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Abstract 

Plants are unable to flee from their predators, such as herbivores that may devour 

them. Plants can, however, rely on natural enemies of insect herbivores for protection in 

some circumstances. Other predatory and parasitic insects are among these natural 

adversaries. Habitat manipulation, often known as "Ecological Engineering," focuses on 

minimising natural enemy mortality, giving more resources, and changing host plant 

properties for the benefit of natural bio-agents. This can be accomplished by increasing plant 

diversity and ensuring that the agro-ecosystem has appropriate refugia. We cover the use of 

natural enemies in crop pest management in this article, as well as the research that is 

required to better satisfy information demands for practical applications. 

Keywords: Ecological engineering, ecology, environment & IPM, habitat manipulation 

Introduction 

Integrated Pest Management (IPM) is an environmentally friendly strategy to pest 

control that combines several practises and strategies. IPM tries to keep pest numbers below 

the point where they cause economic harm (EIL). The EIL is the smallest pest population 

density that can cause economic harm. IPM is a method for analysing the agro-ecosystem and 

managing its various parts in order to control pests and keep them at a level that is acceptable 

in terms of economic, health, and environmental criteria (FAO). 

There has been a shift to more environmentally sustainable techniques and bio-

intensive IPM, such as AESA-based IPM and Ecological Engineering for Pest Management. 

Insect pest management is required to ensure food security. Field and storage insect pests are 

estimated to cause yield losses of 20 to 30 percent. Insecticide resistance, pest resurgence, 

and pesticide residue in food and the environment have all been caused by the indiscriminate 
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use of chemical pesticides, which has resulted in environmental contamination and ecological 

imbalance. 

Ecology 

Ecology is the scientific study of natural world relationships. It encompasses the 

interactions between organisms and their surroundings. 

Pest  

A pest is any organism whose population grows to the point where it harms crops and 

poses a health risk to humans and domestic animals. 

Importance of ecology in pest management 

Because natural enemies are killed when pesticides are used indiscriminately, pests 

reappear on a regular basis. The increase in insect population is also due to human 

intervention, such as monoculture, the use of high yielding and vulnerable varieties, increased 

irrigation, and the use of high nitrogenous fertilisers, among other things. As a result, the 

natural balance of life is disrupted, and the pest returns in a more severe form each year. The 

relevance of ecology was recognised at the time, and integrated pest management systems 

were developed to minimise the extreme oscillations in pest populations. 

Dr. Howard T. Odum, originated the term "ecological engineering" in 1962. "Those 

circumstances where man's energy supply is tiny in comparison to natural sources yet 

adequate to generate big effects in the resultant patterns and processes," he wrote. Ecological 

engineering has recently arisen as a paradigm for examining pest management options that 

are influenced by ecological understanding and focused on cultural norms, rather than high-

tech alternatives like synthetic pesticides and genetically altered crops. The philosophy of 

ecological engineering is to use cultural practises to manipulate habitats and improve 

biological control (Gurr et al. 2004 ). 

Habitat management seeks to give pollen (Hickman and Wratten 1996), nectar 

(Baggen and Gurr 1998), alternative prey (Abou Awad 1998), physical refugia (Halaji et al. 

2000), alternative hosts, lekking places (Sutherland et al. 2001), and other resources to pests' 

natural enemies (Viggiani 2003). Researchers and practitioners are developing and 

employing a variety of ways to ensure that appropriate types of diversity are deployed for 

pest management via ecological engineering (Gurr et al. 2004). 
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Aim of ecological engineering  

Integrating soil and pest management tactics with routine farmer activities for the 

benefit of the environment and the farming community is the goal of the agriculture 

ecosystem. It entails understanding of agriculture, ecology, and farm economics in order to 

restore and build healthy and sustainable agriculture ecosystems. As more and more 

components of crop management strategies emerge, the field expands in breadth and depth, 

providing solutions to pressing issues such as indiscriminate use of chemical pesticides, 

excessive fertiliser use, environmental pollution caused by agricultural chemicals, chemicals 

entering the food chain, and inducing pest resistance and resurgence problems.In this present 

investigation, we tried to explain the need & different aspects of ecological engineering 

techniques for the pest management. 

The development of habitat manipulation 

Habitat manipulation has its roots in tactics that have been employed in agricultural 

systems for ages to enhance generalist predators (Sweetman, 1958). The use of straw shelters 

to create temporary spider refugia and overwintering places during cyclic agricultural 

disturbances is an example of an early habitat modification method that has been employed 

by Chinese farmers for over 2000 years and is still in use today (Dong and Xu, 1984). 

Another method, created in Burma in the 1770s, used bamboo canes to connect citrus trees, 

allowing predatory ants to migrate between them and remove caterpillar pests (van Emden, 

1989). 

Habitat manipulation approaches  

Ecological Engineering for pest Management-Above Ground  

Arrange blooming plants/compatible cash crops along the orchard border with shorter 

plants near the main crop and higher plants toward the border to attract natural enemies and 

prevent pest populations from migrating. 

 Do not uproot weed plants that are growing naturally in the orchard, such as Tridax 

procumbens, Ageratum spp., Alternanthera spp., etc., which act as a nectar source for 

natural enemies, and 

 Do not use broad range chemical pesticides. Before using chemical pesticides, it's also 

important to evaluate the plant's ability to compensate. 
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Below-Ground Ecological Engineering for Pest Management 

 Cover soils with living vegetation and/or agricultural residue all year. 

 Use organic matter such as farm yard manure (FYM), vermicompost, and crop 

residue to boost biodiversity below ground. 

 Reduce tillage intensity to allow natural enemies to hibernate. 

 Use bio-fertilizers to apply a balanced dose of nutrients. 

 Use mycorrhiza and plant growth promoting rhizobacteria (PGPR) as 

seed/seedling/planting material, nursery treatment, and soil application. 

Ecological engineering components  

This method is inextricably entangled with the pragmatic use of biodiversity to 

perform the ecosystem service of pest suppression, and it is practises like these that are 

applied in ecological engineering for pest management. As a result, pursuing this practical 

goal (lower agricultural losses) may also result in additional benefits such as wildlife 

conservation, pollinator conservation, nitrogen fixation, and so on. However, any naive 

concept that pest management can simply be accomplished by increasing on-farm 

biodiversity is erroneous. 

Biodiversity is an obviously effective technique for pest control, but it is not always 

useful. The field of ecological engineering is transitioning away from a "first approximation," 

or the naive premise that diversity is advantageous in and of itself (Gurr et al. 2004b). 

Overwintering sites 

If adequate vegetation is available, arthropod predators can exploit windbreaks as 

overwintering sites. Certain coccinellid species that feed on insect pests of field and orchard 

crops overwinter in herbaceous plants, grass, and tree litter near field boundaries in South 

Carolina (Roach & Thomas, 1991). During the winter, woody field borders might provide 

home for birds or small mammals that feed on insect pests (Black et al., 1970; Johnson and 

Beck, 1988). 

Cultural practices  

Ploughing, cultivating, and harvesting are examples of cultural practises that can 

drastically affect the quantity of predators such as spiders, birds, and small animals. Clean 

cultivation of a field or surrounding trees can help crops survive, but it can also harm birds, 

small mammals, spiders, and carabids who rely on the vegetation for shelter. Raking 
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hackberry leaves off lawns, for example, eliminates parasites of the hackberry nipplegall 

maker. Pachypsylla celtidismamma (Fletcher) is an insect that overwinters in leaf galls 

(Homoptera: Psyllidae). The leaves are not removed in rural regions, and the parasites 

regulate the psyllids (W. Cranshaw, Colorado State University, personal communications). 

Similarly, agricultural stubble left in fields could harbour overwintering parasitic wasps or 

provide cover for predators like birds, overwintering spiders, and beetles. 

Windbreak design  

Another approach of managing natural enemy abundance and variety is windbreak 

design. Carabids and staphylinids (Coleoptera) that feed on agricultural pests were found in 

greater abundance at the edge of multi-row windbreaks in North Dakota than in the interior 

(Katayama, 1980). Because the majority of the windbreak in single row elm windbreaks is 

edge, carabid and staphylinid abundance should be rather consistent across the windbreak 

(Frye et al., 1988). Insectivorous birds, on the other hand, create extensive territories and 

prefer larger, wider windbreaks. When feeding in fields along the edge, other species may 

benefit from curved or undulating windbreak designs that provide more edge and less 

exposure (PFRA, undated). 

Push-Pull Approach 

Push-pull tactics are used to manipulate the behaviour of insect pests and their natural 

enemies by combining stimuli that make the protected resource unpleasant or inappropriate 

for the pests (push) while drawing them toward a favourable source (pull) from which the 

pests are then removed (Cook et al. 2007). 

Beetle Bank 

Creating a raised earth bank, known as beetle banks, planted with perennial grasses, to 

provide adequate overwintering habitat within fields (Wratten, 1992). Natural enemies may 

choose non-crop plants as oviposition locations. Coleomegilla maculata (Coleoptera: 

Coccinellidae) has been found to lay more eggs on a native weed called Acalypha 

ostryaefolia than on sweet corn (Zea mays). Maize plots flanked by A. ostryaefolia had 

substantially more C. maculata than plots without a barrier (Cottrell, 1998). 

Hosts or alternative prey 

The abundance of alternative prey on weeds or in surrounding vegetation determined 

the distribution of predators for apple pests (Kozar et al., 1994). Crop residues or organic 
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matter management may also help to boost natural enemy populations. In rice, increasing the 

amount of organic matter in test plots resulted in an increase in detritivores, plankton-feeders, 

and generalist predators, as shown in a famous demonstration (Settle et al., 1996). 

Intercropping 

Intercropping is a key cultural technique in pest management that is founded on the 

premise of minimising insect pests by enhancing ecosystem variety. Growing two or more 

crops (typically from different families) in the same area is known as intercropping. Strip 

cropping is a type of intercropping in which two or more crops are grown in alternating strips 

over a field. 

Trap crops: 

A trap crop is one that is grown to attract insect pests away from the cash crop. The 

trap crop can be a different plant species, variety, or growth stage of the same species, as long 

as it is more appealing to the pests while they are present. The trap crop must be more 

appealing to pests than the cash crop, and precautions must be made to prevent pests in the 

trap crop from migrating to the cash crop later. As a result, successful trap crop utilisation is 

difficult.  Trap crops are ineffective against pests that are poor flyers and/or dispersed by the 

wind (e.g., aphids, spider mites). 

Tailored flower strips 

During the period when natural enemies of aphids are needed to manage aphids, the 

seed mixture of the annual flower strip was designed to give continuous and high levels of 

floral and extra-floral nutrients that are attractive and accessible to important natural enemies 

of aphids (end of May to beginning of August in the study region). The plant species were 

chosen after a thorough review of studies showing that blooming plants have a positive 

impact on the abundance and performance of major aphid natural enemies. Anthemis arvensis 

L. (Asteraceae), Anthriscus cerefolium Hoffm. (Asteraceae), Bellis perennis L. (Asteraceae), 

Calendula arvensis L. (Asteraceae), Camelina sativa (L.) Crantz (Brassicaceae), Centaurea 

cyanus L. (Brassicaceae), Centaurea cyanus L.  

Conclusion:- 

Ecological engineering is a type of human activity that involves altering the 

environment using ecological principles. It's a good conceptual framework for thinking about 

pest management practices that involve habitat manipulation. The use of ecological 
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engineering to the construction of sustainable agro-ecosystems is both appealing and risk-

free. Ecological engineering should be used in conjunction with other strategies rather than 

being presented as a stand-alone solution. 

Biological control agents will most likely be used, either in a traditional or 

augmentative manner. In such cases, habitat management has a lot of promise for increasing 

the success rates of classical agents and increasing the persistence and impact of 

augmentative agents on insect populations. These formerly different branches of biological 

control will be united in the near future to provide a synergistic impact in "integrated 

biological control." 

Table 1: Examples of trap cropping to cop up with pest problems in agro-ecosystem. 

Trap crops  Main 

crop  

Method of planting  Pest controlled  References  

Alfalfa  Cotton  Strip intercrop  Lygus bug  Shelton and Perez 

(2006) 
[16]

 

Marigold  Garlic  Border crops  Thrips  Eze and Echezona 

(2012) 
[6]

 

Chinese cabbage, 

Mustard & raddish  
Cabbage  

Planted in every 15 row 

of cabbage  

Cabbage webworm 

& Mustard aphid  

Muniappan et al., 

(2001) 
[11]

 

Caster  Cotton  Border crop  Heliotis Sp.  Shelton and Perez 

(2006) 
[16]

 

Chickpea  Cotton  Block trap crop at 20 

plant/sq m  

Heliotis Sp.  Eze and Echezona 

(2012) 
[6]

 

Green beans  Soybean  Row intercrop  Mexican bean 

beetle  

Ellis and Bradley 

(1996) 
[5]

 

Napier Grasses  Corn  Inter crop and border 

crop 

Stemborer Khan et al., (2006) 

[10]
 

Okra  Cotton  Border crop  Flower cotton 

weevil  

Hasse (1986) 
[7]

 

 

Fig 1: Push pull strategy in control of stem borers in maize and sorghum (Source: -1) 
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