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Introduction 
Food security  and safety is challenging before Indian agriculture in the twenty first century for ever 
increasing population which increased from 361 million in 1950 to more than 1 billion by 2007 and  it is 
predicted that, by 2050, overtake China to occupy the first position with a population of 1.63 billion 
people. Added to this and vagaries of the monsoons, about 30% of our food production is lost due to 
pests, diseases and weeds despite spending huge amounts on chemical pesticides for their control. Now, 
with the ever increasing human population the challenge before us is to double the food production in the 
next 30 years in the country on an environmentally sustainable manner. Green revolution has no doubt 
led to increased food production but at the same time, it has caused several ecological, environmental and 
socioeconomic problems. Green revolution technology relied on the use of dwarf and semi dwarf high 
yielding varieties of crops mainly rice and wheat. All the these practices favored the build-up of crop 
pests, with the result that the intensity of several pests has increased,  many minor pests have assumed the 
status of major pests and several new pests problems and overuse of pesticides has led to problems of 
pesticide resistance, resurgence and contamination of different components of the ecosystem and 
environment. In addition, the climate change exerts a profound effect on the intensity of pest problems. 
Societal concerns over pesticide use have resulted in the development of new biologically based pest 
management strategies that are ecologically sound, reliable, economical and practical. 

Although, the success of integrated pest management (IPM) has been accepted, however, ithas 
own limitation while implementation at farmers level. A special committee of the national Research 
council’s Board of Agriculture proposed the “ecological based pest management (EBPM) also called 
“ecological based integrated pest management (EBIPM)”. EBIPM programmes represent a sustainable 
approach to manage pests combining biological, chemical, physical and cultural tools to ensure favorable 
economic, ecological and sociological consequences.  It is a system approach to diagnose the nature and 
source of pest problems, and then relies on a range of preventive tactics.However, economic injury levels 
(EIL) based pest management had several own limitation and implementation i.e. plant health and 
compensation ability, natural enemies and weather factors are being not considered,number  randomly 

Ecological Engineering (EE) has recently emerged as a paradigm for considering pest 
management approaches that are based on cultural practices and informed by ecological 
knowledge rather than on high technology approaches such synthetic pesticides and generally 
engineered crops. There are many ornamental plants which discourage the insect pest 
population on the main crop plants. An important component of EE is to use insecticide only 
when absolutely necessary and as the last resort. 
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fixed, not feasible at farmer leveland  moreover, it is chemical pesticide driven. Over a period of time, 
IPM specialist have realized the limitations of ETLs and gradually developed the Agro-Ecosystem 
Analysis (AESA) as a much more flexible tool to make crop management decisions. AESA  is an  
approach  which  can  be gainfully employed  by extension functionaries  and farmers toanalyses the field 
situations with regards to  pests,  defenders,  soil conditions,  plant health, and the influence of climatic 
factors and  their relationship for growing healthy crop. Such a critical analysis of the field situations will 
help in taking appropriate decision on management practices. 
 

Ecological Engineering�
The term “Ecological Engineering (EE)” was first used by Odum (1962) to refer to the “as environmental 
manipulation by man using small amounts of supplementary energy to control systems in which the main 
energy drives are still coming from natural sources”.More appropriately the agro-ecological biodiversity 
is leading to concepts of agro-ecological engineering approach which relies on the use of cultural 
techniques to effect habitat manipulation and enhance biological control.  EE has recently emerged as a 
paradigm for considering pest management approaches that are based on cultural practices and informed 
by ecological knowledge rather than on high technology approaches such synthetic pesticides and 
generally engineered crops. The concept of EE has continued to develop using crop habitat management 
utilizing pest behavioral and the companion planting principals. Basically, the characters of approaches 
that are consistent with EE as defined by its early proponents are low dependence on external and 
synthetic inputs, a reliance on natural processes, based on ecological principles and scope for refinement 
by ecological experimentation.  It will contribute to the challenge of meeting the needs of humankind for 
agricultural products in a sustainable manner.  The development of EE is explored, ranging from a simple 
first approximation that diversity is beneficial to contemporary understanding that diversity can have 
adverse effects on pest management. This requires that the functional mechanisms that lead components 
of biodiversity to suppress pest activity are better understood and exploited. Pest suppression via EE is 
placed in the broader context of ecosystem services provided by farmland biodiversity including nitrogen 
fixation and the conservation of pollinator species and wild life. Maintaining balance in ecosystem 
components helps reducing the pest outbreaks like managing population level of detritus herbivores for 
soil fertility management and managing population level of carnivorus for harmful herbivores etc. this is 
achieved through conservation of natural enemies involves providing and protecting vegetation in and 
around agricultural areas so that beneficial arthropods can use this vegetation for food, shelter and 
overwintering sites.  EE employs the use of ecosystem services consisting many biotic and abiotic 
organisms, elements coexist in an ecosystem and it is formed by the interactions between all living and 
non-living things with the aims to provide the natural enemies of pests with resources such as nector, 
pollen, physical refugia, alternative prey, alternative hosts and egg laying sites. Many studies have 
demonstrated increased abundance of natural enemies associated with provisioned habitat. Studies 
demonstrating a reduction in pest pressure in agriculture crops by natural enemies because of habitat 
manipulation are less common. 

Ecological engineering relies on the philosophy of using cultural techniques to effect, habitat 
manipulation and enhanced biological control.Goals of EE is the restoration of ecosystems that have been 
substantially disturbed by human activities such as environmental pollution or land disturbance, the 
development of new sustainable ecosystems that have both human and ecological value and ecological 
restoration i.e. the return of an ecosystem to a close approximation of its condition prior to disturbance. 
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Companion planting can be described as the establishment of two or more plant species in close 
proximity so that some cultural benefit (pest control, higher yield, etc.) is derived. Companion planting 
provides desirable environment for beneficial insects and other arthropods especially those predatory and 
parasitic species which help to keep pest populations in check. These plants may be insectary or attractant 
plants both for beneficial (intercrop) and harmful insects (as trap crop) as well as repellant plants (used as 
intercrop). There are many ornamental plants which discourage the insect pest population on the main 
crop plants. Habitat manipulation for enhanced pest control has also referred as chocolate box ecology. 

Crop habitat management is to ensure that natural enemies are present in sufficient numbers when 
pests become established so that pests are suppressed below economically damaging densities. Through 
the selective food plants have the potential to increase parasitoid activity without positively affecting pest 
species. Mechanisms by which food plant selectivity works include temporal coincidence between nectar 
availability and insect foraging, differential attractiveness and morphometric compatibility. 

Growing nectar-rich flowering plants on bunds to provide food and shelter in rice landscape, 
bunds and non-rice habitats with perennial plants, trees and shrubs occupy a substantial proportion. Some 
are populated with fruit trees, some planted with vegetables but, very often, farmers treat other areas as 
waste land and spray them with herbicides, mistakenly thinking that they harbor pests.  In fact, such 
perennial habitats are homes for natural enemies.  For instance, in the Philippines and Thailand, rice 
bunds with Brachiaria grasses are the homes of two species of cricket that are ferocious predators of pest 
eggs laid on leaves. Many spider species also depend on these grassy habitats. In addition to conserving 
specific natural habitats, EE methods can be used to augment biodiversity by the planting of nectar-rich 
flowering plants on the bunds. These flowers provide nectar for bees and other species that can enhance 
the pollination of fruit crops in the rice landscapes.  The nectar is also a food resource for many 
hymenopteran parasitoids, especially those that regulate rice pest species, such as planthoppers, 
leafhoppers, stem borers, and leaf folders. EE fields in Vietnam with bunds enriched with nectar rich 
flowers had significantly a higher parasitism and predation of planthopper eggs that are deeply embedded 
in the rice tissues.   

  

  
Fig. Ecological engineering for rice (Photo credit: Dr. H.V. Chien) 
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Refraining from Using Insecticides in the Early Crop Stage 
Essentially, ecological engineering uses a range of modern techniques to identify the ‘right kind’ of 
diversity.Bottom-up approaches - hedgerows, composting, mulching, intercropping, beetle bank mulches 
which are components of the first trophic level can act on pests directly, provide ‘bottom-up’ control.  
Top-down approach- Suppression of herbivores (insects) the second trophic level by natural enemies of 
the third trophic level control is said to be ‘top down. 

An important component of EE is to use insecticide only when absolutely necessary and as the 
last resort. Insecticides are by design biocides and thus have indiscriminate action on all living 
organisms. Those that are more vulnerable to being killed in an insecticide-sprayed field are the 
organisms that have a small size, soft bodies, and high mobility. Ironically, pest species tend to be larger 
and less mobile and are thus less vulnerable to the sprays. In addition, farmers’ spray equipment has poor 
delivery systems and thus most of droplets land up in the water.  At the early stages of the crop, species 
of both pests and natural enemies move in to inhabit it. The bunds that are richly endowed with floral 
species and homes of natural enemies become the sources of the predators in crop ecosystem. Early-
season insecticide sprays are used, these beneficial organisms and the services they provide are 
destroyed. Invading pests then “escape” natural control and are able to reproduce exponentially into 
damaging numbers. The early-season insecticide sprays generally used to kill leaf-feeding insects do 
more harm than good as these insects seldom cause yield losses because of compensation abilities of the 
cropplants. The sprays destroy the ecosystem services that would protect the crop plants from pests 
multiplying exponentially. 
 

Challenges in Implementing Ecological Engineering 
Agriculture is under pressure to reduce reliance on chemicals and focus on more sustainable production 
methods. Results from a range of studies from China, Vietnam, have been shown the benefits of the 
adoption of ecological engineering that suppress pests directly or indirectly via enhanced natural enemy’s 
activity). Strategies are suggested that allow EE approaches to be integrated with mainstream agriculture.  
This directed approach to understanding and using agricultural biodiversity is important because there are 
a number of pitfalls in the simplistic assumption that enhanced biodiversity will suppress pests in a risk-
free fashion. Ecosystem services are the conditions and processes through which natural ecosystems, and 
the species that make them up, sustain and fulfill human life thus increasing social awareness of 
ecosystem services and EE may facilitate a significant increase in conservation biological control 
research. The common insecticides used in routine early season sprays are usually highly toxic to these 
predators and parasitoids and thus destroy the ecosystem services they would provide. Pests that invade 
these fields thus become unregulated and develop into damaging numbers. The big challenge is to 
motivate the millions of farmers to adopt these concepts, stop their routine spraying, and enrich crop field 
bunds with nectar-rich flowers. Since parasitization is not an easy concept for farmers to grasp and the 
parasitoids are too tiny to be observed, one approach is to use bees as an indicator species for the farmers 
to observe. Besides most parasitoids are from the order hymenoptera which have rather similar 
characteristics. Farmers can be motivated to observe and conserve “bees and their relatives” and refrain 
from spraying insecticides harmful to them.  
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