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Role of intercropping in sustainable Insect-pest
management: A Review

ABSTRACT

Reduced soil fertility and rising pest and disease pressures are contributing
to the already serious problem of global food insecurity. Monoculture is the
most labour and resource-intensive form of crop production around the globe.
Unfortunately, monocultures are more vulnerable to pests, diseases, and
weeds, so the expansion of this system is accompanied by a host of
biological issues. Negative effects on the environment, human health, and
ecosystem stability are all associated with monocropping because it relies so
heavily on the use of chemical plant protection products of all generations of
pesticides. Although crop production strategies are important for overall
enhancement in production, the intercropping can help farmers in attaining
raised economic returns by taking multiple crops in a single season.
Intercropping is an alternative strategy for improved resource use efficiency,
environmental safety, and sustainable pest management without the use of
chemical pesticides that can help mitigate these risks. Intercropping (two or
more crop species coexisting) is a cultural practice in pest management that
reduces insect pests by increasing ecosystem diversity. Intercropping and
planting crops that kill or repel pests, attract natural enemies, or have
antibacterial effects can reduce disease and pest damage and pesticide use.
Intercropping, where crops grow between main crops, reduces the likelihood
of pest infestation. Intercropping is a potential pest management practice
because it diversifies crops in an agro-ecosystem to reduce insect
populations and attacks. Intercropping relies on a deep understanding of
insect ecology and crop traits. Intercropping can be used alone or in
combination with host-plant resistance and biological control. Intercropping
ensures crop yield stability, protects against crop failure, improves soil
fertility, increases soil conservation, and reduces pesticide use, minimizing
agriculture's environmental impact. The aim is to define the role and
importance of intercropping as a strategy in crop pest management and as a
boost for crop production vis-a-vis soil fertility.

Keywords: Environmental impacts, Intercropping, Pesticide, Sustainable pest
management, Insect ecology, Environmental safety, Pest infestation.

1. INTRODUCTION

A doubling (100-110%) of crop production relative to its 2005 level is required
to feed the 9.6-12.3% increase in the global population by 2100 [1, 2]. Losses of 10-
16% of crop production due to pests [3, 4] pose a real threat to entire world regions
and significantly reduce agricultural yield [5, 6, 7, 8]. Furthermore, there is growing




concern that climate change will cause an increase in plant damage from pests in the
coming decades [9, 10, 11]. Global yield losses of rice, maize, and wheat grains are
projected to increase between 10 and 25% per degree of global mean surface
warming. The average increases in yield losses due solely to pest pressure amount to
59, 92, and 62 metric megatons per year for wheat, rice, and maize, respectively, in a
projected scenario of a 2 °C warmer climate [12].

Alternative control methods within the framework of integrated pest
management (IPM) have gained popularity as a result of the negative effects of
synthetic pesticides [13] on the environment and human health [14], as well as
reduced efficacy due to resistance within pest populations [15]. The "push-pull”
strategy and the introduction of biological control agents are two common IPM
systems that are widely used to achieve long-term control [16, 17]. One:=important
aspect of push-pull strategies is the use of volatile plant compounds, toinfluence
insect behavior [18, 19, 20]. Volatile compounds produced by plants are used by
insects to identify and locate potential food and breeding plants [21, 22]4So, non-host
plants (e.g., aromatic plants) can be used to create insect repellents, anti-feedants, or
insecticides because they release volatiles with repellent or deterrentiproperties in
response to an attack [23, 24]. However, the ‘appropriate/inappropriate landings
theory' suggests that the presence of non-host plants may interfere with host-plant
finding and host-plant acceptance behavior by giving. insects a choice of green
surfaces on which to land (host and non-host plant leaves) [25, 26]. Attracting natural
enemies to the area through intercropping, particularly with‘aromatic plants [27, 28],
providing food resources [29, 30, 31], or providing shelter and oviposition sites can all
increase the efficacy of biological control. It'is.important to evaluate the effects of
intercropped plants on both pests and natural enemies in order to optimize pest
control in intercropping systems [32]: In this regard, an attempt was made to
scrutinize the available literature and collect the information on the research carried
out on intercropping worldwide over a period of time and look for the possible
insights for future research in this domain.

Improving crop yield and. income through intercropping is a time-honored
agronomic practice [33, 34, 35, 36, 37, 38]. To reduce the prevalence of pests and
diseases and to encourage the 'growth of natural predators, it is an extremely useful
strategy [39]. Reducing the damage caused by diseases and pests and lowering the
need for pesticides can be accomplished through the strategic use of intercropping
and the planting of crops that can kill or repel pests [40, 41], attract natural enemies
[42, 43, 44], or possess antibacterial effects in between the rows of economic crops
[45, 46, 47, 48}. Intercropping, which promotes plant diversity, can boost crop
productivity! and ensure greater and more consistent yields, bringing additional
economic “benefits [49]. As a result, it provides more financial security than
monoculture andiis thus well-suited to small farms that require a lot of human labor.
As an:added bonus, intercropping reduces the need for fertilizer and pesticides [50],
lessening the negative effects that agriculture has on the environment and allowing
for more effective biological insect pest management.

2. OBJECTIVES OF INTERCROPPING: The major objectives of intercropping
include:

1. Intercropping is aimed at production maximization under limited land availability

2. It can serve as an alternate for generation of additional incrome through crop
diversification.

3. It can serve as a soil fertility booster by improving the soil microflora and
ecological diversification in soil.

4. It can help in minimizing the dependency on chemical fertilizers especially under
legume intercropping system through improvement in soil fertility status and nutrient
utilization capacity.



5. It can serve as a potential alternative for enhancing land use efficiency by
occupation of limited arable land under diverse crops.

3. PROBLEMS ASSOCIATED WITH MONOCROPPING:

Monocropping is the utilization of same land for single crop year after year.
The concept is ideal for crop production but needs favorable conditions and
may require higher production costs. However, the bottlenecks still remain as
it does not provide any insurance under a complete crop failure owing to
weather adversities or incidence of pests and diseases. The problems
associated with monocropping include:

3.1. Higher pest infestation: Due to the lack of genetic diversity. of plants,
pests thrive on farms where only one type of crop is grown year after year [51]
3.2. Higher pesticide use: Reduced biodiversity makes moneoculture crops
more vulnerable to pests and diseases, prompting a higher. reliance on
pesticides to protect the crop, which in turn increases the likelihood of pest
resistance [52, 53].

3.3. Soil degradation and fertility loss: The delicate equilibrium of soils is
disrupted by monoculture farming. Growing the same crop year after year
depletes soil nutrients and leads to a decline in.the diversity of bacteria and
microorganisms [54].

3.4. Higher use of fertilizers: Growing only one type of crop on a given plot of
land eventually depletes and exhausts the soil.because it has no living
organisms to replenish its natural diversity. Farmers often use chemical
fertilizers, which disrupt the delicate balance of the ecosystem by altering the
soil's natural composition, to artificially increase the fertility of their degraded
fields [55].

3.5. Higher water use: If only one.type of crop is grown on a piece of farmland,
the soil will deteriorate and water. will be wasted because the root systems
aren't strong enough to hold the soil together. This is why such farmlands
have an uneven distribution of water after rainfall. It is necessary for farmers
to increase their water consumption to compensate for this loss.

3.6. Decrease in biodiversity: As a result of the overuse of chemical pesticides
in monoculture; biodiversity declines, and the ecosystem as a whole suffers.
3.7. Negativemimpact on pollinators: As pesticide use increases in
monoculture, pollinating insects become sicker and eventually die off, and
their absence from the ecosystem is a direct result. The use of chemicals has
a serious impact on pollinizers and therefore it is often recommended to avoid
chemical sprays during bloom.

3.8. Economic risks: In the event of a catastrophic failure in crop
development, such as an unusually long drought, unusually heavy rainfall, or
an infestation of a particularly virulent strain of a pest, for example, a
monoculture farm could lose its entire harvest all at once [56].

3.9. Environmental degradation: Chemicals are overused in monoculture,
leading to environmental degradation. These chemicals not only deteriorate
the soil health but also lead to deterioration of soil micro biota especially the
beneficial microbes [57].

4. PESTICIDE CONSUMPTION IN WORLD AND INDIA:



Pesticides are the chemical or mixture of chemical substances aimed
to prevent or destroy the losses due to biotic species likewise weeds,
diseases, insects, etc., by mitigating the target pest. A pesticide is typically a
chemical or biological agent, such as a virus, bacterium, antibiotic, or
disinfectant, that discourages, renders ineffective, or Kills pests. It is
frequently applied to get rid of or manage a wide range of agricultural pests
that can harm livestock and crops and lower farm output. Global production
and use of pesticides are on the rise (Fig. 1) production of BHC began in India
in 1952 at a plant in Calcutta, and today India is the largest producer of
pesticides in Asia after China and the twelfth in the world, according to the
Food and Agriculture Organization. Technical grade pesticide production in
India has increased steadily from 5,000 metric tonnes in 1958, to, 102,240
metric tonnes in 1998. In 1996-97, it was estimated that worldwide demand for
pesticides would reach Rs. 22 billion (USD 0.5 billion), representing roughly
2% of the total market [58]. The graph shows that in the last seven decades,
pesticide use in India has increased hundreds of times, from 154 MT in 1953-
54 to 57,000 MT in 2016-17. India used 80,000 MT of pesticides in just one year
between 1994 and 1995 [59].

The use of pesticides was highest in Maharashtra.in 2016-17, followed
by Uttar Pradesh, Punjab, and Haryana. Pesticide use was highest in Punjab
(0.74 kg per acre), then Haryana (0.62 kg), and finally Maharashtra (0.40 kg)
(0.57 kg). Figure 2 shows that the two states of Maharashtra and Uttar Pradesh
are responsible for 41% of India's total. consumption of pesticides.
Collectively, the six most populous states in India use more than 70 percent of
the country's crop protection. chemicals. Due to rising health and
environmental awareness, many people today opt for non-chemical, all-
natural alternatives to traditional, synthetic ones. Biopesticide is becoming
increasingly popular as a result of its many advantageous properties, such as
low toxicity to non-target organisms, high efficiency, rapid biodegradation,
and suitability for use in integrated pest management (IPM) initiatives. It's no
secret that biopesticides could be used without negatively impacting the
ecosystem [60].
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Fig. 1: Pesticide usage and consumption in World.
Source: [56]
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Fig. 2: State wise pesticide consumption in India.
Source: [56]

4.1. Adverse Effects of Pesticides:

Pesticides can have a major. impact on the production workers,
formulators, sprayers, mixers, loaders, and agricultural farm workers
and all those who are directly or indirectly exposed. This can cause
serious health hazards in humans and may damage the ecological
diversity as well. Besides being possible human carcinogens,
mutagens, and acetylcholinesterase inhibitors, most of these
pesticides cause chronic toxicities like reproductive toxicity,
genotoxicity, endocrine disruption, kidney damage, metabolic
alterations, liver and bladder toxicity, gastrointestinal problems,
etc.[61,62,63]

The effects of pesticides on food commodities as a result of poisoning
and increased residue retention on crops is a serious problem
especially to the final consumers and the presence of residues in the
food products makes the produce unacceptable in the global markets
following the strict guidelines from international food standard
committees like CODEX Alimentarius Commission, FSSAI, etc., [64,65].
Pollution of water sources and other forms of plant life are just two
examples of the environmental effects. Pesticides aren't just bad for
the insects and weeds they're meant to kill; they can also be harmful to
birds, fish, beneficial insects, and non-target plants.

Surface and subsurface water contamination from untreated plant and
soil runoff in addition to detrimental effects on soil health, such as
those caused by persistent pesticides.



 Reducing the population of pollinators and beneficial soil
microorganisms can result in a loss of biodiversity, which has an effect
on soil fertility.

» Sprays of pesticides can contaminate nearby air, soil, and non-target
plants in several ways: by landing directly on the plants, by drifting
from the treated area, or by evaporating into the air.

5. Intercropping as an alternative to chemical pesticides for sustainable insect
pest management

% One of the key cultural practices in pest management, intercropping
(where two or more crop species are grown together and coexist for a
time) is predicated on the idea that increasing biodiversity iin.a given
area will lead to a decrease in the prevalence of insect pests [66].
Therefore, reducing the harm inflicted by pests and diseases and
lowering the need for pesticides can be accomplished through the use
of appropriate crop pairing for intercropping and the planting of crops
that can kill or repel infestations, attract natural enemies or acquire
antimicrobial action in between the rows of economic crops. Pests are
less likely to infest intercropped crops than main crops. By increasing
crop diversity within a given agro-ecosystem, intercropping has a
potential to serve as a cultural practice based strategy for pest
management by lowering the insect population and the frequency with
which it attacks individual plants (Fig. 3).
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6. TYPES OF INTERCROPPING:
6.1. Row-intercropping: Planting two or more crops at once, with one or

more crops planted in straight rows and the other(s) planted either next to
or at random among them.

6.2. Mixed- intercropping: Concurrently cultivating two or more crops in a
field without using a definite row arrangement. This variety has the
potential to thrive in pastures where grass and legumes are grown in



symbiosis. When you plant a variety of crops together, you fortify your
main crop against storms, freezes, and droughts.

6.3.  Strip-intercropping: To practice multi-cropping, two or more crop
varieties are grown on the same plot of land in narrow strips that are wide
enough to accommodate individual plantings but narrow enough to
prevent physical interactions between the plants.

6.4. Relay- intercropping: Multiple crop cultivation during a single growing
season. Planting a second crop occurs when the first has completed its
reproductive cycle but is still a few months away from being harvested.

6.5. Alley cropping: Planting rows of food between hedges, trees, or
bushes. The strong root systems of taller plants protect the soil from
erosion and provide shade for the roots of shorter plants.

6.6. Trap cropping: The intercropping method is useful for preventing
damage to the primary crop by trapping pests. The basic idea is to lure
pests or disease-causing organisms to the secondary crops instead of the
primary cash crop.

6.7. Repellent intercropping: The use of plants that naturally deter pests is
a sustainable method of pest control that.can be implemented in this
cropping. Certain species are used for:their natural repellent properties,
which keep predators away from the cash crop.

7. Mechanisms of reduction in pestincidence by intercropping:

Reducing the population growth rate of the attacking organism is one of

three ways in which associated plants in an intercropping system can

mitigate pest or disease attacks.

s When an associate crop is present, plants of the attacked component
suffer (e.g. the-host component is less vigorous and smaller in the
intercrop than when sole-cropped).

< By diluting the host plant, the associate crop makes it more difficult for
the attacking organism to do its damage-inducing work.

% The host's environment is altered by the associate crop in a way that
benefits the organism's natural predators.

8. Push-pull agricultural pest management:

*_ Intercropping with repellent "push" plants and trap "pull" plants is
known as "push-pull technology,” and it is used to reduce the number
of agricultural pests. Stem borers, for instance, are a common pest of
cereal crops like maize and sorghum (Fig. 4). Planting grasses around
the crop's perimeter attracts and traps the pests, while planting plants
like Desmodium in the spaces between the maize rows deters pests
and helps keep Striga under control. The ICIPE in Kenya and
Rothamsted Research in the United Kingdom created the push-pull
system.
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Fig. 4: Figure showing Push-pull pest management in Maize crop
8.1. Principles of Push-pull strategy of insect pest management:

The push-pull strategy seeks to maximize control efficacy, efficiency,
sustainability, and output while minimizing unintended consequences to the
environment. Each part of the strategy-s unlikely to reduce pest populations
as effectively as a single application of.a broad-spectrum insecticide. Yet,
when both push and pull elements are used together, performance improves
[67]. Pests can be contained more effectively and their population reduced
more rapidly by moving them to one central location. The use of broad-
spectrum, synthetic insecticides is discouraged in favor of biological control
methods or highly selective botanicals for population reduction. It is
recommended that semiochemicals be made from renewable sources like
plants, and this is increasingly possible [68]. If you want to get the most out of
your farm without spending too much money, you should use harvestable
intercrops or trap crops;instead of sacrificial crops [69]. Understanding the
biology of the.pest and the behavioral/chemical ecology of its interactions
with its hosts, conspecifics, and natural enemies is crucial to the development
of reliable;.robust, and sustainable push-pull strategies. Each tactic uses a
unique set of components that is tailored to the pest at hand (based on
factors like its specificity, sensory abilities, and mobility) and the resource
that is being guarded.

9. Advantages and disadvantages of intercropping systems:

Table 1 outlines the positives and negatives of intercropping systems
in agriculture. Table 2 lists crops that are recommended for their ability to
reduce pest occurrence when grown in between other crops. In Table 3,
several examples of crop pests whose population dynamics have been
observed to shift as a result of intercropping are given. In Table 4, some
examples of intercrops used as trap crops in farming practices are presented,
and in Table 5, the results of scientific trials are given, that have used
intercropping as a tool for reducing pest populations.



Table 1: Benefits and uncertainties of intercropping systems

Benefits

Uncertainties

Efficient use of available land

Inadequate possibilities for production
mechanization

Possibility of multiple harvests per
year

Harvesting produce more challenging

Increasing crop diversity to ensure
market supply

Demand for management has increased

Potential crop failure risks may be
mitigated

There is no major harvest of stable or
cash crops

Farmers may be able to handle price
fluctuations

Disparately matched. intercrops reduce
yields of primary.crops

Greater productivity and less wasteful
use of materials

It's possible that increasing the soil's
nitrogen . levels through intercropping
won't have much of an effect

Increase the amount of nitrogen in the
soil gradually over time, especially if
legumes are planted

The use of herbicides might be limited

Different plant species have different
root systems, and this may lead to
better soil structure

Possibility of allelopathy

energy-intensive farming inputs

Improving rotational control of soil | Decline in crop specific pesticide use
erosion

Reduction in pests, diseases and | May increase drudgery

weeds

Reducing eutrophication and | Potentially  challenging intercultural
emissions by decreasing the use of | operations

Table 2: Recommended crops that impact the occurrence of pests

intercropping conditions

under

S. No. | Intercrop Major Taxa | Main pest Reference
1. Alfalfa, carrot, maize, | Aphids Aphis gossypii [70]
mungbean, wheat,
sunflower, sorghum
2. Cowpea, safflower, | Plant bugs Lygus Hesperus [71]
sunflower




3. Apricot Thrips Thrips tabaci [72]
4, Wheat Predatory Nabis sinoferus [73]
bugs
5. Maize Green Chrysopa sinica [74]
Lacewings
6. Soybean Spider mite | Tetranychus [75]
cinnabarinus

Table 3: Examples of crop pests for which changes in the behavior or
development of the population have been observed due to intercropping

Name of | Host Plant | Type of | Changes in" the Pest | Reference
pest intercropping Behavior and Pest
Population
Acalymma | Cucumber Inter-row s Three'times fewer | [76]
vittata cultivation, beetles than in
cucumber and pure  cucumber
corn or broccoli crop.
in separate s Reduction in the
rows reproductive rate
and decrease in
the period of
foraging
Phyllotreta | Broccoli Inter-row + Decrease in the | [77]
Cruciferae cultivation, foraging period
broccoli in + Decreasing of the
rows and population
vetch and bean
between rows
Aphis Groundnut | Row-crop « Common bean’s | [78]
craceivora mixture, sticky tendrils
groundnut and kept aphids away
common beans s A reduction in
in aphids by
separate rows decreasing
foraging time




Oulema Oat, barley | Row-crop « Mixed cultivation | [79]
spp mixture of of each species
both cereals reduces the
degree of damage
to oat leaves by
48% and barley
by 51% compared
with pure stands
Sitobion Barley Row-crop s The number ‘of | [80]
avenae mixture of aphids on barley
barley with heads was 3-6
yellow times _lower=. in
lupine and pea crops with
legumes

Table 4: Examples of some intercrop used as trap crop in farming practices

S. No. | Main Crop Trap Crop Pest Controlled
1. Bengal gram Marigold Heliothis sp.
2. Cowpea Cotton Heliothis sp.
3. Soybean Corn Heliothis sp.
4. Beans Soybean Mexican bean beetle
5. Sunflower Cotton and Marigold Heliothis sp.
6. Groundnut Cowpea Leaf folder
7. Mustard Cabbage Cabbage head borer
8. Cotton Marigold Heliothis sp.
9. Tomato Cabbage Diamond back moth
10. Brinjal Coriander Shoot and Fruit borer
11. Cabbage Radish Flea beetle
13. Radish Cabbage Flea beetle
14. Potato Marigold Nematodes

Source: [81]
Table 5: Intercropping for Pest Reduction — Reported Successful Scientific

Trials

S. No.

Crop

Intercrop

Pest
reduced/controlled

Mechanisms




1. Apple Phacelia sp. San Jose scale, | Parasitic wasps
aphid
2. Barley Alfalfa, red | Aphid Predators
clover
3. Bean Goosegrass Leafhopper Chemical
repellent
4. Cabbage Tomato Diamondback moth Uncertain
5. Carrots Onion Carrot fly Chemical
repellent
6. Cauliflower | White or red | Cabbage aphid Predators
clover
7. Collards Tomato Flea beetle Chemical
repellent
8. Corn Beans Leafhoppers, leaf | Physical
beetle, fallarmyworm | interference,
Predators
9. Cow pea Sorghum Leaf beetle Chemical
repellent
10. Crucifers Wild mustard Cabbageworm Parasitic wasps
11. Fruit trees Wheat; European red mite Predators
sorghum
12. Walnut Weedy ground | Walnut aphid Parasitic wasps
cover

Source: [82]
5. CONCLUSION

Intercropping is an additional workable strategy for warding off insect
pests in crops. Diversifying crops in a given agro-ecosystem can help lower
the insect population and, in turn, the risk of attack, making it a promising
cultural practice for pest management. There are a few different ways in which
intercropping protects the primary crop. The choice of companion crops and
their additional valuation after harvest, as well as the farmers' knowledge and
the mechanization practiced, play a role in the success of intercropping for
pest management. Planting multiple crop types in a single field is known as
intercropping, a cultural practice used in the IPM system to reduce the need
for pesticides. Concerns about potential negative impacts of pesticide on
human health and the environment, pesticide resistance, the resurgence of
insect pests, and general considerations of agricultural production led to the
development of intercropping as an IPM tool. Since not all possible crop
combinations have the desired effect, figuring out which ones will reduce pest
abundance is a major challenge when trying to select the best intercrop
combination for pest suppression. Therefore, intercropping can either stand



on its own as a pest management strategy or be used in tandem with others,
such as host-plant resistance, supplementary biological control, and chemical
control. To effectively use intercropping for insect pest management in
today's modern agriculture, one must have an in-depth understanding of how
different crop characteristics and combinations will affect the behaviour of
pests.

REFERENCES

1.

10.

11.

12.

13.

Gerland P. World population stabilization unlikely this century. Science
2014; 346: 234-237.

Tilman D, Balzer C, Hill J, Befort BL. Global food demand“and the
sustainable intensification of agriculture. Proc. Natl Acad. Sci. USA 2011,
108: 220-260.

Flood J. The importance of plant health to food 'security.” Food Secur.
2010; 2: 215-231.

Chakraborty S, Newton AC. 2011 Climate change, plant diseases and food
security: an overview. Plant Pathol. 60, 2-14,

Oerke EC. Crop losses to pests. J. Agric. Sci. 2006; 144: 31-43.

Strange RN, Scott PR. Plant disease: a threat to global food security.
Annu. Rev. Phytopathol. 2005; 43: 83-116.

Fisher MC, Henk DA, Briggs CJ; Brownstein JS, Madoff LC, McCraw SL,
Gurr SJ. Emerging fungal threatsto animal, plant and ecosystem health.
Nature 2012; 484: 186-194.

Khan ZR, Pickett JA; van den Berg J, Wadhams LJ, Woodcock CM.
Exploiting chemical ecology and species diversity: stem borer and striga
control for maize and sorghum in Africa. Pest Manage. Sci. 2000; 56: 957-
962.

Thomson LJ, Macfadyen S, Hoffmann AA. Predicting the effects of climate
change.onnatural enemies of agricultural pests. Biol. Control 2010; 52:
296-306.

Howden SM; Soussana JF, Tubiello FN, Chhetri N, Dunlop M, Meinke H.
Adapting agriculture to climate change. Proc. Natl Acad. Sci. USA 2007,
104: 19691-19696.

Gu S, Han P, Ye Z, Perkins LE, Li J, Wang H, Zalucki M, Lu Z. Climate
change favours a destructive agricultural pest in temperate regions: late
spring cold matters. J. Pest Sci. 2018; 91: 1191-1198.

Deutsch CA, Tewksbury JJ, Tigchelaar M, Battisti DS, Merrill SC, Huey
RB, Naylor RL. Increase in crop losses to insect pests in a warming
climate. Science, 2018; 361: 916-919.

Lai RQ, You MS, Jiang LC, Lai BT, Chen SH, Zeng WL, Jiang DB.
Evaluation of garlic intercropping for enhancing the biological control of



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Ralstonia solanacearum in flue-cured tobacco fields. Biocontrol Science
and Technology, 2011, 21: 755-764.

Degri MM, Mailafiya DM, Mshelia JS. Effect of intercropping pattern on
stem borer infestation in Pearl millet (Pennisetum glaucum L.) grown in
the Nigerian Sudan Savannah. Advances in Entomology, 2014; 2: 81-86.
Brewer MJ, Goodell PB. Approaches and incentives to implement
integrated pest management that addresses regional and environmental
issues. Annu. Rev. Entomol. 2011; 57: 41-59.

Brodeur J, Abram PK, Heimpel GE, Messing RH. Trends in biological
control: Public interest, international networking and research direction.
Biocontrol 2018; 63: 11-26.

Hassanali A, Herren H, Khan ZR, Pickett JA, Woodcock CM: Integrated
pest management: The push-pull approach for controlling.insect pests
and weeds of cereals, and its potential for other agricultural systems
including animal husbandry. Philos. Trans. R. Sec. B Biol. Sci. 2008; 363:
611-621.

Dudareva N, Negre F, Nagegowda DA, Orlova I. Plant volatiles: Recent
advances and future perspectives. Crit. Rev.. Plant-Sci. 2006; 25: 417-440.
Shrivastava G, Rogers M, Wszelaki A Panthee DR, Chen F. Plant volatiles-
based insect pest management in organic farming. Crit. Rev. Plant Sci.
2010; 29: 123-133.

Beck JJ, Torto B, Vannette .RL. Eavesdropping on plant-insect-microbe
chemical communications in _-agricultural ecology: A virtual issue on
semiochemicals. J. Agric. Food Chem. 2017; 65: 5101-5103.

Kuhnle A, Muller C. Relevance of visual and olfactory cues for host
location in the .mustard leaf beetle Phaedon cochleariae. Physiol.
Entomol. 2011; 36: 68-76.

Wynde FJH, Port GR. The use of olfactory and visual cues in host choice
by the capsid bugs.Lygus rugulipennis Poppius and Liocoris tripustulatus
Fabricius. PLoS ' ONE 2012; 7: e46448.

War AR, Paulraj MG, Ahmad T, Buhroo AA, Hussain B, Ignhacimuthu S,
Sharma HC. Mechanisms of plant defence against insect herbivores. Plant
Signal. Behav. 2012; 7: 1306-1320.

Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological effects of
essential oils-A review. Food Chem. Toxicol. 2008; 46: 446-475.

Finch S, Collier RH. The influence of host and non-host companion plants
on the behaviour of pest insects in field crops. Entomol. Exp. Appl. 2011,
142: 87-96.

Finch S, Billiald H, Collier RH. Companion planting-Do aromatic plants
disrupt host-plant finding by the cabbage root fly and the onion fly more
effectively than non-aromatic plants? Entomol. Exp. Appl. 2003; 109: 183-
195.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Batista MC, Fonseca MCM, Teodoro AV, Martins EF, Pallini A, Venzon M.
Basil (Ocimum basilicum L.) attracts and benefits the green lacewing
Ceraeochrysa cubana Hagen. Biol. Control 2017; 110: 98-106.

Togni PHB, Venzon M, Muniz CA, Martins EF, Pallini A, Sujii ER.
Mechanisms underlying the innate attraction of an aphidophagous
coccinellid to coriander plants: Implications for conservation biological
control. Biol. Control 2016; 92: 77-84.

Tang GB, Song BZ, Zhao LL, Sang XS, Wan HH, Zhang J, Yao YC.
Repellent and attractive effects of herbs on insects in pear orchards
intercropped with aromatic plants. Agrofor. Syst. 2013; 87: 273-285.

Song B, Zhang J, Wiggins NL, Yao Y, Tang G, Sang X. Intercropping with
aromatic plants decreases herbivore abundance, species richness, and
shifts arthropod community trophic structure. Environ. Entomol: 2012; 41:
872-879.

Song BZ, Wu HY, Kong Y, Zhang J, Du YL, Hu JH, Yao YC. Effects of
intercropping with aromatic plants on the diversity and structure of an
arthropod community in a pear orchard. Biecontrol 2010; 55: 741-751.
Raseduzzaman M. Jensen ES. Does intercropping-enhance yield stability
in arable crop production? A meta-analysis. European Journal of
Agronomy, 2017; 91: 25-33.

Rao MR, Mathuva MN. Legumes for improving maize yields and income in
semi-arid Kenya. Agriculturey Ecosystems & Environment, 2000; 78: 123-
137.

Singh RJ, Ahlawat IPS: Productivity, competition indices and nutrients
dynamics of Bt cotton, (Gossypium hirsutum L.)—groundnut (Arachis
hypogaea L.) intereropping system using different fertility levels. Indian
Journal of Agricultural Sciences, 2011; 81: 606-611.

Lopes T, Hatt' S, Xu.Q, Chen J, Liu Y. Francis F. Wheat (Triticum aestivum
L.)-based _intercropping systems for biological pest control. Pest
Management Science, 2016; 72: 2193-2202.

Himmelstein J, Ares A, Gallagher D, Myers J. A meta-analysis of
intercropping in Africa: Impacts on crop yield, farmer income, and
integrated pest management effects. International Journal of Agricultural
Sustainability, 2017; 15: 1-10.

Kumar R, Turkhede AB, Nagar RK, Kumar R. Effect of American cotton
based intercropping system on yield, quality and economics. Research in
Environment and Life Sciences, 2017; 10: 75-77.

Singh A, Weisser WW, Hanna R, Houmgny R, Zytynska SE. Reduce pests,
enhance production: Benefits of intercropping at high densities for okra
farmers in Cameroon. Pest Management Science, 2017; 73: 2017-2027.



39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Redlich S, Martin EA, Steffan-Dewenter I. Landscape level crop diversity
benefits biological pest control. Journal of Applied Ecology, 2018; 55:
2419-2428.

Schader C, Zaller JG, Kopke U. Cotton-basil intercropping: Effects on
pests, yields and economical parameters in an organic field in Fayoum,
Egypt. Biological Agriculture & Horticulture, 2005; 23: 59-72.

Wang Y. Scientific intercropping can reduce pests and diseases. Pesticide
Market News, 2015; 10: 47-68.

Xue L. Preliminary analysis on ecological control of pests and diseases.
Modern Agriculture, 2015; 7: 40.

Ning C, Qu J, He L, Yang R, Chen Q, Luo S, Cai K. Improvement of yield,
pest control and Si nutrition of rice by rice—water spinach intercropping.
Field Crops Research, 2017; 208: 34-43.

Baidoo PK, Mochiah MB and Apusiga, K. Onion as a pest control intercrop
in organic cabbage (Brassica oleracea) production system in Ghana.
Sustainable Agriculture Research, 2012; 1: 50-59.

Seni A. Role of intercropping practices in_farming system for insect pest
management. Acta Scientific Agriculture, 2018;2:8-11.

Gibbons D, Morrissey C, Mineau P. A:review. of the direct and indirect
effects of neonicotinoids and fipronil on vertebrate wildlife. Environmental
Science and Pollution Research; 2015; 22: 103-118.

Zhao ZH, Hui C, Hardev S, OQuyang F, Dong Z, Ge F. Responses of cereal
aphids and their parasitic wasps to landscape complexity. Journal of
Economic Entomology,2014;"107: 630-637.

Jeyasankar A. Antifeedant, Insecticidal and growth inhibitory activities of
selected plant oils. on black cutworm, Agrotis ipsilon (Lepidoptera:
Noctuidae). Asian Pacific Journal of Tropical Disease, 2012; 2: 347-351.

Khan MR, Raja W, Bhat TA, Mir MS, Naikoo NB, Amin Z, Nazir A, Mir SA,
Mohammad |, Wani AA, Patyal D. Zero budget natural farming: A way
forward  towards  sustainable agriculture. Current Journal of Applied
Science and Technology, 2022; 41(13): 31-43.

Mir MS;-Naikoo NB, Amin Z, Bhat TA, Nazir A, Kanth RH, Singh P, Raja W,
Singh 'L, Fayaz S, Ahngar TA, Palmo T, Rehman U. Integrated farming
system: A tool for doubling farmer’'s income. Journal of Experimental
Agriculture International, 2022; 44(3): 47-56.

Naikoo NB, Chesti MH, Bhat MA, Mir AH, Bashir O, Bhat TA, Mir MS, Gull
A, ZA, Ayoub L. Biostimulants towards Soil Health Improvement: A
Review. Agricultural Reviews, 2022; R-2526: 1-8

Mir MS, Naikoo NB, Kanth RH, Bahar FA, Bhat MA, Nazir A, Mahdi SS,
Amin Z, Singh L, Raja W, Saad AA, Bhat TA, Palmo T, Ahngar TA. Vertical
farming: The future of Agriculture: A review. The Pharma Innovation
Journal, 2022; SP-11(2): 1175-1195.



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Kumar S. Use of pesticides in agriculture and livestock animals and its
impact on environment of India. Asian Journal of Environmental Science,
2013; 8(1): 51-57.

Agnihotri, N. Pesticide Consumption in Agriculture in India - an Update.
Pestic. Res. Journa, 2000; 150-155.

Kumar S, Singh A. Biopesticides: Present Status and the Future
Prospects. J. Fertil. Pestic. 2015; 6.

FAQO, 2020. Data retrieved from http://www.fao.org/faostat

Rahimi V, Madadi H, Nazari BS. Effect of additive series intercropping
kidney bean (Phaseolus vulgaris L.) with some aromatic plants on
Tetranychus urticae Koch. (Tetranychidae) population. In: Proceedings of
the International Electronic Conference on Entomology; 2021; 1-15 July
2021.

Duraimurugan P, Regupathy. Push-pull strategy with trap. crops, neem
and nuclear polyhedrosis virus for insecticide resistance management in
Helicoverpa armigera (Hubner) in cotton. Am. J. Appl. Sci. 2005; 2:1042-48
Nalyanya G, Moore CB, Schal C. Integration of repellents, attractants, and
insecticides in a “push-pull” strategy for managing German cockroach
(Dictyoptera: Blattellidae) populations:J. Med. Entomol. 2000; 37: 427-34
Birkett MA, Pickett JA. Aphid sex pheromones: from discovery to
commercial production. Phytochemistry 2003; 62:651-56

Huang Y, Shi T, Luo X, Xiong H, Min F, Chen Y, Nie S, Xie M.
Determination of multi-pesticide residues in green tea with a modified
QUEChERS protocol coupled to HPLC-MS/MS. Food chemistry. 2019;
275:255-64.

Ramakrishnan B, Venkateswarlu K, Sethunathan N, Megharaj M. Local
applications  but global implications: Can pesticides drive
microorganisms to develop antimicrobial resistance?. Science of the
Total Environment. 2019; 654:177-89.

Zhang M, Zeiss MR, Geng S. Agricultural pesticide use and food safety:
California's model. Journal of Integrative Agriculture. 2015 Nov
1;14(11):2340-57.

Joint FAO/WHO Codex Alimentarius Commission. Codex alimentarius.
Food & Agriculture Org.; 1992.

FSSAI. Food Safety and Standards. Version-Ill (31.08.2018) (1) (2) (3). 2018.
Available online: https://agriexchange.apeda.gov.in/food_standards/ind_d
ocument/Compendium_Contaminants_Regulations_07_09_2018.pdf.
Bruce TJA, Birkett MA, Blande J, Hooper AM, Martin JL, et al. Response of
economically important aphids to components of Hemizygia petiolata
essential oil. Pest Manag. Sci. 2005; 61:1115-21

Hooper AM, Farcet JB, Mulholland NP, Pickett JA. Synthesis of 9-
methylgermacrene B, racemate of the sex pheromone of Lutzomyia



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

longipalpis (Lapinha), from the renewable resource, Geranium
macrorrhizum essential oil. Green Chem. 2006; 8: 513-15

Khan ZR, Pickett JA. The ‘push-pull’ strategy for stemborer management:
a case study in exploiting biodiversity and chemical ecology. In
Ecological Engineering for Pest Management: Advances in Habitat
Manipulation for Arthropods, ed.GMGurr, SDWratten, MA Altieri, 2004; pp.
155-64.Wallington, Oxon, UK: CABI

Lu XY, Li SY, Zzhu JB, Cheng FR, Liu FZ, Jiang BL, Yu C. Effect of spring
corn and cotton intercropping on the population dynamics of Aphis
gossypii and Rhopalosiphum maidis. China Cotton, 2017; 44: 24-27.

Yan S, Yu J, Han M, Michaud JP, Guo LL, Li Z, Zeng B, Zhang QW, Liu XX.
Intercrops can mitigate pollen-mediated gene flow from transgenic cotton
while simultaneously reducing pest densities. Science of the Total
Environment, 2020; 711: 134855.

Zhang LJ, Gao XK, Luo JY, Zhang S, Wang CY,Zhu XZ, Wang L, Cui JJ.
Strategy for resistance risk management of Bt transgenic cotton in
Australia. China Cotton, 2018; 45: 3-6.

Wang W, Yao J, Zhang Y, Liu H. Effect of apricot'trees on insect pests and
their natural enemies in nearby cotton-fields in.southern Xinjiang. Chinese
Journal of Applied Entomology, 2012; 49: 951-956.

Chen M, Luo JC, Li GQ. Evaluating alfalfa cutting as a potential measure
to enhance predator abundance of Aphis gossypii (Homoptera:
Aphididae) in cotton-alfalfa intercropping system. Acta Agrestia Sinica,
2011; 19: 922-926.

Luo J, Zhang S, Wang C, Lyu L, Li C, Cui J. Ecological effects of different
trap crop to sucking pests and natural enemies in cotton fields. China
Cotton, 2014; 41: 14-16.

Zhang XM, Liu XJ, ¥ang YM, Duan DY. Occurrenceof Lygus lucorum in the
Bt cotton and jujube field. Entomological Journal of East China, 2005; 14:
28-32.

Andrews :DJ, Kassam A.H. The importance of multiple cropping in
increasing world food supplies. Am. Soc. Agron. 1976; 27, 32.

Garcia L, Celette F, Gary C, Ripoche A, Valdes-Gomez H, Metay A.
Management of service crops for the provision of ecosystem services in
vineyards: A review. Agric. Ecosyst. Environ. 2018; 251: 158-170.

Farrell JAK. Effects of intersowing with beans on the spread groundnut
rosette virus by Aphis craccivora Koch (Hemiptera: Aphididae) in Malawi.
Bull. Entomol. Res. 1976; 66: 331-333.

Wenda-Piesik, A.; Piesik, D. The spring cereals food preferences of
Oulema spp. in pure and mixed crops. Elec. J. Pol. Agric. Univ. Agron.
1998; 1: 1-12.



80.

81.

82.

Wenda-Piesik, A. Health status of spring barley grown in monocrop and in
mixtures with cereals or leguminous plants. J. Plant Prot. Res. 2001; 41:
388-394.

Dewangan SR and GD Sahu. “Trap Cropping-A Valuable Pest
Management Technique”. Popular Kheti 2014; 131-134.

Miguel A. Altieri and Clara I. Nicholls with Marlene A. Fritz. In: Manage
insects in your farm: A guide to ecological strategies. Recent Advances in
Ecological Pest Management. Sustainable Agriculture Research and
Education (SARE), 2014; pp. 107-109.



