Bhandari S, Aryal K, Mahato M, Shrestha J. Effect of
10 Azospirillum 8/200 g different levels of nitrogen on growth and yield of hybrid maize (Zea
. mays L.) varieties. J Agric Nat Resources. 2021;4(2):48-62. https://
11 Phosphobacteria 8/200 : . >
- P - ! /2008 doi.org/10.3126/janr.v4i2.33656
Price of grain
12 Maize 15 2. Jeyaraman S. Field crops production and management. New Delhi:
13 Tephrosia 150 Oxford and IBH Publishing Co. Pvt Ltd. 2017;1:74-75.
14 Fenugreek 40 3. Sharanabasappa D, Kalleshwaraswamy CM, Asokan R. First report
15 Coriander 30 of the fall armyworm, Spodoptera frugiperda (J E Smith)
16 Marigold (Lepidoptera: Noctuidae), an alien invasive pest on maize in India.
. Pest Manag Horti Eco. 2018;24:23-29. https://
17 Maize stover 1

practices, ultimately leading to more resilient agricultural
systems.
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