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From the Editor’s desk  

 

 

Feeding is one of the most basic behaviors for survival of an individual animal and for the species. 
Animals must ingest chemicals necessary for energy production, for maintenance of biochemical 
processes, and for growth and development. At the same time, they should reject foods that contain 
toxic or useless compounds. Insects as a group feed on a great variety of materials, such as 
animal or plant tissues or dead organic matter. Despite this unique ability to  utilize almost any 
organic substrate, most insect species restrict themselves to a particular category of food. Some 
insects even specialize on a certain plant or animal species. This variety in feeding habits that we 
see today is the result of anatomical and physiological adaptations to food sources that are not all 
equally beneficial to the insect. Food selection is therefore of paramount importance to the survival 

of the individual. The physiological need for food by insects varies constantly due to changing factors such as nutritional state, 
food deprivation, developmental state, and food experience. Therefore, the study of insect feeding has attracted many students of 
animal behavior using different approaches, from neurophysiology to evolutionary biology. Insects comprise about 75% of all 
animal species on earth. About one-half of this group uses living plants as their food, whereas the other half feeds upon dead 
plant material or upon animals, both dead and alive. Four major classes of feeding habits are recognized: plant feeders, 
predators, scavengers, and parasites. Within each of these classes, various types of feeding can be found: biting and chewing on 
leaf or animal tissues and sucking from plant or animal cells or tissues. 
 
Insect predators consume mainly other insects and are found predominantly in the orders Odonata, Mantodea, Heteroptera 
(Reduviidae and others), larval Neuroptera, Mecoptera, Diptera (Asilidae and Empididae), Coleoptera (Adephaga and 
Coccinellidae), and Hymenoptera (Sphecidae and Pompilidae. Biting and sucking are the two types of feeding found among 
predator species. Ectoparasites feed by sucking or biting on their host while residing on the  outside of their prey. Examples are 
found in the Siphonaptera, Anoplura, Mallophaga, some Dermaptera, Heteroptera, various Diptera (such as mosquitoes), 
Simuliidae, Ceratopogonidae, Tabanidae, and the Pupipara. Saprophagous insects are scavengers that feed on dead or decaying 
organic material. These insects are found in many orders-for example, in the Blattodea, Isoptera, Coleoptera, and Diptera. Insects 
with this feeding habit will not be further discussed because there is a general lack of information on control mechanisms. Most 
insects obtain sufficient water with their food. However, some drink water, especially if they are dehydrated. Water intake and its 
control are discussed here only in the larger context of regulation of feeding.  
 
In line with the above this issue of Van Sangyan contains an article on Insect feeding mechanism and their management. There are 

also useful articles viz. Man-animal conflict and coexistence and Nature 

talks about man-made forests: (Miyawaki method), -  ( ): जल    , Silkworm 

as human food and Wind disaster: A threat to rubber plantations of Tripura.

– 

 
 I hope that readers would find maximum information in this issue relevant and valuable to the sustainable 
management of forests. Van Sangyan welcomes articles, views and queries on various such issues in the field of forest 
science.  

Looking forward to meet you all through forthcoming issues 
 

 

                   Dr. Pawan Rana 

Scientist 'E' & Chief Editor 
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Insect feeding mechanism and their management 

Shailendra Bhalawe*, Rishikesh Thakur, Uttam Bisen, Prashant Shrivastava 

Dhananjay Kathal and Ajay Singh Lodhi 

College of Agriculture Balaghat 

 Jawaharlal Nehru Agriculture University, Jabalpur (Madhya Pradesh) 

*E-mail: sbhalawe@gmail.com

 

Introduction 

 Feeding is the important process by which 

all insects obtain their food in adequate 

quantity. In search of evolution of insect 

feeding, it is varied with different 

strategies evolved at several times in 

independent lineages (Sahney et al., 2010). 

Insects and also mites that feed on plants 

have different feeding behaviours, include 

biting and chewing (e.g. grasshoppers), 

piercing and sucking (e.g. sap feeders), 

rasping and sucking (e.g. thrips), Chewing 

and lapping (e.g. honey bees), siphoning 

(e.g. moths and butterflies) etc. Thereby 

they cause variety of symptoms on plants 

such as formation of galls (Fig.1), leaf 

twisting (Fig. 2), leaf cupping (Fig.3), leaf 

mines (Fig.4), leaf skeletonization (Fig. 5), 

wilting and rotting. Differently, biting and 

chewing insects, physically remove 

portions of any of plant tissues either 

directly or consume entire plant parts and 

ingest macerated tissues. All insects that 

possess other methods of food ingestion 

are known to be evolved from these two 

types. Common examples for insects with 

piercing and sucking and related types of 

mouthparts include plant bugs, aphids, 

whiteflies, mealybugs, scales, hoppers and 

thrips cause severe defoliation and 

significant yield loss (Fig. 6 to 8). They 

thrust their flexible stylet or proboscis into 

the vascular tissues of plants either in 

xylem or phloem and acquire sufficient 

quantity of plant sap. This resulted in 

variety of malfunctions  

 

and deviations in phenology and 

physiology of plant system. Majority of 

sap feeders concentrate on phloem (main 

transport channel of food materials) to 

obtain their nutrition and whereas, certain 

leafhoppers and spittlebugs feed within the 

water-conducting tissues called xylem.  

Feeding mechanism 

Basically, any insect possesses following 

parts such as, upper lip (labrum), lower lip 

(labium), cutting parts (pair of mandibles), 

holding and mastigating structures (pair of 

labia) and a middle hypopharynx in their 

mouth either with or without 

modifications. In due course of evolution, 

sap feeders evolved with some essential 

modified adaptations to ingest food. 

Majority of sap feeding insects passively 

uptake their food from vascular tissues via 

high pressure exist within sieve elements. 

Their mouth parts such as maxillae and 

mandibles are elongated into thrusting 

stylets which pierce the plant tissues. 

Whereas, the distal end of labium act as 

feeding guide for stylet. While feeding, 

these insects known to produce saliva 

contain digestive enzymes of plant tissues 

(Miles 1999, Felton and Eichenseer 1999). 

This feeding habit cause only little damage 

to plant cells when compared to that of 

chewing Insects. In order to recognize 

ideal host plants, the sap feeders normally 

make multiple feeding probes through 

their stylet (Alvarez et al., 2006; 

Schwarzkopf et al., 2013).  
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Host plants and insect feeding 

Majority of sap feeders‘ harbours on green 

tissues of plants and also devastate 

reproductive portions during certain 

conditions. It is mainly attributed to the 

presence of relatively high levels of 

protein. Nitrogen is the primary plant 

nutrient influence on host plant nutrition. It 

also contributed to the production of 

certain defensive secondary metabolites 

which may interfere with acceptability. In 

general phloem vessels are chief transport 

source of all plant nutrients and xylem take 

care of movement of water. Insects those 

feed on phloem vessels (e.g. aphids, 

mealybugs, scales, whiteflies) are found to 

be predominant than on xylem feeders 

such as cicada, spittle bugs, leaf hoppers 

(Wiegart, 1964, Bayers and Wells, 1966, 

White, 1976, David and Robert, 1987). 

Xylem feeding insects tends to be adjusted 

with more negative water tension and very 

low concentrations of essential nutrients 

available in xylem vessels resulted in 

extraction of large quantities of plant 

fluids than phloem-feeders. But this is not 

easy process as sap feeders need to exhibit 

many physical and chemical reactions to 

overcome plant defences exerted though 

their secondary metabolites (Guerrieri and 

Digilio, 2008). Similarly, plant nutrients 

are highly accumulated in reproductive 

portions than the vegetative arts such as 

leaves and stems and this varied depend on 

plant type, age and nutritional status of the 

soil. Excessively fertilized plants produce 

succulent growth and thinner cuticles 

which causes their more susceptibility to 

sap feeders through easy penetration of 

stylets and rapid food ingestion. Insects 

such as aphids, mealybugs, whiteflies, 

scales and certain hoppers feed on phloem 

excrete larger quantities of honeydew rich 

in sugar and amino acids and this could be 

achieved by consumption of large 

quantities of plant sap. On the other way, 

this helps them for good development and 

reproduction. As a chain of reaction, black 

sooty mould often grows on honeydew 

deposited by sap feeders. Phloem feeders 

possess appreciable number of enzymes 

like amylase, protease and lipases which 

help to break down the plant tissues. In 

addition, their host preference and 

suitability are decided by plant-specific 

chemical compounds. Sap feeders known 

to harbour many intracellular symbiotic 

microorganisms for efficient digestion and 

utilization of food (Douglas, 2006). Apart 

from direct feeding and causing quality 

deterioration their infestation is associated 

with the transmission of phytopathogenic 

viruses (Fig. 9). Thrips often referred as an 

important sap feeder, known to lacerate the 

plant tissue instead of cutting due to 

absence of right mandible. This was 

achieved by the aberration action of their 

left mandible against the plant and sucking 

part helps them to take the liquefied plant 

tissue. Mites especially red spider mites 

and yellow mites do not feed in the 

vascular tissues instead feed on under 

surface of leaves and obtain food by 

removing chlorophyll with their stylet like 

structure called as chelicerae (Fig.10). Due 

to this kind of feeding nature they are not 

much susceptible to systemic insecticides. 

Suitability of insecticides 

As sap feeders directly ingest the plant 

sap, insecticides possessing systemic 

action are found to be more promisive to 

manage them. Basically, systemic 

insecticides are classified as plant systemic 

(systematically moved in plants alone), 

insect systemic (systematically 

translocated in insect alone) and plant and 

insect systemic (translocated in both plants 

and insects). Majority of the commercial 
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plant systemic insecticides upon 

absorption through leaves in turn 

translocated in xylem vessels followed by 

acropetally (upward) moved along with 

water and nutrients and hence they are 

referred as one-way systemic. Insects with 

piercing-sucking mouthparts that derive 

nutrients from food conducting vessels are 

susceptible to systemic insecticides. Plants 

do not readily metabolize these systemic 

insecticides. They possess greater water 

solubility which allows them to be 

distributed throughout plant system.  

Generally, the active ingredient (A.I.) is 

taken up and moved throughout the plant 

via xylem, phloem or both and as a result 

the whole plant sap becomes insecticidal. 

As an insect feeds, it takes up a lethal dose 

of A.I. and cause killing of insects. Insects 

with piercing-sucking mouthparts that feed 

primarily on the underside of leaves are 

susceptible to insecticides with 

translaminar properties or local systemic 

activity viz., abamectin, acephate and 

spinosad. Howbeit, phytophagous mites 

are susceptible to insecticides or acaricides 

with translaminar properties such as 

abamectin and etoxazole. In order to 

achieve desirable level of management, 

while targeting insects feed on xylem, the 

systemic insecticide should be xylem 

translocative and similar concept has to be 

adopted for phloem feeders also.  
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Man-animal conflict and coexistence 
 

B. Jagadeesh, N. Midhun Kumar and Sreedhar Bodiga 
 

Forest College and Research Institute Hyderabad 

Mulugu, Siddipet District, Telangana - 502279 

 

The experience of human existence has 

always been linked to the existence of 

flora and fauna. The interactions between 

man and animal can be positive or 

negative, depending on the sharing of 

habitat, resources. Man has developed 

innovative adaptations to assume the 

superior ecological power on the planet. 

This dominance has led to the elimination 

of various species; altered dynamics of 

ecosystems; and indisputable loss of 

human life, crops, livestock, and property. 

The resolution of this conflict is crucial to 

the conservation and restoration of many 

species, and argues if the coexistence with 

other animals is guided by social, 

economical, and political friction within 

and among human communities. 

Although the concerns of man-animal 

conflict exist from ages, it is only in the 

recent years we have begun to address the 

issue. This has now taken the form of an 

interdisciplinary subject and is emerging 

rapidly with an exponential increase in the 

number of publications on the subject. The 

number of research articles increased from 

25 in 1995 to >1000 in 2020. 

How to define the conflict and 

coexistence?  

Man-animal conflict is generally defined 

as a dispute between humans and wildlife; 

human or animal acts may have an adverse 

impact on the other; Perils or risks posed 

by wild animals for human life, economic 

stability; or the belief that wildlife 

jeopardizes the human welfare. Wildlife 

means all non-domesticated plants and 

animals, but can also include domesticated 

and feral animals. Wildlife damage 

management is the art and science of 

ameliorating and mitigating the cynical 

effects of wildlife while sustaining or 

improving their beneficial aspects.  

 

 

Conflict Coexistence 

 

Significance of the conflict 

Man-animal conflict has critical 

implications for biodiversity and 

ecosystem health, in addition to direct or 

indirect impact on the human welfare. Man 

can be injured or in more severe cases put 

to death (a) when the animals bite, claw, 

gore, or directly attack; (b) when animals 

bump into different means of transport 

employed by the humans; (c) due to 

transmission of a zoonotic disease or 

parasite. Animals can also substantially 

damage crops, livestock, and manly 

possessions and belongings. Indirect 
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damage due to conflict is rather difficult to 

assess, but can include potential losses to  

farmers, due to effects on livelihood and 

food security. 

The interactions can be plotted on a 

continuous scale on both positive and 

negative axes, varying in intensity from 

minor to severe and in frequency from rare 

to common. Direct attacks by the 

predatory animals such as tigers, lions, and 

sharks are relatively less common, but 

when happen can be lethal and inviting 

strong public reactions. On the other hand, 

conflict between people and garden pests 

or birds such as geese may be more 

common, but incite less concern. The 

frequency and intensity of conflict can 

vary within and among the geographical 

locations. Extinction of a species may 

indicate the most extreme biological 

impact, while other species may be pushed 

to the brink of extinction or be considered 

endangered, due to declining numbers. 

Lowered abundance of large, predatory 

species may have cascading environmental 

repercussions for other species and 

ecosystem services and many of these are 

linked to conflict with man. 

Historical and evolutionary aspects of 

the conflict 

Evolution is primarily a story of 

interactions between the man and wildlife. 

Man‘s ability to thrive even in the face of 

adverse environmental scenarios has 

propelled him to adapt and carve a niche 

as a ―superpredator‖. Predatory threats 

from wild animals were avoided by the 

early man probably because of 

surveillance methods, development of 

weapons. Modern vertebrate predators are 

those that have survived the environmental 

changes and competed with early man. 

Expansion of early human populations and 

spread of agriculture led to substantial 

changes in the abundance of large 

vertebrates and extinction of large 

mammals, although new techniques and 

tools were aimed only to reduce wildlife 

damage.The governments initiated and 

implemented laws and policies to address 

wildlife conflict, with the aim of 

controlling bird damage in Scotland, 

eradication of wolves, foxes, and birds in 

new American colonies.  

Such policies and support for control and 

eradication programmes in many areas 

continued in the twentieth century. Real 

and perceived conflicts led to eradication 

of wolves, extinction of three tiger species, 

whereas more resilient species such as 

coyotes and red foxes adapted better and 

survived. 
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General conflicts and location 

characteristics 

Man–animal conflict and coexistence 

occur with endangered, plentiful pest, 

heavily managed or domesticated species 

in assorted ecosystems. Major focus has 

been on the species to be conserved, so as 

to protect the endangered species through 

resolution of conflict and fulfilling the 

needs of local communities. Overview of 

the types of man-animal conflict based on 

the taxa, location and impact can be 

presented as: 

Giant terrestrial and amphibian animals: 

Size of animals is a strong indicator of 

conflict, as large predatory species and 

herbivores can cause injury to people and 

other livestock of lesser size. Giant 

animals that live on the ground or 

amphibians such as crocodiles that are 

adapted to ground, water and sometimes 

saline water habitats were the focus of 

many of the man-animal conflict studies. 

Carnivores 

Man has shown intense animosity towards 

big carnivorous species because of actual 

and imagined effects on human health and 

livelihoods. Felids and canids are 

especially at risk of confrontation with 

man due to their wide variety of habitats, 

animal size, and their dietary habits. The 

profuseness of these carnivorous species 

often depends on the availability of 

suitable ‗prey‘. Increased ‗prey‘ density in 

the form of enhanced livestock availability 

tends to potentially higher rates of conflict.  

Three-fourths of the felid species across 

the globe are affected by man-animal 

conflict and the severity of such a conflict 

increases with the body mass of the 

animal. Man has injured, hunted, and 

eliminated a wide variety of animals. 

Severe drop in the number of wolves, 

jaguars, lions, wild dogs and tigers have 

been because of the man-animal conflict. 

Herbivores and omnivores 

Other animals including elephants, swine, 

and deer are also confronted by man. More 

than 60% of the largest terrestrial 

herbivores with a body mass of > 100 Kg 

are endangered, with severe impact on 

other animals and ecosystem.  

These herbivores tend to trample, 

consume, and damage vegetation of 

ecological and socioeconomic value. More 

common is the conflict between man and 

ursids. Brown bears that use diverse 

habitats consume human-related foods, 

such as livestock, crops, and beehives. 

Wild boar causes agricultural damage. 

These conflicts are not confined to largest 

or dangerous animals; many smaller 

vertebrate species do compete with man 

for food as well as space.  

Reptiles 

Variety of reptiles, including snakes of 

different types come into conflict with 

man. Non-venomous reptiles such as 

alligators, crocodiles, and caimans can 

afflict serious and lethal injuries in 

humans. 

Agricultural pests 

While endangered animals such as tigers 

and wolves have gained significant 

recognition, other abundant animals also 

serve as sources of conflict in an 

economical perspective. Pests that affect 

agricultural crops, other animals or 

organisms that can be harmful to crops or 

livestock are the major source of 

agricultural damage.The common 

approach to pest control is to eliminate as 

many individual species as possible.  

Alternative approach is to disperse animals 

considered to be pests.  

Ferals 
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Ferals such as wild and domesticated cats 

and dogs are regarded as predators. Cats 

and dogs can also cause conflict through 

predation on other wildlife, disease 

transmission, wildlife disturbance, 

hybridization, and direct attacks on 

livestock and people. Wild predators in 

turn kill domesticated pets. Wolves kill 

dogs, causing emotional and economic 

distress to dog owners. Other feral animals 

such as horses may be involved in 

trampling and grazing, impact on native 

habitats and species, and conflict with 

rural populations. 

Marine animals 

Oceans and water bodies also serve as 

sources for man-wildlife conflict. The 

marine conflicts could be direct attacks, 

bites, stings, and collisions, as well as 

impacts related to pollution, removal and 

modification of natural habitat, resource 

extraction, tourism and recreation, 

entanglement with fishing gear, and other 

harvesting activities. 

Transmission of disease 

Wildlife species act as sources of 

pathogens, and zoonotic and vector-borne 

diseases pose serious risk to livestock, 

human and wildlife health.  More than 

50% of all emerging infectious diseases 

are zoonotic, that can infect both humans 

and animals. Among these zoonotic 

diseases, 72% originate in wildlife.   

Common zoonoses are bacterial diseases 

such as plague, brucellosis, tularaemia, 

anthrax, salmonellosis, and Escherichia 

coli; viral diseases such as rabies, West 

Nile virusinfluenza, and hantavirus; and 

transmissible spongiform encephalopathies 

(prion disease such as Creutzfeldt-Jakob 

disease, chronic wasting disease, mad cow, 

and scrapie.  

Important diseases outbreaks of zoonotic 

origin in the recent past are Ebola, avian 

influenza virus A (H5N6) and A (H7N9), 

Middle East Respiratory syndrome corona 

virus, severe acute respiratory distress 

coronavirus 2, and cholera. 

Conflicting factors 

The probability of conflict between man 

and animal is to a great extent, determined 

by social and ecological factors at multiple 

scales. The root cause being the 

burgeoning human population and the 

subsequent rise in agriculture, land and 

resource utilization, technology, 

transportation, and energy. A variety of 

evolutionary, economic and behavioural 

causes also contribute to the cause of man-

animal conflict. The conflict may not 

always be random, but conflict dynamics 

is difficult to assess due to the increasingly 

dynamic behaviour of species involved, 

their ecology, seasonal changes in 

cropping and husbandry activity, and 

availability of resources. 

Population explosion and associated 

economic developments are radically 

modifying the planet. Urbanization is a 

major anthropogenic force and majority of 

the population is more urban than rural for 

the first time in the history of mankind. At 

the ground level, the underlying 

relationship between the human population 

growth and animal conflict is not clearly 

understood.  

High human population densities may be 

associated with loss of carnivore 

abundance at local level in certain regions. 

Favourable laws and effective 

management practices appear to bemore 

relevant than the human population size or 

density alone. Small populations in rural 

areas tend to enhance conflict with 

carnivorous species as they adapt for 

landscapes with more prey and less human 

density.  
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Agricultural practices and intensity over 

the globe are likely to affect the natural 

ecosystem balance. The productivity of 

agriculture is likely to gain more 

importance and this can be achieved only 

if farmlands are increased by 200-300 

million hectares by 2050. This will directly 

lead to a decrease in wildlife habitat. 

Livestock populations remain the major 

ecological as well as economic drivers on 

the Earth and the global increase in 

livestock numbers will be a determining 

factor in the man-animal conflict in some 

places.  Degradation and loss of habitat 

due to increase in agricultural farming and 

retaliation for livestock predation are the 

major factors resulting in reduction of 

predatory animals. 

Global population growth necessitated a 

massive expansion of transportation 

facilities, which led to increased chances 

of bumping with wildlife. Location and the 

frequency of transportation-related 

collision with various wildlife species like 

deer and moose are influenced by species-

specific behaviours, traffic density and 

speed, and land cover and land use. Traffic 

on roads also causes bird deaths, while on 

the other hand bird strikes in aviation also 

have claimed human lives and had an 

economic impact on the aviation industry. 

World energy requirements and 

consumption patterns are changing 

dramatically, the rising energy production, 

either from renewable or non-renewable 

sources, poses a great risk for both wildlife 

conflict as well as conservation strategies. 

Oil, natural gas, atomic energy exploration 

and exploitation, industrial solar 

installations directly impacts wildlife 

populations. 

The chances of man-animal conflict are on 

the rise due to growing human 

populations, expanded agricultural 

farming, increased transportation network, 

and enhanced energy exploration; these 

means of conflict are to certain extent, in 

some countries, are targeted by stringent 

conservation policies. Increased wildlife 

habitat protection, although does little to 

reduce conflict, is known to result in better 

conservation outcomes. 

Factors determining conflict and 

coexistence 

Why some animals within populations are 

never or rarely involved in conflict, while 

others are occasionally involved and many 

others are habitually involved in the 

frequency of crop damage, livestock 

depredation etc. One of the key factors 

appears to be life stage of the animals that 

can determine the conflict frequency. 

When the animal is aged, injured or sick 

and the animal is forced into a suboptimal 

habitat by its younger competitors, it 

becomes incompetent to compete with 

other wild animals for prey; it is more 

likely to get into predating the livestock, 

damaging the crops, and other risky 

endeavours which increase the man-animal 

conflict. Animals in their young age are 

also likely to venture into risky behaviour 

in certain situations due to inexperience or 

group‘s social stratum and network, when 

the older animals have been targeted by 

hunting. 

In addition to life stage, sex is another 

factor.  Male elephants are known to be the 

cause of substantial crop raiding in Asia 

and African continents. Similarly, male 

felids are more aggressive in killing 

livestock and young male bears are seen to 

frequently venture into human habitats. 

Many of this conflict triggering species are 

known to be used to wider home ranges. 

On the other hand, females with cubs also 

resort to conflict.  
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Social learning evidently impacts the 

conflict behaviour, as the animals get to 

see the older close associates raiding the 

fields. The type, range and percentage of 

conflict is also governed by the availability 

of food, water and other ecological 

determinants. Availability of sufficient 

prey for the predators in the wilderness can 

significantly reduce the conflict 

probability.  

Interactions of man with wildlife are to a 

great extent influenced by a broad variety 

of socio-cultural factors, including 

complex emotional perspectives, 

economics, governance and stakeholder 

involvement. Sometimes it does involve 

man-man conflicts and include variations 

in perceived threats to lifestyles, values 

and general views.  Overestimation of 

perceived risk is considered a critical 

property that can influence wildlife 

conflict. Regardless of the size, rodent or 

invertebrate may cause more extensive 

damage than visibly large, potentially 

dangerous vertebrate species. The media 

plays an important role in framing the 

conflict and can influence the public 

opinion. Proper educational measures can 

encourage non-conflicting behaviors. With 

enforcement the man maybe moved away 

from the protected areas.  

However the success of educational 

programs as well as enforcements requires 

attitudinal commitments from the 

population. The communities have to 

engage in groups to reduce conflict, but 

non-cooperation and distrust disengage 

people from meaningful ways to avoid 

conflict. Incongruence in assessing the 

scale of the problem, stringency with 

which the legislation and law enforcement 

work also play an important role. 

Educational status directly impacts the 

mitigation measures. Gender specific 

interaction with the environment and the 

way they deal with conflicts may 

predispose the communities to these 

conflicts. The historical context is also 

equally important. Many communities 

have coexisted with carnivorous species 

for years, and have established livestock 

husbandry techniques including 

shepherding and night corrals along with 

development of policies such as stable 

land tenure, and strong legal protection. 

In villages, poor management of livestock 

often leads to inadvertent livestock 

predation. Seasonal husbandry such as 

lambing and calving which may involve 

livestock migration into vulnerable 

habitats posed serious risk, while constant 

monitoring by the humans can reduce the 

risk. In the urban areas both lethal and 

nonlethal conflict situations involve 

damage to landscapes, gardens, destruction 

of public spaces, noise pollution, picking 

up garbage bins. The urban environment 

may act as a notorious ground for wildlife 

killing, including road accidents, collision 

with bungalows, depredation, and disease.  

The animals that get displaced into the 

human landscapes show behavioral 

differences potentially increasing the 

opportunities for conflict. 

Managing the wildlife conflict 

Both lethal and nonlethal approaches are 

emerging to prevent or to reduce the 

frequency and severity of conflict. 

Activities that are regulated or 

unregulated, methods employing 

expensive infrastructure and contribution 

from the government could be involved. 

Low-cost tools with individual‘s 

commitment also serve to reduce the 

conflict. 

Lethalis rather a controversial method to 

fix the damage done by the animals. This 

may involve eradication of the entire 
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population of a particular species in the 

extreme conditions. Awarding bounties to 

reduce and eliminate the predator 

populations has often been cited in history. 

However lethal control is more commonly 

employed to limit the more abundant 

species such as coyotes and selectively 

removing more aggressive animals that 

have been directly threatening the human 

life. Lethal control measures include use of 

firearms, poison, traps such as snares and 

rotating jaw traps. 

Regulated harvest of animals combines 

monitoring of the numbers followed by 

lethal control to achieve management 

objectives. Sanctioned lethal control such 

as sport hunting is commonly used as a 

preventive or remedial measure. 

Unregulated or illegal harvesting is a 

serious conservation concern for various 

species. Hunting of animals may lead to 

increased infanticide, hybridization, 

perturbed social structure, reduced juvenile 

survival and recruitment. It can also lead 

to attenuated gene transfer among 

populations. In certain contexts, targeting 

of chosen species may severely reduce the 

conflict. 

Various nonlethal strategies are preferred 

to reduce conflict, while considering the 

conservation concerns. This may involve 

moving the wildlife away from people and 

livestock, using guard animals, mechanical 

tools and chemicals to deter wildlife. 

Translocation of animals from high to low 

conflict areas has been typically low. The 

problem with translocation is the depth of 

the target animals during transport 

construction of barriers and use of 

exclusionary devices aims to limit the 

wildlife damage. The barriers restrict the 

wildlife movement, inhibit disease 

transmission, and protect highly 

endangered species. Use of natural barriers 

is more preferable in order to avoid 

unwanted damage to the animals. 

Traditional barriers such as ‗bomas‘ in 

parts of Africa or hybrid living walls serve 

the purpose.  

Modification of habitats to discourage the 

animals may require draining of the ponds 

and removing certain vegetation. 

Providing alternative sources to divert the 

attention away from valuable crops is also 

a viable alternative. 

People watching over the livestock or 

crops can avoid damage and reduce 

conflict and this has been practiced for 

over years. This old, but successful 

strategy involves labor costs and constant 

vigilance. Not all predators can be deterred 

by people, especially at nights. 

Modification of livestock husbandry 

practices that include changing of planting 

and harvesting schedules, which are very 

much dependent on climate and weather 

conditions, modification of grain storage 

facilities and barns so as to protect them 

with barriers can reduce the conflict 

frequency and severity. Leaving the 

livestock in an enclosure rather than 

allowing them to roam free at nights will 

likely reduce the chances of conflict. 

Training of guard animals, such as dogs 

and Llamas can protect livestock from 

cheetah, coyotes, cougars, wolves and 

black bears. Wild carnivores can 

sometimes even kill these trained guard 

animals due to their inattentiveness and 

such killing can involve retaliation and 

resentment furthering the chances of 

conflict. 

Technologies commonly in use to capture 

or deter unwanted wildlife include 

restraining traps, snares, nets, and cages. 

Fear-inciting visual, auditory, olfactory 

triggers, chemicals, or tools that startle or 

divert animals can be used for repelling 
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animals. Fire crackers, torches, or bang 

pans are used for deterring elephants. 

Wildlife can be discouraged from 

repeatedly raiding crops or attacking 

livestock with the use of aversive 

conditioning, application of negative 

stimuli to modify behavior such as bad 

tasting chemicals or herbals that induce 

vomiting, electric shock collars, rubber 

bullets, loud noise or lights and plants that 

smell bad. 

Radiotelemetry is a newly emerging 

technology that can be widely used for 

understanding and reducing man-animal 

conflict. Sending out signals when the 

livestock are sedentary for longer periods 

will enable the managers to quickly assess 

the cause of death or to determine whether 

predator movements are associated with 

temporal variation in depredation 

behavior. Medical approaches such as 

sterilization programs, fertility control 

through mechanical and surgical methods, 

endocrine disruption, and 

immunocontraception can also be used to 

reduce conflict. 

The role of humans in managing the 

conflict 

Man either tries to manage the wildlife or 

build barriers to reduce the damage caused 

by the wildlife, but deep introspection and 

attitudinal/behavioral change from the 

human side could bring in better changes 

towards managing the conflict. The 

common tools used for investigating the 

human dimensions of conflict and 

coexistence are surveys, interviews, direct 

field observations, ethnographic 

approaches, community participation and 

focus groups and other forms of direct 

engagement with communities and 

stakeholder groups.  

Public policy is one important tool that can 

promote the coexistence of man and 

wildlife. Most notable among these 

include stable political institutions, 

national/international laws, effective law 

enforcement, wildlife friendly economic 

and agricultural policies.  

Strategies that can promote people 

working together to resolve the conflicts in 

a coherent fashion include education, 

information sharing, co-management, 

collaborative and participatory planning, 

risk assessment, strategies to change 

perceptions, poverty alleviation programs, 

community-based natural resource 

management and other forms of 

stakeholder engagement and processes. 

Spatial zoning works as a land use 

conservation tool, to delineate wildlife 

areas and people areas. Such zoning can 

regulate management objectives, restrict 

access, control responses, andhelp to 

prioritize economic outlays, such as 

subsidies or compensation.  

Economic incentives are expected to 

increase the tolerance for predators and 

other wildlife. These economic tools could 

be in the form of compensation, insurance, 

performance payments and incentives. 

Compensation involves reimbursing with 

cash or in-kind payments to people who 

have suffered damage to crops or 

livestock, or personal injury or threats 

from wildlife.  

Drawbacks associated with compensation 

schemes are difficulty in tracing the cause 

of damage, slow, cumbersome, or 

insufficient payment, high transaction 

costs and problems of trust and 

transparency. These compensation 

programs aim at direct effects of livestock 

losses, but do not address indirect losses 

such as insufficient weight gain in 

livestock from stress, that can also affect 

animal health and reproduction. 

Assessment of the damage and pricing is a 
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difficult task. The farmers may have little 

incentive to protect livestock if they can 

obtain economic compensation for 

depredation, which becomes a moral 

hazard. This is addressed with requirement 

of proof of improved livestock husbandry 

to receive such payments. These are 

performance payments that compensate 

people on the condition of wildlife 

abundance.  

Such payments ensure a direct link 

between monetary payments and the 

production of desired conservation 

objectives. The traditional subsidies are 

not typically linked to conservation 

outcomes.  

Insurance schemes are akin to 

compensation programs but do required 

participants to pay a premium. The 

insurance schemes can promote fair 

payments by better incorporating the risk 

into the price of premium and payments. 

Sometimes these schemes are also 

challenged by the risk of fraudulent claims 

and adverse selection. Challenge of small 

pools of participants and high premiums 

could be addressed with supplemental 

funds from various government or 

nongovernment support, community 

financing or better risk evaluation. 

Other economic incentives and benefits 

may offset the cost of conflict. 

Photographic tourism and other forms of 

ecotourism in which tourists pay local 

communities to see wildlife may reduce 

incentives to eliminate wildlife that cause 

conflict.  

Conclusion 

Advances have been made in 

understanding the importance of man-

animal conflict, biological and social 

factors that influence conflict, and 

strategies to reduce conflict and promote 

coexistence, but this interdisciplinary field 

is still in its infancy and a spectrum of 

opportunities exist for further improving 

the situations. 



Van Sangyan (ISSN 2395 - 468X)                Vol. 7, No. 8,           Issue: August 2020  

 Published by Tropical Forest Research Institute, Jabalpur, MP, India  24 
 

Nature talks about man-made forests: (Miyawaki method) 
 

Jagadeesh Bathula,
 
G. Chandrasekhar Reddy, Sreedhar Bodiga and 

 

Shashank Sudarshan. T 
 

Department of Natural Resources Management and Conservation 

Forest College and Research Institute, 

Hyderabad, Mulugu @Mulugu, Siddipet district-502279 

 

Although the word forest is commonly used, 

there is no universally recognized precise 

definition, with more than 800 definitions of 

forest used around the world. The 

word forest derives from the Old 

French forest (also fore’s), denoting "forest, 

meaning vast expanse covered by trees. It is 

also defined as a plant community 

predominantly consisting of trees and other 

woody vegetation, usually with a closed 

canopy. But legally, it is defined as an area 

proclaimed to be forest under forest law. In 

Indian context during the period of British 

invasion, the systematic approach of forest 

management has started to sustain the 

ecological balance and stability of the forest. 

In the recent past, innovative reforestation 

approaches have gained decisive attraction 

towards increasing the forest cover and 

climate amelioration. It composes many 

plant species which may be of principal, 

accessory or auxiliary species out of which, 

principal type of plant species is the one 

which are most important in a mixed forest 

either by volume or value. Forests 

classification is defined as the grouping and 

arrangement of forests based on defined 

criteria such as composition, age, climatic 

elements, structure, habitat, etc., Out of 

which, we are going to discuss about natural 

regeneration (forests) and artificial 

regeneration (forests) type of forests. 

Regeneration is the renewal of forest crops. 

Natural regeneration is nothing but native 

forest created on its own by nature by self-

sown seeds or coppices or by root suckers. 

Seed dispersal may be done through wind, 

water, gravity, birds and finally by animals. 

Where the germination capacity and 

germination energy at that specific time, 

year etc. matters for regeneration. And 

coming to the artificial regeneration, it is 

defined as renewal of forest crop by sowing, 

planting or other artificial means and it can 

be done either by afforestation and 

reforestation works. Here many factors 

influence the reforestation process like yield, 
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risk of damage by pests, genetic 

considerations, Time and cost etc., The 

accomplishment rate of any man-made 

forest depends on various sequences of 

events, like site selection, ground clearance, 

soil nutrient enrichment, species selection, 

pits dimension, planting pattern, usage of 

organic bio fertilizer and post planting 

management. 

Choice of species 

The species selected according to humans 

needs, should be able to adapt the climatic 

conditions according to area selected, they 

should also be able to improve soil fertility 

and reduce soil erosion, should withstand 

pests and disease factors and at last should 

be fast growing. One of the methods to 

increase forest cover now-a-days is using 

Miyawaki method. According to a study of 

World Resource Institute, in India, 

nearly 1.6-million-hectare forest area was 

wiped out between 2001- 2018. This 

significantly contributed to the immediate 

shifts in the global climatic conditions, 

mainly led by global warming. Concerning 

this aftermath, the Indian Government 

professed to turn 33% of its geographical 

area into green forest cover by 2022. Hence, 

the Miyawaki Forest Method in India can be 

employed to facilitate the process of 

establishing the tree cover to help reach this 

objective, which currently stands, 

covering 24% of the forest area. 

Introduction to Miyawaki method 

A Hall of fame Professor ―Akira Miyawaki‖ 

is a Japanese botanist, well known plant 

ecologist and expert in restoration of natural 

vegetation on degraded lands. He invented 

the ―Miyawaki restoration technique‖ to 

protect the lowland areas against natural 

calamities of tsunamis. The basic principle 

of Miyawaki is high density plantation in 

small pieces of land with native tree species; 

it can certainly protect the low-lying areas 

from natural disaster. Among the different 

types of greenery, real forests made up of 

trees native to the area are three-

dimensional, multi-layered communities 

having 30 times the surface area of greenery 

of single-layered lawns, and have more than 

30 times the ability to protect against natural 

disasters and to conserve the environment. 

These forests are completely unyielding to 

natural disasters such as fires, earthquakes, 

typhoons, or tsunamis. So, the greenery that 

is most important to us now is the greenery 

of native forests made up of trees native to 

the area, as symbolized by the groves of 

village shrines. Native forests protect life 

and protect the environment. In India, 

Shubhendu Sharma, an industrial engineer, 

introduced the Miyawaki technique 

in 2011.He first observed this technique 

while assisting botanist, Akira Miyawaki 

during the cultivation of a forest at the 

Toyota plant where he worked. Later on, he 

made his first attempt with this method in 

his backyard which obtained positive results. 

After much planning and analysis of the 

entire methodology, he finally took the 

initiative with Afforest to render services in 

building thick, native forests. In Telangana, 

this drive was taken up by Dr. G. 

Chandrasekhar Reddy (IFS, Addl.PCCF) of 

Telangana state. He established this method 

in Yadadri and Choutuppal divisions of 

Telangana state under the project 

Telanganaku Haritha Haram (TKKH) in 

2018, TKHH is a large-scale tree-planting 

program implemented by the Government of 
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Telangana. The plan aimed to increase the 

amount of tree cover in the state from 24% 

to 33%, The flagship programmes aims to 

rejuvenate degraded forests, protecting these 

forests from threats such as smuggling, 

encroachment, fire and grazing. Using this 

method, His case studied the entire area of 

these divisions and established this 

Miyawaki model at different areas of these 

two divisions, out of which 1 site which was 

established in 2018 gave a very good result 

in building dense forests and rest are in 

progress. 

Methodology involved 

It has been proven that restoration of native 

forest is possible by collecting seeds and 

seedlings of climax species in the forest, 

raising them in a nursery and after 

adaptation planting the young plants on sites 

adequately prepared. Basically, the 

plantation is done as four different layers: 

Emergent (canopy) layer, Tree layer, Sub-

Tree layer and finally, shrub layer.  

So that, plantation growth rate will be high 

as they get equal amounts of light, etc., For 

1 acre of land, 4000 species are used. 

Miyawaki follows 4 basic principles for this 

forest regeneration like using indigenous 

species, proper land preparation, species 

mixing and competition (following 3 

seedlings pre sq.mt), and lastly, water 

conservation habitat to plants by making 

proper land preparation for better water 

retention but in India, many ecologists 

suggested and follow6 steps in commitment 

to Miyawaki method.  

Step.1 

Soil survey 

This step includes surveying of proposed 

site area to obtain critical information 

pertaining tothe parameters like soil texture, 

organic carbon content, soil pH which to get 

an overall assessment of soil properties like  

Step.2 

Surveying native indigenous species & 

biomass 

Native species survey will entail visiting the 

local site and surrounding areas, conducting 

PNV‘s indifferent seasons, generating 

primary and secondary data and gathering 

information of all the species for 

quantitative and qualitative indices. 

Step.3 

Sapling procurement 
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The species to be planted were selected from 

a phytosociological study of comparable 

sites still covered by natural vegetation. If 

whether the seeds are collected from natural 

tropical forests and prepare own saplings, 

they should be transplanted when they reach 

2- 3 leaf stage to pots and should be 

screened and make them adapt to 

environments and soils. And if want to make 

a procurement from local nursery, the 

sapling procurement and the choice of 

species selected should be healthy and risk-

free form any infestations and also checking 

propagation methods of particular species 

and ensuring that they are as per Miyawaki 

method standards. Saplings should be 

selected according to area and climate of 

particular site, native plants. 

Step.4 

Soil preparation 

All the area of the site should be cleared 

relieving the native plants present in that 

area which are need for our forest creation. 

Soil digging at a depth of 30 cms and kept 

aside on all four sides. Then the dug up are 

is ploughed up to 10 cms and collected dried 

leaves, grass and green manure are spread @ 

8 CMT per acre. Urea is also applied @10 

kg per acre for accelerating the 

decomposition rate. After that, 9 cms of soil 

layer is covered and FYM is applied @ 200 

Cft peer care and then covered with 9 cms of 

soil and then watered. Then 

vermicomposting is added @ 80 Cft per acre 

and Earthworms are also added @ 1kg per 

hectare and lastly, covered with soil as top 

layer and watered for 3 weeks. Criss cross 

ploughing is done and 30 cubic cm pits are 

dug for plantation purpose. And the left-over 

soil is turned to make a small bund forming 

on all sides of the site area. Some ecologists 

also use coconut shells, sugarcane bagasse at 

the bottom of soil preparation. 

Step.5 

Plantation 

2-3, pot seedlings are to be planted per 

square meter area to obtain densely mixed 

forest environment. 

As discussed above, plantation method in 

Miyawaki does not follow any definite 

spacing patterns, but the planting is done 

according to different canopy layers and as 

discussed and make sure before planting, 

root zones are secured and planted with 

microbial enhancers etc., after planting, 

grass layer is covered between saplings for 

better water retention and also to control 

weeds development. In one-acre area, 4000 

plants of different species of plants are used 

which multiplies to 10,000 plants for a 

hectare area. Almost 30 trees are planted in 

10 sq. mt. area. Community Plantation helps 

the people about the methodology involved   

in and also makes them aware of the need 

for forests for living a sustainable life. 

Step.6 

Maintenance monitoring of sited area 

Miyawaki forests requires maintenance for 

first 2-3 years in the form of proper 

irrigation (weekly 2-3 times), pest 

monitoring. Pest management practices are 

done if only they reach the threshold level 

otherwise, pest management is avoided. 

Results 

Miyawaki methodology gave very good 

outputs in tropical and subtropical areas.  

The possibility of breeding grounds is also 

high. The climate of sited areas viz., Yadadri 

division and Choutuppal division shows 

Moderate climate in all seasons with 
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beautiful hillocks. Maximum growth of 

different species increased during June to 

December. As the plantation is done in 

2018, all the species attained 6-7 mts height. 

Dendrocalamus species are also used along 

the edges of the site area which are showing 

a good growth. Actually, grass species are 

not used in Miyawaki method, but running 

them along the edges may be useful in future 

for livelihoods which do not affect the 

adjacent species and forest can be covered 

easily without damaging the adjacent 

species. The area we have gone through for 

studying is mostly covered by the tree 

species, but with good growth of trees with 

good height and diameter, with the minimal 

attack of pests and disease. During the study 

in Telangana, we mostly came across the 

many tree species, and the area is densely 

covered with vegetation fully with the 

abundant trees and grass species and which 

is mimicking the real natural forest. This 

method increases the SPM level, ground 

water recharge, and increase in biodiversity, 

dense growth of plantations, more co2 

absorption, and also habitats for pollinators 

Conclusion 

YNFM is providing  various benefits to the 

people. The growth of the plantations were 

really good with morethan 80% survival. 

The insects and pest attack was really less. It 

was acting really like a natural forest by 

provinding different benefits like tree cover, 

timber , fruits, reduces soil erosion, reduces 

the temperature means green house gases, 

act as migratory routes and breeding 

grounds for different animals.Its better to 

make dense culture i.e., multi layered forests 

rather than turning lands as gardens, 

conventional plantings (Monoculture) which 

increses the sustainabillity in the former.We 

from FCRI, Hyderabad, are also going to 

establish a model in our campus area within 

a short time as we got proper idea about 

methodology of estabishment, we already 

done with the PNV‘s of the areas, and ready 

for land prepartaion and sapling 

procurement and futher steps. We would 

also check the Mycorrhizal associations and 

in the soil and as we discussed, Miyawaki 

mthod also best suits for urban forest cover 

and  for site seeings; to increase the 

possibility of breeding grounds, we are 

under research  to use only organic 

pesticides which are prepared from bio 

excretes and also under research to add a  

plant species of non-native species in urban 

areasand making that habit to grow  in local 

envoironments which helps in breeding 

grounds for migratory birds which best suits 

for  urban forest creation models and also it 

whould act as tourist spot to capture 

different life forms, Bird watch etc for 

visitors  as mapping of plantation is also 

done securely in acreative way with the 

cordial help of our Addl. PCCF Dr. 

Chandrasekhar Reddy sir andalso with our 

project priclipal investigators, Mr. 

Jagadeesh. B, Dr. Sreedhar. BFCRI
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Digging of soil

• Dig the soil up 
to 30cm .

• Tillage should 
be with the help 
of Cultivator.

Biomass 
application

•Grass (1 cm 
layering), dried 
leaves, Gliricidi
a and Lawn 
grass  are used.

Farm Yard 
Manure(@200 
Cft/acre), Urea 
application(@120kg/
acre).

•Wetting land after 
9cms of soil cover 

Wetting of land  for 2-3 
weeks  

Vermicompost 
application( 80 Cft/ 

acre, Earthworms @ 1kg / 
ha)

Plantation with 
local comunities,

Water 
conservation, Mulc
hing , Weeding (1st

year)& 
Management work 

Methodology of Establishment 
 

At last, we would like to show sincere gratitude for some great scientists, Ecologists etc., who’s striving for conservation of nature with an aim 
of sustainable life development and also our solmn thanks for their teachings., we would be nothing without their efforts 
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Abstract 

Silkworm provides a potential source of 

human food especially to the poor tribal 

people and forest dwellers residing in 

close proximity of forests. Their 

nutritional values are astonishingly high, 

containing large quantities of proteins, 

fats, carbohydrates and vitamins. The 

present article describes the different 

silkworm species eaten by aboriginal 

people of the world with special reference 

to India.  

Key words: Silkworm, India, tribal food, 

nutritive value 

Introduction 

Silkworm is the gift of god. Silkworms 

provide not only silk fibre but also food to 

the human beings (Roychoudhury and 

Joshi 1995). In many parts of the world, 

silkworm is exploited as a food source. In 

the silk producing countries of Asia, the 

dried larvae and the pupae are eaten. In 

Africa, the mature larvae of saturniids are 

collected and sold live in the markets for 

human consumption. They are eaten row, 

dried or powdered or used as a garnish in 

stew. In Western United States, the 

aboriginals of California and Oregon use 

to collect and consume the pre-pupa and 

pupa. The dried product is called 

‗peoggie‘. The dried larvae are frequently 

used in stews, sometimes pupae too are 

roasted and consumed. Silkworm is 

considered as best preferred insect as food 

by tribal around the world, including India.  

 

 

The present article deals with these 

aspects. 

Silkworm as edible insects 

Bristowe (1932) has mentioned in his 

comments that silkworm pupae are eaten 

by the Chinese. Silkworm pupae are a by-

product of reeling industry. It is estimated 

that in case of mulberry silkworm, Bombyx 

mori Linn. (Lepidoptera: Bombycidae), 

annually 1.5 lakh m.t. of pupae are 

produced in India which is generally a 

waste material, otherwise. In some parts of 

India and China, the mulberry silkworm 

pupae are regarded as delicious food and 

are extensively eaten when the silk has 

been reeled off. The pupae are either 

cooked in very hot water or roasted. It is a 

delicacy to tribals in some parts of north-

eastern states of India. The fleshy larvae, 

pre-pupae and pupae of non-mulberry 

silkworms (Lepidoptera : Saturniidae), 

such as muga silkworm, Antheraea 

assama Westwood,  tropical tasar 

silkworm, A. mylitta Drury and wild 

tropical tasar silkworm, A. paphia Linn., 

temperate tasar silkworm, A. proylei Jolly, 

wild silkworm, Attacus atlas Linn. and eri, 

Samia ricini Boisduval (Fig. 1) and Indian 

moon moth,  Actias selene (Hubner) are 

preferred as food by Garo, Mikir and 

Khasi tribes of India (Joshi et al., 1993). 

They are in high demand in local markets 

of north-eastern states of India.
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Fig. 1. Silk culture and forestry (source: Rana et al., 2003) 

 

The rearing and production of eri silk is 

performed traditionally by the tribal 

communities of Assam, India 

(Choudhuruy 2003). It is important to note 

that the tribal communities rear eri 

silkworm mainly for two purposes, for 

obtaining silk for clothing and to consume 

pupae as a delicious food item. In this 

respect, eri pupa is not a waste product 

while mulberry and muga pupae are 

obtained as waste material after processing 

and reeling the cocoon. In fact, eri pupa 

can be taken out from the cocoon in live 

condition without affecting the quality and 

quantity of silk. The live and fresh pupae 

are consumed by tribal people of north-

east India. 

Food value of silkworm 

Biochemical findings reveal that silkworm 

pupae are highly nutritious and possess 

real food value. The detailed chemical 

constituents of pupae of mulberry 

silkworm, B. mori have been reviewed by  

 

Yokoyama (1962). The data on these 

aspects revealed that mulberry silkworm 

pupae contain water, protein, fat, 

glycogen, chitin, ashes and others in the 

proportions of 7.18, 48.98, 39.57, 4.66, 

3.37, 2.19 and 1.70% in dried pupa; 6.34, 

60.77, 15.30, 5.78, 4.63, 2.73 and 4.57% 

in pressed pupa and 5.49, 72.82, 0.47, 

6.92, 5.55, 3.27 and 5.48% in pupa after 

silk extraction. Deoiled pupa is also a 

valuable source of amino acids, 

particularly for essential amino acids. The 

composition of amino acid mixture in 

deoiled pupa protein are glycine (14 

mg/g), aspartic acid (21mg/g), glutamic 

acid (5 mg/g), serine (5 mg/g), threonine 

(7 mg/g), alanine (0.094 mg/g), lysine (5 

mg/g), arginine (19 mg/g), 

valine+methionine (199 mg/g) and 

leucine+isoleucine (500 mg/g). Further, 

the mulberry silkworm pupae are also rich 

in vitamins, viz. vitamin B12, nicotinic 
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acid, folic acid and vitamin D. The fatty 

acid composition varies during 

developmental stages but lionolenic acid is 

predominant throughout, amounting 

approximately one-third of the total fatty 

acids (Nakasone and Ito, 1967). All these 

indicate that mulberry silkworm pupae are 

rich in biochemical compositions which 

are of vital need to the human beings. 

The chemical compositions of pupae of eri 

silkworm, S. ricini have been published by 

Choudhury (2003). The main constituents 

are found to be 62% crude protein, 44 % 

soluble protein, 25% total lipid and 5.2% 

ash content in dry eri silkworm pupae. The 

lipid or oil content of eri pupae is very 

high. This can be extracted from dry pupae 

powder by solvent extraction method. By 

using petroleum ether as solvent, it is 

found that extractable oil in dry pupae is 

19.45% whereas the use of n-hexane 

shows the amount to be 21.47%. Some 

important characteristics of eri pupae oil 

are refractive index 1.47 at 30
0
C, acid 

value 67.37, saponification value 150.88, 

iodine value 174.91 and cholesterol 

0.36%. 

Although often people say that 

consumption of eri silkworm as a ‗filthy‘ 

practice, intermittent research has proved 

that it makes nutritious feeding. Singh and 

Suryanarayana (2003) have mentioned that 

analysis of eri silkworm exhibits high 

amount of protein (55-60% crude protein), 

total lipids (26%) and free amino acids (5-

8%). Hundred grams of dried eri silkworm 

provide 75% of the average individual 

daily protein requirement and 100% of the 

daily requirement of many vitamins 

(pyridoxal, riboflavin, thiamine, ascorbic 

and folic acids and minerals (calcium, iron 

and phosphorus). In terms of protein, fat, 

vitamins and calorific value, eri silkworms 

are compatible to meat and fish. Besides a 

certain degree of indigestibility, common 

with any living thing with an exoskeleton 

of the body, eri silkworms contain large 

amounts of crunchy chitin and their 

consumption can substantially supplement 

preferably cereal diet of poor tribal people. 

Eri silkworm diet and income 

generation 

The larvae of eri silkworm, S. ricini is 

fatty and less spiny. It is bluish or 

yellowish in colour and moulted with 

black markings. It does not immediately 

occur to mind as food, but is better known 

as the ugly creature. It is more than a 

gimmick to grace the starters menu in 

tribal‘s dining table in the north-east India. 

For many tribals of Tibeto-Burman and 

Indo-Mongoloid origin, mostly the 

Rabhas, Bodos, Abor, Miri, Kachari, 

Garos, Khasi, Naga, Adis, Mizos and the 

Syntengs inhabited in the region, it is a 

great delicacy and dietary staple (Singh 

and Suryanarayana 2003). 

Generally, the first generation of eri 

cocoons is harvested by the end of March. 

The second generation, from eggs laid in 

early April, is harvested in May. During 

harvesting period of two seasons, from 

sunrise to sunset for two to three days, one 

can find the rural women busy in taking 

out the pre-pupae through the open mouth 

of the silken cocoon. Such pre-pupae have 

atrophied gut and the gut contents are no 

more available due to initiation of larval-

pupal metamorphic changes. Mostly in the 

evenings, they boil the pre-pupae and keep 

outside for drying. The methods vary from 

place to place. In Nagaland, Meghalaya 

and Karbi Anglong areas of Assam, the 

pre-pupae are dried and smoked in ash and 

hot coal (Singh and Suryanarayana 2003). 

In other areas, pre-pupae are boiled in salt 

water and then semi-dried. The product 

looks like blackened pea nuts/cashew nut, 
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Fig. 2. Eri silkworm dishes (source: Singh and Suryanarayana, 2003) 

curled and dry and is palatable as peanut 

shells.  

In Assam, traditionally, harvesting, 

processing and sale of eri pre-pupae and 

pupae is very common. However, its trade 

has become increasingly commercial. 

North eastern region of India is main 

consumer of eri pre-pupae and pupae. 

These are also available in local markets in 

live condition and sold in plastic bags by 

weight. They can be eaten dry as crisp or 

hydrated again and served as stew or fried. 

Marketing surveys found that rearers get 

good economic return under the present 

practice of edible production of pre-pupae 

and pupae of eri silkworm.  

A report mentioned by Singh and 

Suryanarayana (2003) on ―preparation of 

delicious food from eri silkworm pre-

pupae, pupae and fertilizer from its 

excreta‖ based on a study in small 

traditional sericulture village Khumtai, 

Golaghat district of Assam. In this village, 

there are 240 families are residing, out of 

which 140 families are rearing eri 

silkworm. Due to rearing of ericulture, 

rearers are getting income from three 

sources, such as from eri spinning-48%, 

from eri pre-pupae and pupae-37% and 

from eri waste-15%. The different items of 

cuisine that can be prepared out of eri pre-

pupae and pupae include fry, pakori, chop, 

cake, etc. (Fig. 2). All these would ensure 

additional income for the eri rearer and 

render ericulture more attractive, 

Conclusion 

Thus, it is clear that silkworm serve as 

human food particularly as tribal delicacy, 

which in turn, helps in the socio-economic 

upliftment of the forest dwellers who are 

mostly the poor and tribal people. 

According to van Huis et al. (2013), edible 

insects have always been a part of human 

diets, but in some societies there remains a 

degree of disdain and disgust for their 

consumption. Silkworm offers a vast 

opportunity to merge old traditional 

knowledge and modern science to improve 
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human food security and safety 

worldwide. 
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Wind disaster due to tropical cyclone and 

other different natural calamities are the 

most tremendous natural disaster faced by 

rubber industry. The intensity of cyclone is 

not only the impact factor but also other 

factors like cyclone route; landing 

location; area surface topography and the 

condition of rubber plantation also have 

major roles. The topography has a diverse 

effect on the wind power as the slope and 

the slope position may cause great 

variation in the wind damage. Therefore 

the effect of topography cannot be 

overlooked in case of wind damage of 

rubber plantation as our hilly state Tripura 

has an undulating topography.  According 

to some investigation and research wind 

disaster to different rubber plantations are 

different it may be due to  wind resistance 

of the specific rubber species, its planting 

mode, planting density, shaping and 

pruning etc. like  cyclones mainly damage 

the rubber trees that are shallow rooted. 

The rubber tree may grow to a height of 

about 30 metres and after 7 years it starts 

yielding latex and after this gestation 

period, the trees are ready to tap. Rubber 

deals in different forms and raw material 

such as ribbed smoke sheet, estate brown 

crepe, centrifuged latex and skim crepe are 

also used.  In Tripura people are well 

aware of wind disaster that had caused 

huge economic loss to perennial crop like 

rubber which usually takes place during 

the month from April to July in almost 

every year in the form of cyclones. 
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In April 2014, a total of 1450 houses were 

damaged and a large population was 

displaced from their homes due to the 

cyclone in North Tripura and other parts of 

Tripura. In June 2015, about 200 families 

were displaced from their houses in 

Ambassa sub-division of Dhalai district 

and many trees and electric posts were 

uprooted due to the storm over night. A 

total of 250 houses were totally damaged 

and more than 1000 houses partly 

damaged due to the cyclone and hailstorm 

over night at Lakkhipur village under 

Jirania subdivision of West Tripura 

district, in March 2016. 200 families were 

evicted from their houses from two 

villages — Shabdakarpara and 

Bongshipara and they took shelter in 

government buildings near Jirania.

 

 

 

 

From several reports it is clear that due to 

cyclone damage productive and matured 

rubber plantations are the major victims in 

different districts of Tripura. As it is well 

aware fact that it takes 7-8 years to grow 

rubber trees to be a productive one but 

when the loss occurs the growers can‘t fill 

with new seedlings in the middle of the 

mature rubber plants as new rubber 

seedling will not grow. So, what the 

growers loose is lost from their regular 

return. The growers can‘t utilize the space 

created due to loss of matured trees for 

other purpose as the thick canopy 

surrounding of rubber trees would prevent 

any new species or new rubber seedlings 

to come up which may eventually affect 

the long term economic goal of the farmer. 

Rubber being a long term perennial crop 

which remain productive for a longer 

period (nearly 30 years of economic life) 

and also takes 7-8 years for achieving its 

productive stage. So, when a mature and 

productive rubber tree which is about to be 

used for tapping or already providing 

latex, falls by any wind disaster like 

cyclone then it is a cumulative loss to the 

rubber plantation owner.   

The most effective and popular method of 

protecting the rubber plants from cyclone 

is  through windbreaks of certain tree 

species in North and South direction or in 

the border lines surrounding the whole 

rubber plantation. Windbreak, by hearing 
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the word we can understand that it is 

mainly used to break the wind-flow and 

reduce wind speed. Windbreaks and 

shelterbelts are barriers planted on borders 

of farm plots that help to slow down the 

speed of wind. Usually consisting of trees 

and shrubs, they also may be perennial or 

annual crops, grasses, wooden fences, or 

other materials, which are used to provide 

a protected environment to save the 

plantation from damage by strong wind 

disasters like cyclones etc. And thus, 

windbreaks help for obtaining higher 

yields and also to control erosion and 

protect from blowing snow, provide 

habitat for wildlife and tree products and 

improve landscape aesthetics. 

According to insurance policy in rubber 

board, the board would pay certain amount 

of money for damage on per plant basis 

considering the age of the plantation. 

 

 
 

The coverage for rubber trees of 6-7 years 

is said to be Rs. 625/- per plant. That 

means when a 6-7 years old rubber tree is 

damaged, the grower will get Rs. 625/- 

following certain guidelines.  
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When a grower loose more than 200 

numbers of matured rubber trees he can‘t 

even decide what is to be done to recover 

from the loss. For example, out of total 

650 nos. rubber trees, 200 trees are 

damaged due to cyclone and rest remains 

450 trees; but, in the scenario of dwindling 

income, it is difficult for a farmer to 

restore the growing stock. Moreover, if the 

damage is distributed in the entire 

plantation then growers become helpless to 

take up new plantation and then they have 

to live with economic misery. (Source: 

www.tripurarubber.in) 

In this context windbreaks may be 

beneficial as they cause - 

1. Reduction in soil erosion form 

wind. 

2. Protects plants from wind damages. 

3. Alter microenvironment for 

enhancing plant growth. 

4. Conserves soil moisture. 

5. Provides shelter for structures, 

livestock and recreational areas.  

6. Enhance wildlife habitat by 

providing travel corridors.  

Moreover the plantation owner can plant 

economically important plants like Sal, 

Sagon, Mango, Jackfruit, Broomgrass, 

Nageshwar, Coconut tree etc including 

bamboo also to raise a multipurpose 

Windbreak. As bamboo being a fibrous 

plant it may give protection as a border 

line plantation in the multiline windbreaks 

and as a bi-product bamboos may be 

harvested sustainably for making furniture, 

crafts and also for construction of bamboo 

houses. 
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