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Capacity development is a key enabler to climate 
change adaptation (CCA) planning and implementation 
across a wide range of sectors. CCA is needed at all 
levels- local, regional, state, national and beyond. With 
the establishment of the National Adaptation Fund for 
Climate Change (NAFCC) in 2015 and the initiated 
revision of the State Action Plan on Climate Change 
(SAPCCs) in 2019, the Indian government introduced 
important incentives for the implementation of 
ambitious adaptation measures and projects. However, 
there is still a scope for adaptation projects 
to better address the needs of 
the local population, especially 
vulnerable groups focusing on 
particular climate threat(s) 
and/or sector(s).

In this context, Deutsche 
Gesellschaft für
Internationale 
Zusammenarbeit (GIZ) 
GmbH, as part of
the Indo-German 

development cooperation project titled, “Climate 
Adaptation and Finance in Rural India (CAFRI)” is 
collaborating with the Department of Environment 
Science and Technology (DEST) in Himachal Pradesh 
(HP) and the Directorate of Environment (DoE) in Uttar 
Pradesh (UP). This collaboration focuses on need 
based, gender sensitive  participatory adaptation on 
planning of priority adaptation needs of the identified 
target groups. This would be done through strengthened 
intermediary organizations (community-based and 

self-help groups (SHGs), panchayats, Farmer 
Producer Organizations (FPO) and 

associations), with special 
attention to women's SHG and 

women-FPO and their associations. 
The target groups identified in both 

the states are Mahila Mandals (HP), 
Women SHGs under the Mahila Kisan 

Sashaktikaran Pariyojana (MKSP) 
(UP) and PRI functionaries 
(GPDP - Agriculture, Water 

Resources, Disaster Risk 
Reduction) (UP and HP).

Implemented by
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CLIMATE ADAPTATION AND
FINANCE IN RURAL INDIA
Capacity development at local level for climate action

Rationale for capacity development
at local level
• Localised nature of climate impacts

• Need for locally-appropriate adaptation solutions

• Climate impacts can be effectively addressed by 
engaging local groups and institutions

• Local groups/agencies best suited to create 
long-term adaptive capacities

Drivers Community
Local needs
Champions
Engagement
Capacities

Political
Policy support
Capacities

Administration
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MODULE 1: 
BASICS OF WILDLIFE BEHAVIOUR & 
MEASURES TO AVOID ACCIDENTAL 
ENCOUNTERS WITH WILDLIFE

LEARNING OUTCOMES:

At the end of the module, the participants are able to:

•	 Outline the ecosystem services provided by wildlife in their area
•	 Outline the behaviour of key species-in-conflict in the area
•	 Appreciate the need to conserve wildlife

Exercise 1: 	 What do you know about the behaviour of wild animals in your area, and 
what safety precautions do you advise to your family members/ children 
when they go out?
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1.1 	Why conserve wildlife: Ecosystem services provided by 
wildlife:

‘Biological diversity’ means the variability among living organisms from all sources, 
including, inter alia, terrestrial, marine and other aquatic ecosystems and the 
ecological complexes of which they are part. This includes the diversity within 
species and between species and the diversity of ecosystems.

Biodiversity is fundamental to sustaining ecosystem processes, functions and the 
continued delivery of ecosystem services, which are the foundation of livelihood 
security, health and overall well-being of human societies. 

Conservation of biodiversity, including wildlife, is essential for India, not only 
because the consequences of biodiversity loss and the resulting loss of ecosystem 
services have a far-reaching impact on livelihoods and overall well-being of 
human communities but also to preserve the cultural heritage in areas where co-
existence is the natural way of living.

Wildlife provides a wide range of ecosystem services to human society, including 
supporting, regulating, cultural and provisioning services. The consequences of loss 
of biodiversity and wildlife and the resulting impacts on ecosystem services affect 
the livelihoods and the overall human well-being.

Changes in biodiversity can influence all these functions (e.g., pollination, nutrient 
cycling) and the products arising out of these functions (e.g., food, medicinal plants). 
The concept of ecosystem services is becoming popular as a way to encourage 
discussion about the dependence of people on nature and what this means socially 
and economically.

1.2 Keystone species:

There are two ways to conserve biodiversity: 

(1) 	 by measuring and managing functional biodiversity and 

(2) 	 by using biodiversity surrogates. In an ecological context, 
a ‘surrogate’ is a component of the entire biodiversity 
that one can more easily measure than others that 
is used as an indicator of the greater biodiversity in a 
particular area. Keystone species, umbrella species, 
indicator species and flagship species are examples of 
surrogate species.

A keystone species has a disproportionately large impact 
on its community or ecosystem relative to its abundance. 

The Asian Elephant (Elephas maximus) is an excellent 
example of a keystone species that plays a key role in 
the health and diversity of an ecosystem. Elephants 
push down trees and disperse seeds, thus modifying the 
forest structure. Some tree species are solely dependent 
on elephants for dispersal. Elephants also create paths, 
wallows, salt licks and waterholes in their habitat which 
are then available for other species. All these actions 
then create new niches or enhance the habitat for other 
species. Thereby, their conservation facilitates increased 
biodiversity, its maintenance and conservation.

There is, therefore, a need for a harmonious coexistence 
approach to HWC mitigation. 

‘Harmonious coexistence’ is defined as a dynamic but 
sustainable state in which humans and wildlife adapt to 
living in shared landscapes, with minimum negative impacts 
of human-wildlife interactions on humans or on their 
resources and on the wildlife or habitats. The mitigation 
measures designed using this approach maintain a balance 
between the welfare of animals and humans in which both 
are given equal importance. Overlap in space and resource 
use is managed in a manner that minimises conflict.

A harmonious co-existence approach to HWC mitigation 
entails a systematic and comprehensive assessment of all 
the mitigation plans and mitigation measures in the field 
to ensure that these are effective and, at the same time, 
wildlife-friendly, i.e., a balanced way is developed to reduce 
the conflict, rooted in the philosophy that no measure 
should unnecessarily harm a wild animal. 

Adopting a proactive approach using early warning systems 
and efficient field response teams, and high awareness 
among people sharing the landscape with wild animals 
are some of the strategies that can operationalise the 
harmonious co-existence approach.
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MODULE 2: 
WHAT IS HUMAN-WILDLIFE 
CONFLICT?

2.2 Conceptual framework for HWC mitigation:

HWC is a multi-faceted challenge and thus requires an integrated and holistic 
strategic plan to find ways of mitigation. The conceptual framework on which the 
HWC-NAP is built works under the assumption that systems are never static. In 
fact, systems are evolutionary and can continuously change, adapt and respond 
to inevitable changes and recurring events. This ‘systems thinking’ enables us to 
find the root causes of a problem, rather than only treat its symptoms, and thus 
can be helpful to perceive new opportunities. 

The key drivers of HWC include an increase in the human population and a 
subsequent need for more resources and space, causing habitat fragmentation, 
loss and degradation. This leads to shrinking spaces for wildlife, blockage of 
their movement path and a higher frequency of incidents of wildlife-human 
interactions, with the ultimate result of loss and damage for both humans and 
wildlife.

The primary drivers of HWC are human population growth and growing 
developmental aspirations. This results in secondary drivers, which are 
industrialisation, infrastructure development, urbanisation and increased use of 
natural resources, which require and bring about land-use changes. Where such 
changes cannot keep pace with population growth in providing jobs and also 
where increased automation, mechanisation and higher skill requirements can 
lead to reduced employment opportunities, a large rural population, a significant 
part of which is forest-dependent, can overexploit forest resources. In addition, 
climate change will also act as a primary driver of HWC by inducing unpredictable 
weather cycles and also extreme climate events; counteracting these will require 
additional resources, which could lead to further land-use changes. It could also 
impact wildlife habitat adversely. 

These drivers then exert pressure, which results in the diversion of forest for non-
forest use resulting in loss and fragmentation of habitat and also the creation of 
constriction in a habitat that remains linked by narrow corridors, which may also 
be lost due to degradation, disturbance or further loss of habitat. Construction 
of linear infrastructures through forest areas resulting in the fragmentation of 
habitat and causes disturbance. Linear infrastructure could also facilitate the 
spread of invasive weeds. It can also be widespread mining for resources within 
forests, which results in loss of habitat and severe disturbance to wildlife. 
Increased dependency on forests for resources results in the degradation of 
forests because of unsustainable practices such as grazing, fuelwood removal, 
NTFP collection and also the setting of forest fires to facilitate grazing or NTFP 
collection. If securing natural habitat is seen as a hindrance to wildlife, it can lead 
to reduced appreciation and support for forests and wildlife.

These pressures then create a state or situation where there is an increased 
interface between human-use areas, reduced resources (carrying capacity) for 
wildlife, obstruction and disruption of established and essential movement paths 
of wildlife, and increased disturbance to wildlife. 

Wildlife response to reduced resources results in increased dependence on crops 
and livestock, and in the process, it could lead to property damage or result in loss 
of life or injuries to people. When their daily movement paths or seasonal migration 
paths are blocked or when fragmentation does not allow them to disperse 
for reproductive purposes, they then intrude into human-use areas causing 

2.1 Overview:

To effectively and responsively address the issue of HWC, the Ministry of Environment, Forest and Climate 
Change (MoEF&CC), the Government of India has facilitated, under Indo-German Cooperation, the 
development of the National Human-Wildlife Conflict Mitigation Strategy and Action Plan (HWC-NAP) for 
India and guidelines taking a participatory, integrated and inclusive approach.

Human-wildlife conflict refers to the negative interaction between humans and wild animals, 
leading to adverse impacts such as injury or loss of human lives, crop, livestock and other 
properties, or even their emotional well-being, and equally negative impacts on wild animals and 
or their habitats.

LEARNING OUTCOMES:

At the end of the module, the participants are able to:
•	 illustrate the concept of ‘Human-Wildlife Conflict Mitigation’
•	 analyse different types of Human wildlife conflict
•	 analyse key drivers of human wildlife conflicts in specific situations
•	 describe the holistic approach in context to HWC
•	 appraise the need for applying a holistic approach for HWC mitigation in their area
•	 analyse the key elements of a harmonious co-existence approach in context to HWC
•	 appraise a HWC conflict situation vis-a-vis drivers, prevention measures, and measures to reduce 

the possible impacts on humans and wildlife

LEARNING OUTCOMES:

At the end of the module, the participants are able to:

•	 Outline the ecosystem services provided by wildlife in their area
•	 Outline the behaviour of key species-in-conflict in the area
•	 Appreciate the need to conserve wildlife
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conflict. Such interaction results in 
undermining the economic status of 
families impacted by conflict. Wildlife 
is adversely impacted due to reduced 
habitat (resources) and degradation of 
habitat quality, fragmenting of their 
habitat and disturbances that stress 
them and do not allow complete 
access to remaining resources. The 
consequences of retaliatory actions 
in response to human-wildlife conflict 
can be devastating, resulting in loss 
of life for both humans and animals. 
Additionally, accidents can occur when 
linear infrastructure passes through 
wildlife habitats or when animals enter 
human areas and come into contact 
with hazardous structures such as 
wells, pits, and power lines.

The national, state and division-level 
plans and guidelines (MoEFCC, 2021 a-n) 
use the concept of Drivers-Pressures-
State- Impact-Response (DPSIR) as the 
basic conceptual framework.

2.3 	Holistic Approach to HWC 
mitigation:

Holistic approach in addressing HWC by 
considering the thematic triangle of addressing 
the driver and pressures —taking measures for 
prevention—taking measures to reduce the 
damage: Addressing the drivers and providing a 
conducive policy environment through policy-
making and cross-sectoral cooperation, i.e., 
actions that halt or prevent the creation of new 
HWC situations or the escalation of existing ones; 
effective use of instruments, traditional knowledge 
and modern technology for preventing the incidents 
of conflict, i.e., actions to contain, minimise or 
resolve existing problems; and reduction of the 
impact of HWC on both humans and wildlife, by 
using effective economic, communication and 
cooperation instruments, i.e., actions that deal with 
the impact of any residual or unavoidable conflict 
incidents.

To operationalise a holistic approach for HWC 
mitigation, as envisaged in the National Human-
Wildlife Conflict Mitigation Strategy and Action 
Plan of India (2021–26) (HWC-NAP)1, the following 
six instruments are developed, in selected forest 
divisions in India, leading to the development of 
division-level HWC Management Action Plans 
(HWC-MAPs) aligned with the district and block 
level development plans.

•	 Establishing an early warning and rapid 
response system 

•	 Competencies-based training of the rapid 
response teams 

•	 Awareness and communication measures for 
people to reduce accidental encounters with 
wildlife 

•	 Reducing the vulnerability of people, especially 
farmers and women, by facilitating them in 
alternate crops, crop guarding methods 

•	 Cross-sector cooperation by bringing together 
relevant departments and agencies for joint 
training and knowledge sharing for operations

•	 Landscape-level planning for mitigation 
measures to avoid shifting problems from one 
place to another

1	 National HWC Mitigation Strategy and Action Plan of India 
(2021–26), available from https://moef.gov.in/wp-content/
uploads/2022/01/National-Human-Wildlife-Conflict-Mitigation-
Strategy-and-Action-Plan-of-India-2.pdf

Infrastructure

Cooperation partners
Finance

Alignment 
between 
national, state 
and local level

Capacity development 
of people, 
organizations

Human Population increase
Changing Lifestyle and economic 

aspirations
Reduced appreciation of wildlife

Climate Change, Disasters 
Land use change

Policies in linear infrastructure, mining, 
urban development 

Habitat fragmentation, loss & degradation

Crop loss
Livestock loss

Property damage
Human life and well-being

Retaliation due to less 
appreciation

Wildlife health
Human Health

Carrying capacity and quality of natural 
habitats

Wildlife population in human dominated 
landscapes

Number of incidents of HWC
Effectiveness of Mitigation measures

People’s perceptions

Corridor blockage
Decreased habitat space and quality
Increased frequency of wild animals 

moving out in human dominated 
landscapes

Invasive species and waste issues
Increased pressure on natural habitats 

for livelihood dependence

Systems thinking: Conceptual Framework for HWC Mitigation in India*

Drivers Pressures State Impacts

Response

Leads to create generates

Indicate the need for response

Monitoring the StateReducing the pressuresAddressing the drivers
Reducing the vulnerability of people and 
wildlife to negative impacts

Policy response

Institutional Capacity development

Local Action

*Khera, 2019
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2.4 Harmonious Co-existence 
Approach to HWC 
mitigation:

Harmonious co-existence 
approach: Both humans and 
wildlife should be protected from 
conflicts while maintaining the 
balance between the needs of 
humans and the conservation 
of nature. All efforts should be 
made to ensure that the site-
specific mitigation measures are 
developed, assessed, customised, 
implemented and evaluated on 
the basis of effectiveness and 
wildlife-friendliness.

MODULE 3: 
MEASURES TO 
AVOID ACCIDENTAL 
ENCOUNTERS WITH 
WILDLIFE

3.1 Overview- the behaviour of key species-in-
conflict and safety measures required to avoid 
accidental encounters with wildlife

The National Human-Wildlife Conflict Mitigation Strategy and Action 
Plan for India (HWC-NAP) defines Human-wildlife conflict as follows:

HWC refers to the negative interaction between humans and wild 
animals, leading to adverse impacts such as injury or loss of human 
lives, crop, livestock and other properties, or even their emotional 
well-being, and equally negative impacts on wild animals and or 
their habitats.

One of the key measures to reduce the 
incidents of conflict is to minimise 
accidental encounters with wild animals. 

The following sections provide an insight 
into the ecology and wildlife behaviour 
of key wildlife species-in-conflict – 
elephant, leopard, wild pig, tiger, crocodile, 
macaque, bear, blackbuck, snakes, gaur, 
blue bull, and an indicative list of measures 
to avoid accidental encounters with these species.

LEARNING OUTCOMES:

At the end of the module, the participants are able to:
•	 Demonstrate required safety measures to avoid accidental 

encounters with wildlife
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3.2 Behaviour of key species in conflict and safety measures required to avoid 
accidental encounters with wildlife: Hindi
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3.3 Behaviour of key species in conflict and safety measures required to 
avoid accidental encounters with wildlife: English

Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

26 27



Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

28 29



Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

30 31



Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

32 33



Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

34 35



Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

36 37



Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

38 39



Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

Implemented by

Ministry of Environment,
Forest and Climate Change

Government of India

40 41



3.4 	Behaviour of key species in conflict and safety measures required to avoid 
accidental encounters with wildlife: Bengali
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3.5 Behaviour of key species in conflict and safety measures required to 
avoid accidental encounters with wildlife: Kannada
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MODULE 4: 
MITIGATING HUMAN-WILDLIFE 
CONFLICT EFFECTIVELY

LEARNING OUTCOMES:

At the end of the module, the participants are able to:

•	 Outline the concepts of HWC in the overall 
landscape and land-use context

•	 Illustrate the drivers of conflict and the responses 
of people and wildlife in a conflict situation

•	 Illustrate the legal, economic, and social 
implications of HWC

•	 Illustrate, with examples, the concept of effective 
and wildlife-friendly mitigation measures

•	 Prioritise HWC mitigation measures for their area

•	 Outline the management and maintenance 
regime of mitigation measures prioritised by 
them

National Human-Wildlife Conflict Mitigation 
Strategy and Action Plan (HWC-NAP): To 
effectively and responsively address the 
issue of HWC, the Ministry of Environment, 
Forest and Climate Change (MoEF&CC), 
the Government of India has developed the 
HWC-NAP for India, taking a participatory, 
integrated and inclusive approach. HWC-
NAP is a guiding document facilitating a 
holistic approach to mitigating human-
wildlife conflict (HWC) in an inclusive and 
sustainable manner and is supported by four 
supplementary frameworks.

Advisories and Guidelines: The advisory on Human-Wildlife Conflict issued by MoEFCC (Feb 2020) have a clear 
policy direction and actions significant for HWC mitigation, taking a participatory approach and focussing 
on inter-agency coordination at the district level. The guidelines aim to facilitate a common understanding 
among key stakeholders on what constitutes effective and efficient mitigation of the specific species in 
India, leading to co-existence and ensuring standardisation in performing mitigation operations in the most 
effective and efficient manner, with minimum damage to humans and animals. 
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State-level HWC Mitigation Strategy and 
Action Plans (HWC-SAP)

Each state is in the process of developing a state-level 
strategy and action plan. HWC-SAPs are to build on 
the existing mitigation policies and plans of the state 
government. Each HWC-SAP is to take into consideration 
the ongoing programmes and schemes being implemented 
within that state, HWC-NAP, and provisions in the species-
specific guidelines. HWC-SAP will be able to achieve its 
purpose only when it is integrated into the state-level 
planning process. 

Division-level HWC Management Action 
Plan (HWC-MAP)

To operationalise the holistic and participatory approach, 
and to integrate the processes and protocols of the National 
HWC Mitigation Strategy and Action Plan, HWC-SAP and 
species-specific Guidelines, an anchoring plan – HWC 
Management Action Plan (HWC-MAP) – is developed at 
each forest division level. 

Since most of the large wildlife species-in-conflict uses 
large areas at the landscape level, the plans must take into 
consideration factors related to the conflict at the landscape 
level. The HWC-MAP also provides anchoring points and 
instruments for cooperative planning and implementation 
between several forest divisions within the same landscape 
and also with other line departments and agencies at the 
district level. An emergency response plan also facilitates 
a common plan between departments and agencies, and 
a District-level Coordination Committee (DLCC) facilitates 
inter-agency coordination.

Exercise 2: 	 What more needs to be done in your landscape? What do you think forest 
department should be doing? What do you think you, as Panchayat/Community 
PRT, should be doing?
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MODULE 5: 
PREVENTING ZOONOTIC AND 
OTHER EMERGING DISEASES: 
TAKING A ONE HEALTH APPROACH 
TO HWC MITIGATION ADOPTING 
HWC-SAFE LIVELIHOODS FOR 
REDUCING THE VULNERABILITY TO 
HUMAN-WILDLIFE CONFLICTS 

LEARNING OUTCOMES:

At the end of the module, the participants are able to:

•	 outline different human-animal-wildlife interface 
scenarios that can lead to zoonotic and other 
emerging diseases 

•	 outline the concept and approach of One Health 

•	 demonstrate the basic measures to prevent 
zoonotic and other emerging diseases in their 
day-to-day operations

•	 Be open to supporting the joint cross-sector 
and inter-agency teams in implementing field 
measures required for operationalising the One 
Health approach for HWC mitigation

5.1 What is a zoonotic disease?

A zoonosis (zoonotic disease or zoonoses -plural) is an infectious disease that is transmitted between 
species from animals to humans (or from humans to animals). Zoonotic diseases range from minor short-
term illnesses to a major life-changing illnesses. Certain ones can even cause death.

5.2 Types of zoonotic diseases 

The types of zoonosis include those caused by:

•	 a virus

•	 bacteria

•	 fungus

•	 parasites

Zoonotic diseases spread by mosquitos and ticks are some of the most serious of these diseases.

80 81



5.3 What is the relevance of zoonosis: 

1.	 Zoonotic pathogens can be bacterial, viral or parasitic and can spread to humans by direct contact with 
domestic, agricultural or wild animals or through food and water. They can cause many different types of 
illness in people ranging from mild to serious and even death.

2.	 Some of the most dangerous zoonotic diseases include COVID-19 and avian flu, salmonellosis and the 
Ebola virus.

3.	 Some do not make the animal sick but will sicken a human.

4.	 Zoonotic diseases range from minor short-term illnesses to major life-changing illnesses; certain ones 
can even cause death.

5.	 The seriousness and outlook of zoonotic diseases vary depending on the type of disease one has. Many 
are treatable, while others can cause serious long-term and even lifelong and fatal conditions. So, it’s 
important that you check with your doctor or a medical professional as soon as you think you might 
have a zoonotic disease. It’s also an important reason to practice prevention around any animals, wild or 
domestic.

5.4 Examples of zoonotic diseases

5.5 What factors are increasing zoonoses emergence?

5.6 How are they transmitted? 

Zoonoses can be transmitted in various ways:

•	 through the air

•	 by eating contaminated meat or produce

•	 through close contact with an infected animal

•	 by touching an area or surface that an infected animal touched

•	 through insect bites like mosquitos or ticks

5.7 Human-animal-wildlife interface scenarios that can lead to zoonotic and 
other emerging diseases 

Indicative situations where the risk of zoonotic and other emerging diseases is high include: 

•	 people and domestic animals entering or living in wildlife habitats; 

•	 increasing tourism in protected areas; 

•	 wildlife entering human-use areas; 

•	 ex-situ conservation areas; 

•	 interaction of mahouts and assistants with Kumkis, and snake rescue operations; 

•	 HWC mitigation measures such as animal capture and translocation, treatment of injured animals, post-
mortem, etc.; 

•	 specific sites such as HWC hotspots: water holes in forest landscapes, livestock pens in the fringes of 
forested areas, etc.
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So far, measures to address the above are being implemented by wildlife, veterinary and public health sector 
in their respective work programme and using their separate channels, with the exception of wildlife and 
veterinary sectors working together for protected areas. To effectively operationalise a One Health approach, 
a coordinated effort of wildlife, veterinary and public health is required at the local level, bringing together field 
teams from these sectors with overarching cooperation with the rural development department, embedded 
at the district authorities at the district level, at the state level and at the national level.

One Health is a collaborative, multi-sectoral, and trans-disciplinary approach—working 
at the local, regional, national and global levels—with the goal of achieving optimal 

health outcomes, recognising the interconnection between people, animals, plants and 
their shared environment.

5.8 	Preventive measures 

Dos Don’ts

Wash hands with soap and water before and 
after animal handling.

Eat or drink in the animal housing areas. 

Wear coveralls, farm-specific clothing, or 
laboratory coats when handling animals.

handling sick animals or animals with lesions 
without gloves

Wear a mask if you are allergic to animal hair or 
dander or if feed or bedding dust is present.

Not Informing the physician of your animal-
related activities.

If you are sick, DO NOT enter the agricultural 
animal facilities. 

Keeping animals in dingy, dirty rooms without 
ventilation 

Routinely wear gloves when cleaning animal 
area

Kiss, snuggle or hold pets close to your mouth 

Report sick or dead animals.
Allowing pets to come in close contact with 
rodents from outside the house 

Always wash your hands with soap and water 
after handling any animal. 

MODULE 6: 
ADOPTING HWC-SAFE LIVELIHOODS 
FOR REDUCING THE VULNERABILITY 
TO HUMAN-WILDLIFE CONFLICTS  

6.1 Risks from HWC to existing crops and cropping patterns, 
and other livelihood options

Risks associated with wild animals Existing crops/resources

Risk of crop damage and trampled plants by 

elephant, wild boar, deer, monkey, porcupine, etc.

Paddy, maize, sugarcane

Risks with faecal matter- Contamination with 

animal excreta- Zoonotic food-borne diseases

fruits, vegetables, leafy greens, 

standing water

6.2 Overall measures to reduce crop losses:
•	 Crop damage due to wild animals has already been brought under the  

Pradhan Mantri Fasal Bima Yojna (PMFBY) as an additional risk cover. Efforts are 
being made to bring it under the main list of the scheme.

•	 Use crop varieties that are not palatable to major herbivore species-in-conflict, 
working on cropping patterns, value chain studies

•	 Innovative designs of barriers (solar fence, hanging fence, rail barricade, bio-fence)

•	 Innovative deterrents—use of bees, drone sounds 

•	 Use of local and indigenous deterrents that are wildlife-friendly and enhancing 
their effectiveness through research

LEARNING OUTCOMES:

At the end of the module, the participants are able to:

•	 Outline the concepts of HWC in the overall landscape and land-use context

•	 Outline the risks from HWC to existing crops and cropping patterns and other livelihood 
options

•	 Illustrate the concept of HWC-safe livelihoods

•	 Outline good practices and success stories on HWC-safe livelihoods from their areas

•	 Prioritise crops and other livelihood options that are HWC-safe

•	 Identify concrete gaps and challenges in adopting new crops/ livelihood options

•	 Outline training and other capacity development needs required for adopting HWC-
safe livelihoods

•	 Outline infrastructure and other support required for adopting HWC-safe livelihoods  
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6.3 Potential alternative crops to reduce crop losses due to HWC:

Lemongrass
Botanical name: Cymbopogan flexuosus and C. citratus

Uses

In India, lemongrass oil is primarily used for the 
isolation of citral, which is used in the production 
of Vitamin-A. Citral is the starting material for the 
manufacture of ionones and is also used in cosmetics 
and perfumes. It is also used in confectionery, 
culinary purposes, drugs, flavouring agents, insect 
repellents and liquors. A small amount of oil is used, 
such as, in soaps and detergents, as it has anti-
bacterial properties. The spent lemongrass is suitable 
for making paper. It is also used as fuel for the 
distillation of the grass. It is an excellent source of 
manure. It is applied either after composting or in the 
form of ash by burning. It may be used for mulching 
in coffee. It is a good crop for checking soil erosion. 
Bio-fencing with lemongrass is done to prevent the 
entry of elephants because elephants do not like the 
smell of lemongrass.

Soil

Lemon grass can grow well over medium fertile soils 
and moderate irrigation. Well-drained sandy loam is 
most suitable for the growth of the plant. It can be 
grown on a variety of soils ranging from loam to poor 
laterite. Calcareous and water-logged soils should be 
avoided as they are unsuitable for cultivation.

Climate

The crop grows well in both tropical and subtropical 
climates at an elevation up to 900 m above mean 
sea level. However, ideal conditions for growing 
lemongrass are a warm, humid climate with sufficient 
sunshine and 250-300 cm rainfall per annum, evenly 
distributed over most parts of the year. A temperature 
ranging from 10-300 C and good sunshine throughout 
the year is conducive for high crop yield. Lemon grass 
can also be grown in semi-arid regions receiving low 
to moderate rainfall. 

Geographical distribution

The crop is grown in a 3000 ha area in India, largely 
in the states of Kerala, Karnataka, Uttar Pradesh and 
Assam, and the annual production ranges between 
300-350 MT. C. flexuosus is grown commercially.

Varieties

OD-19, OD-408, RRL-39, Pragathi, Praman, CKP-25, 
Krishna and Cauvery are popularly cultivated. The two 
improved varieties, viz., OD-19 and SD-68, are now 
recommended for wide cultivation. In North India, 
Jammu lemongrass (C. pendulus) is cultivated under 
irrigated conditions as a source of citral. The variety 
CKP25 yields 50% more oil yield than RRL-16 and 
140% more oil yield than OD-19.

Propagation and planting

It can be propagated by slips. For better quality and 
oil yield, it is recommended to grow lemongrass by 
slips obtained by dividing well-grown clumps. Tops 
of clumps are cut off within 20-25 cm of the root. 
The latter is divided into slips, and the lower brown 
sheath is removed to expose young roots. About 
55600 slips can be planted at a spacing of 60 cm x 
30 cm in ridges. Also, 60 cm x 45 cm spacing can also 
be planted to adopt 37000 slips/ha.   It can also be 
propagated through seeds at 4 kg/ha. Seedlings are 
to be raised and transplanted during June – July or 
October – November.

Manures and fertilisers

It is recommended to apply 30 kg nitrogen (N), 30 kg 
phosphorus (P

2
O

5
) and 30 kg potassium (K

2
O) per ha 

as a basal dose at the time of planting. The remaining 
60 kg N can be applied as top-dressing in three split 
doses during the growing season. In soils having 
low fertility levels, the dose of nitrogen should be 
increased. Under North-East conditions, application 
of N: P

2
O

5
: K

2
O @ 60:50:35 kg ha-1 is recommended.

Irrigation 

Lemongrass has a high water requirement, and 
frequent irrigations are essential for getting optimum 
yield in those areas where rainfall is restricted only 
to the monsoon. In northern India, 4-5 irrigations are 
required during February-June. As the plant cannot 
withstand any amount of water logging, planting 
on ridges or open hill slopes is recommended. The 
crop responds to irrigation, especially during the hot 
summer months.

Weed control 

Weeding and hoeing are very important as they affect 
the yield and quality of oil. Generally, 2-3 weedings 
are necessary during the year. In row-planted crops, 
weeding can be done by using a tractor-drawn 
cultivator or hand hoe. Distillation waste of this crop 
is applied as organic mulch @ 3 t ha-1 for controlling 
weeds. Among herbicides, Diuron @ 1.5 kg a.i. ha-1 
and Oxyfluorfen @ 0.5 kg a.i. ha-1 is effective for weed 
control. Lemongrass is a weed-smothering crop; 
thus, after crop establishment, weeds are inhibited.

Pests 

In general, pests and diseases may not affect the plant. 
If there is any sucking pest, spray Methyl Demeton 25 
EC or Dimethoate 30 EC 1 ml l-1. For caterpillars, spray 
Phosalone 35 EC or Monocrotophos 36 EC 2 ml l-1. For 
nematodes, soil application of Fenamiphos @ 11.2 kg 
ha-1 is recommended.

Diseases

For control of long smut, red leaf spot, leaf blight, 
rust and little leaf diseases, three sprays of Dithane 
Z-78 (0.2%) just before flowering at an interval of 10-
12 days is recommended. 

Harvest

The time of harvesting affects the yield and quality 
of the oil. The first harvest is generally obtained after 
4 to 6 months of transplanting and thereafter at 50-
60 days intervals. Cut the bush by leaving 10-15 cm 
above the ground level. Under normal conditions, 
2-3 harvests are possible during the first years and 
3-4 in subsequent years. Oil is extracted by steam 
distillation method.

Yield 
Herbage: 25-30 t ha-1 year-1

Oil: First year: 25 kg ha-1

Second year onwards: 80-100 kg ha-1

Source: National Horticulture Board

  

Fig. 1. Lemongrass cultivation                                                          Fig. 2. Propagation by slips
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Citronella
Botanical name: Java citronella - Cymbopogon winterianus
		        Ceylon citronella - Cymbopogon nardus

Uses

Java citronella is used extensively as a source of 
imported perfumery chemicals like citronellal, 
citronellol and geraniol, which finds use in soap, 
toiletries, mosquito repellents, perfumery, cosmetic 
and flavouring industries throughout the world. 
Java citronella oil has higher alcohol content (90-
95%) than the Ceylon type (60-71%). The greatest 
importance of citronellal lies in its role as a starting 
material for further derivatives. For soap perfumes, 
a slightly rougher grade is used. High grade is used in 
flavour compositions. 

Geographical distribution

At present, the world production of citronella oil 
is 2000-2500 MT, the bulk of which is produced 
in Taiwan, Guatemala, Honduras, Malaysia and 
Brazil, whereas India produces about 120 MT of oil 
annually. The important states in India cultivating 
the crop are Assam, Gujarat, Jammu & Kashmir, 
Karnataka, Maharashtra, Tamil Nadu, West Bengal and 
Uttar Pradesh.

Soil 

The most suitable soils for cultivation are sandy loam 
soils with abundant organic matter. Heavy clay soils 
and sandy soils do not support good growth of the 
plant. The plant has been found to grow well under a 
pH range of 5.8-6.0. 

Climate 

Citronella thrives well under the tropical and 
subtropical conditions. It requires abundant moisture 
and sunshine for good growth. A good rainfall of about 
2000-2500 mm well spread over the year and high 
atmospheric humidity appear to influence the growth 
of the plant, yield and quality of the oil favourably.

Varieties

Varieties Description

Mandakini The yield of herb (35 t ha-1) and oil 
(118 kg ha-1) is a little less. Suitable 
for hills and Tarai tracts of the 
Himalayas.

Manjusha The herbage yield is 43 t ha-1 
and 150 kg ha-1 of oil per annum. 
Suitable for Indo-Gangetic plains.

Manjiri It has been found to possess 50-
90% more oil, high cirtonellol and 
low elemol content. It has profuse 
tillering and rapid growing ability, 
thus producing high herb yields. 

CIMAP Bio-
13, Java-2, 
Jorhat-2

High-yielding varieties for 
southern and eastern India 
released by CIMAP.

Propagation 

Propagation is done vegetatively by slips. The slips are 
taken from healthy, vigorously growing young bushes. 
The clump is gently separated into a number of slips, 
and each slip contains 1-3 tillers. The fibrous roots 
and leaves should be trimmed off the slips before 
planting. It is observed that a one-year-old clump 
yields an average of about 50 slips.

Planting 

The slips are planted during May-June. Late planting, 
particularly after July, sometimes results in heavy 
casualties. The land is brought to a fine tilth by 
ploughing and harrowing, and the field is laid out in 6 
m x 6 m size beds, providing irrigation channels. The 
slips are planted in the ridge and furrow method to 
avoid waterlogging at a spacing of 60 cm x 60 cm. 
Also, 90 cm x 90 cm may be followed where the soil is 
very fertile. The slips should be planted immediately 
after separation from the main plants, as delayed 
planting dries up the slips. The field should be irrigated 
immediately after planting if there are no rains within 
the next 24 hours.

Manure & fertilizer

The crop generally requires a high dose of nitrogen 
for good growth. The recommended dose of N: P

2
O

5
: 

K
2
O is 80-120:80:40 kg ha-1 year-1. It is beneficial to 

apply N in four equally split doses, the first about a 
month after planting and then after each harvest. 
The Central Institute for Medicinal and Aromatic 
Plants (CIMAP), Lucknow, has recommended a spray 
of 0.5% Fe through ferrous sulphate + citric acid to 
check the spread of chlorosis.

Irrigation 

The crop requires sufficient moisture for good growth 
and yield of the leaves. In areas where annual rainfall 
is about 200-250 cm, well distributed over the year, 
and the humidity is high, supplemental irrigation is 
not necessary. In drier months, however, irrigation 
is provided twice a week during the first month 
of planting and thereafter once in 5 days. Under 
Karnataka conditions, about 8-10 irrigations are 
required in the dry period.

Weed control

The citronella plantations should be kept weed free 
in the initial growing stages by running cultivators 
in between the rows. In the later stages, the crop 
smothers the soil surface and reduces weed growth.

Pests 

Termites, mites and thrips are minor pests occurring 
in the crop. Termites are controlled by spraying 
chlorpyriphos termite control formulation (TC) at the 
rate of 5 ml/litre of water or 25 kg ha-1 Aldrin to the 
soil at the time of planting. Thrips and Mites can be 
controlled by spraying Ethion 1 ml l-1 of water. 

Diseases 

Leaf blight can be controlled by spraying Dithane 
M-45 or Dithane Z-78 @ 20g per 10 litres of water at 
an interval of 10-15 days during the growing period. 

Harvest

Harvesting is done by a sharp sickle at about 20-45 
cm above the ground. Under favourable conditions, up 
to four harvests can be obtained in a year. The leaves 
are ready for the first harvest, about six months after 
planting. The second and subsequent harvests can 
be taken thereafter at 2.5-3 months intervals. While 
harvesting, only the leaf blade should be cut, and the 
sheath should be left, as it contains poor-quality oil. 
The Java citronella plantations remain productive for 
5-6 years, but the yield of leaves and oil is highest 
during the second and third years, after which 
it starts decreasing. It is recommended that the 
plantation should be uprooted after 3-4 years and 
rotated with some small legume species. Horsegram 
is a very good rotational crop in the south; cowpea or 
sun hemp (Crotalaria sp.) is recommended for North 
Indian plains. 

Yield

On average, the oil content is about 1% on the basis 
of the fresh weight of the leaves. Depending upon the 
nature of growth, the yield of fresh leaves is about 
15-20 t ha-1 in the first year and 20-25 t ha-1 in the 
second and third years. The yield of oil obtained 
during the first year is about 100-150 kg ha-1 and 
in subsequent years, about 200-250 kg ha-1 can be 
obtained.

Source: National Horticulture Board

Fig. 1. Citronella plantation 			                Fig.2. Propagation by slips
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Chilli 
Botanical name: Capsicum annum L.

should be split into three equal doses. If N is applied 
at more than 100 kg ha-1 it should be split into 2-3 
doses. Azospirillum  is the most effective, and it 
can be applied either as a seed treatment, seedling 
treatment and direct application through the soil. 

Irrigation

During the first month of transplanting, light irrigation 
is required. In summer, irrigation on alternate days 
is essential in light soils. Gap filling is done during 
the second irrigation—10 days after transplanting. 
Spraying of anti-transpirants is advocated in arid and 
semi-arid areas to prevent water loss from plant the 
surface.

Weed control 

Mulching helps conserve moisture and nutrients 
and prevents weed growth. Earthing up should be 
done 30 days after transplanting. Manual weeding 
is a common practice for controlling weeds in chilli. 
Spraying of Tok E-25 @ 2 l ha-1 followed by one-hand 
weeding helps check weed growth to a considerable 
extent.

Plant protection 

Pest/Disease Control measures

Thrips Spraying Dimethoate or 
Monocrotophos @ 1 ml l-1 of water 
at 15 days interval

Aphids

Damping off The seedbed should be treated 
with formalin before sowing seeds, 
and the seed should be treated 
with Ceresan or Agrosan GN @ 2-3 
g kg-1 of seeds before sowing.

Anthracnose or 
Fruit rot

Spraying Mancozeb @ 2.5 g l-1 and 
seed treatment with Ceresan @ 
2-3 g kg-1 of seeds before sowing.

Leaf curl Spraying Rogor @ l ml l-1 to control 
the insect vector and uprooting 
infected plants 

Frog eye leaf 
spot

Spraying with Bavistin 0.1% 5-6 
times at fortnightly intervals

Powdery 
mildew

Spraying with karathane (0.1%) 
at 10-day intervals 3-4 times or 
aureofungin 50 ppm or Dinocap 
0.05% or wettable sulphur 0.3% 
sprayed thrice at fortnightly 
intervals 

Harvest

Flowering begins 1-2 months after transplanting, 
taking another month for green fruits. Chilli for 
vegetable purposes is generally harvested at the 
fully grown green stage, whereas, for dried chilli, at 
the red and ripe stage. For pickles, chilli can be picked 
either at the green or ripe stage. The ripe fruits are 
ready for picking at 1-2 week intervals after the first 
harvest. The harvesting continues over a period of 
three months depending on cultivar, season and 
cultural practices. Since dried chilli is an export-
earning commodity, its timely harvesting, curing and 
proper grading are very important. The ripe chillies 
are generally dried under the sun for a period of 8-15 
days. Commercially it is dried at about 54.5˚C for 2-3 
days.

Yield

Dry chilli: 2-2.5 t ha-1

Green chilli: 7.5-10 t ha-1 

About 100 kg of fresh ripe fruits yields 25-40 kg dry 
chilli depending upon cultivars and thickness of the 
inner walls.

Source: Karnataka State Spice Development Board

Fig. 1. Samba types    

Fig. 2. Gundu types

Uses

Chilli is one of the most valuable crops grown in the 
North Eastern region. It is used as a vegetable, spice, 
condiment, sauce and pickle. Chillies are good sources 
of vitamins A and C. The chief use of chillies throughout 
the world is as a spice on account of their pungency 
and pleasant flavour. It is also used in cosmetics like 
prickly heat powders and skin ointments. It is used as a 
carminative, tonic and a stimulant. Oleoresin, known as 
oleoresin capsicum, is used in pain balms, vapours, etc. 

Geographical distribution

India is a major producer, exporter and consumer of 
chilli. Andhra Pradesh has been the largest chilli-growing 
state, followed by Karnataka and Maharashtra. The 
productivity of chilli is the highest in Andhra Pradesh, 
followed by Arunachal Pradesh and Punjab. 

Soil

A well-drained, well-aerated, fairly light fertile loam with 
a fair moisture holding capacity is ideal. Chilli crop prefers 
a soil reaction ranging from a pH of 6.5-7.5. Strongly acid 
soils and alkaline soils are not suitable for chilli growing.

Climate 

Chilli is a plant of tropical and subtropical regions. 
It grows well in warm and humid climates and at a 
temperature of 20-30˚C. As a rainfed crop, it is grown in 
areas receiving an annual rainfall of 75-100 cm. 

Varieties

The two main types of chillies are Samba and Gundu 
types

Samba types: CO-2, CH-1, G3, Hissar Vijay, Hissar 
Shakti, NP 46A, Musalwadi, Sindhur (fruits are long and 
less pungent).

Gundu types: Aparna, Arka Lohit, Bhagyalakshmi, CO-1, 
CO-3, Jawahar 218, Jwala Muskhi, Jwala Sakhi, Pant C1, 
Pant C2, PKM-1, Pusa Sadabahar, Ujjwala, Punjab Lal 
(fruits are short, round in shape and more pungent), 
Gandhara, etc.

Seed rate: 1 to 1.5 kg ha-1 

Raising seedlings 

Chilli is a transplanted crop. Seeds are sown in 
nurseries with raised seed beds of 90 to 100 cm width 
and of convenient length in partially shaded areas 
into which well-decomposed organic matter has been 
incorporated. The seeds are treated with 2.5 g Bavistin 
to prevent the incidence of seed-borne diseases and 
sown thinly in lines spaced 5 cm apart. After sowing 
the seeds, sand and well-decomposed compost is 
sprinkled over the seeds and mulched with green 
leaves. Irrigate with a rose-can daily in the morning. 
Remove the mulch immediately after the germination 
of the seeds. Drenching with copper oxychloride 
at fortnightly intervals keeps damping-off under 
control. On the 20th day of sowing, 300 g of Furadon 
3 G granules have to be applied in between seedling 
lines across the bed and stirred with the soil. A foliar 
spray of 1% urea is helpful for inducing quick growth. 
The seeds germinate in 6-10 days. Restrict irrigation 
one week before transplanting and irrigate heavily on 
the previous day of transplanting. Portray seedlings 
can also be used.

Time of planting 

As a commercial crop, chilli is mainly grown in summer 
and winter, and the seeds are sown in the nursery 
beds accordingly, viz. summer crop: January-February 
and winter crop: July- August.

Land preparation and transplanting 

The main field should be ploughed 3-4 times to 
get a fine tilth. Farmyard manure @ 25-30 t ha-1 is 
incorporated during the last ploughing. For irrigated 
crops during the summer season, ridges and furrows 
are made at the recommended spacing of 45 cm x 45 
cm. Shade should be given during the summer season 
for one week period. Seedlings become ready for 
transplanting at 40-45 days after sowing.

Manure and Fertilizer

A fertiliser dose of NPK @ 100:60:60 kg ha-1 is applied 
under rainfed conditions, where a full dose of P and 
K and half of N should be applied two weeks after 
planting, and the remaining N is top-dressed one 
month after the first application. In irrigated areas, N 
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Lemon
Scientific name: Citrus limon L.
Common name: Nimbu

Plant protection

Pests/Diseases Control measures

Citrus psylla Spraying of Monocrotophos-0.025% 
or carbaryl- 0.1%

Leaf miner Spraying Dimethoate 30 EC @ 2 ml 
l-1

Scale insect Spraying of Malathion @ 0.1%

Citrus Canker one spray of copper oxychloride 
(COC) 0.3% is done, followed by 4 
sprayings with Streptocyclin 100 
ppm + COC 1.5 kg ha-1 at monthly 
intervals

Tristeza Remove the infected trees and 
destroy them.  Spray Methyl 
demeton 25 EC @ 1 ml l-1 to control 
the aphids which spread the disease

Gummosis Drench the soil with 0.2% metalaxyl 
MZ-72 + 0.5% Trichoderma viride

Lemon scab Copper spray mixed with white oil 
should be sprayed on the foliage.

Harvest and Yield

The flowering of lemons is continuous throughout 
the year. After the second year of planting, the plants 
start bearing. Harvesting should be done when fruits 
become fully matured. The peak period of bearing is 
July to September. The yield is about 500 fruits-1 tree-1 
year-1.

Source: ICAR-KVK Knowledge Network

Soil

Loamy soil with uniform texture up to a depth of 3 m 
is ideal for cultivation. Avoid waterlogged conditions.

Climate

Lemon grows well in the temperature range of 20-
25°C with an annual rainfall of 75-200 cm. Excessive 
heat during flowering and fruit set causes fruit drop 
and sunburning.

Land preparation

Land should be ploughed, cross-ploughed and levelled 
properly. Planting is done on terraces against slopes 
in hilly areas. High-density planting is also possible in 
such areas.

Varieties

Punjab Baramasi, Eureka, Punjab Galgal, PAU Baramasi, 
PAU Baramasi-1, Rasraj, Lisbon lemon, Lucknow 
seedless, Pant Lemon and many more are available. 

Propagation

It is done through stem cutting, leaf-bud cuttings 
and air layering in the month of March-April. Stem 
cuttings may be raised in polyethene bags under 
partial shade as the best nursery technique.

Planting

Before monsoon, pits of 0.5 m x 0.5 m size with a 
spacing of 5 m x 5 m are prepared and refilled with the 
soil-manure mixture (1:1) and then allowed to settle. 
The time of planting is May to August.

Pruning and Training

In the nursery stage, pruning should begin soon 
after the seedlings start sprouting. After planting 
in the main field, up to 50-60 cm from the ground 
level, all side branches should be removed, keeping 
only a single main trunk. Training is done to develop 
mechanically strong trees with well-spaced scaffold 
limbs before the onset of fruit setting. During winter, 
when the bearing of the tree is low, the branches 

touching the ground should be cut close to the 
laterals without leaving any stub. All diseased, injured, 
cris-cross branches and water sprouts should be 
removed.

Manure and Fertilizer

Apply a whole amount of cow dung during December 
month, whereas apply Urea in two parts; apply the 
first dose of Urea in February and the second dose 
in April-May month. At the time of applying the first 
dose of Urea, apply the whole dose of SSP fertiliser. 
To control excessive fruit drop, spraying of 2,4-D @ 
10gm in 500 litres of water is done. Take the first 
spray at the March end, then at April end. Repeat the 
spray in August and September end.

Age of 
crop
(Year)

Well-de-
composed 
cow dung 
(kg tree-1)

Urea
(g 
tree-1)

DAP
(g 
tree-1)

MOP
(g 
tree-1)

1-3 5-20
100-
300

35-140 25-75

4-6 25-50
400-
500

140-
200

75-150

7-9 60-90
600-
800

200-
300

150-
225

10 & 
above

100
800-
1600

300-
350

225-
250

Irrigation

Lemon requires irrigation at regular intervals. 
Lifesaving irrigation should be given in winter and 
summer. Proper irrigation is vital during the stages of 
flowering and fruiting. Over-irrigation may also lead to 
diseases like root rot and collar rot. High-frequency 
irrigation is beneficial. Salty water is injurious to crop 
plants. Partial drying out of the soil in spring may not 
affect plants. 

Weed control

Weeds can be controlled by hand-hoeing and also 
chemically by using glyphosate @ 9-10 ml l-1 of water. 
Use glyphosate only on weeds and not on crop plants.

   

Fig. 1. Peak bearing of lemon                                                              Fig. 2. Lemon orchard
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Jute
Botanical name: Corchorus capsularis (White jute)

		       Corchorus olitorius (Tossa jute)

waterlogging. At germination and knee-high stages, 
adequate soil moisture must be ensured by irrigation. 

Weed control

Jute crop suffers from heavy weed infestation in 
the initial 6-8 weeks after sowing. Two-three hand 
weedings or mechanical hoeings are required to arrest 
weed menace. Hand weeding twice on 20-25 days 
after sowing (DAS) and 35-40 DAS. Pre-emergence 
application of Butachlor 50% EC or Pretilachlor 50% 
EC @ 0.9-1.0 kg a.i. ha-1 combined with one-hand 
weeding at 35 DAS may effectively control the weeds. 
Recommended post-emergence herbicides for weed 
control include Quizalofop ethyl 5% @ 40-60 g a.i 
ha-1 at 20 DAS.

Harvest

Jute is a bast fibre crop and can be harvested at any 
stage after a certain period of vegetative growth, 
usually between 100 to 150 days. Harvesting of jute 
crops at the early pod formation stage has been 
found best for jute quality and quantity. Harvesting is 
done by cutting the plants at or close to the ground 
level with sharp sickles. In flooded lands, the plants 
are uprooted. The harvested plants are left in the field 
for 2-3 days for the leaves to shed. Next, the plants 
are tied into bundles 20-25 cm in diameter, and the 
branching tops are lipped off to rot in the field. Fibre 
is extracted through the retting process.

Yield
Green plant weight yield is 45 to 50 t ha-1

Fibre yield is 2.0 to 2.5 t ha-1

Source: National Food Security Mission

Uses

Jute is an important natural fibre crop in India, next 
to cotton. Its silky lustre, high tensile strength, low 
exhaustibility, considerable heat resistance and 
long staple length are the qualities that cannot be 
matched with synthetic fibre. It can easily be blended 
with other natural and man-made fibres. 

Soil

Jute can be grown on all kinds of soils, from clay 
to sandy loam, but loamy alluvials are best suited. 
Laterite and gravel soils are not suitable for this crop. 
A soil pH of 5.0-7.4 is within the tolerable limit of soil 
reaction. Clay loam for C. capsularis and sandy loam 
for C. olitorius is the most suitable soil types.

Climate

Jute is a crop in humid tropical climates. It thrives well 
in areas with well-distributed rainfall of 2500 mm 
spread over the crop vegetative growth period with 
no cloudiness. Tossa jute cannot withstand water 
logging. However, white jute can withstand water 
logging, but its fibre quality is impaired by prolonged 
water stagnation. At a temperature below 10°C, no 
germination occurs in both species. C. capsularis can 
withstand higher temperatures at germination (up 
to 32°C), while C. olitorius is sensitive to such high 
temperatures.

Land preparation

Jute seeds being small, require very fine tilth. The land 
can be prepared by ploughing and cross-harrowing 
3-5 times, followed by planking. In acidic soils (pH 
<6.0), the incorporation of 1-1.5 t ha-1 of lime 30-
40 days before sowing is necessary for better crop 
performance.

Varieties

Capsularis: JRC 212, JRC 321, JRC 7447

Olitorius: JRO 524, JRO 878, JRO 7835

Time of sowing

The sowing time of jute may differ from area to area 
on the basis of the receipt of pre-monsoon showers, 

availability of residual moisture and variety. Generally, 
sowing in the middle of March is optimum for all 
Capsularis varieties and the Olitorius varieties like JRO 
524, JRO 878 and JRO, 7835 while JRO 632 should be 
sown only after the middle of April. Olitorius sowing 
may be staggered up to May.

Method of sowing

Sowing of jute can be done either by broadcast 
method or by line sowing method. For line sowing, the 
land is prepared well, and sowing is done with a row-
to-row spacing of Capsularis – 30 cm, Olitorius– 25 
cm and plant-to-plant spacing is maintained at 5 to 
7 cm, and this is done by mechanical means, i.e., seed 
drill. The depth of sowing is maintained at 2.5 to 3 cm.

Seed rate

Depending upon the species of jute and method 
of sowing, the seed rate of the two species 
recommended is as under:

Species Broadcast Line sowing

C. capsularis 10 kg ha-1 7 kg ha-1

C. olitorius 7 kg ha-1 5 kg ha-1

Manures and fertiliser

In general, the nutrient requirement of capsularis is 
more than that of olitorius. Application of FYM @ 5-10 
t ha-1, a month prior to crop sowing, is recommended. 
The recommended doses of fertilisers are 40-80 kg 
N, 20-40 kg P, 20-40 kg K ha-1 (olitorius) and 60-80 
kg N, 30-40 kg P, 30-40 kg K ha-1 (capsularis) as per 
Central Research Institute for Jute and Allied Fibres 
(CRIJAF). Nitrogen is applied in two equal splits. 
Seed inoculation with Azotobacter chroococum and 
Azospirillum brasilense has been found promising to 
supplement part of N fertiliser. Foliar application of 
20 kg N through urea solution with teepol as a sticker 
at the pre-flowering stage is promising.

Irrigation

Jute crop requires 500 mm of water. First irrigation is 
to be given after sowing and life irrigation on fourth 
day after sowing. Later, irrigation can be given once 
in 15 days. Jute is sensitive to both drought and 

Fig. 1. Jute value-added products.

Jute Twine Jute Rope Jute Matting
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Dragon Fruit 

Scientific name: Hylocereus undatus

after flowering. Fruits should be covered by cotton 
bags when the colour of the fruit is changing from 
green to red to control the damage of fruits by bird 
biting and pests. The same bags can be used multiple 
times.

Harvest

The plant yields between July-November in 6-7 
flushes. If the fruit epicarp turns from green to red/
pink, it indicates fruit maturity. The fruiting starts 
from the second year onwards with a yield of 12-15 
t ha-1. Each fruit weighs about 300-800 g, and the 
costs ₹₹ 150-200 kg-1.

Source: ICAR-National Institute of Abiotic Stress 
Management

Uses

The fruits are relatively rich in antioxidants. It is 
known to prevent colon cancer and diabetes and 
neutralises toxic substances such as heavy metals; it 
also reduces cholesterol and high blood pressure. It 
is rich in vitamin C, phosphorus and calcium. Fruits 
are low in fat and rich in minerals. It can be processed 
to a range of industrial products such as juice, jam, 
syrup, ice cream, yoghurt, jelly, candy, pastries 
and extraction of natural colours. The flower buds 
of dragon fruit are used to make soups or mixed in 
salads.

Soil

Soils with good organic matter are best for cultivation. 
These fruits can grow in a wide range of soils, from 
sandy loam to clay loam.

Climate

The tropical climate is more suitable for cultivation. 
The optimum temperature required is 18-25°C with 
good relative humidity levels. Too much sunlight is 
not good for its cultivation. In high sunlight areas, 
shading can be provided for better yield. It needs an 
annual rainfall of 500-1500 mm.

Propagation

The dragon fruits are cultivated in two ways, viz., 
through seeds or cuttings. However, stem cuttings 
of 15-30 cm is time-saving and profitable for the 
farmer. Make these cuttings to get dry just two 
days before planting. These stem cuttings should be 
treated with fungicides and root hormones for 5-7 
days before planting. These cuttings are preferred 
for transplanting in the main field within 30-40 days. 
Cuttings will grow rapidly and produce fruits from 6-9 
months of propagation.

Planting

It is a cactus-type plant and it needs concrete, 
wooden posts or wall columns for support to grow. 
Lateral shoots are restricted, and only 2-3 main 
stems are allowed to grow. Four plants should be 
planted around each post. Planting is usually done 

during the rainy season, followed by making proper 
ridges of 50 cm height to give support to the plants. 
After attaining 1.5-2 m height, the plant starts to 
hang down. Hence, the poles are used for support, 
and the plant will climb and grow rapidly. A number 
of branches need to be brought down to 30-50 by 
trimming the unwanted branches.

Types of dragon fruit

There are different types of dragon fruits; however, 
noteworthy ones are given below

1.	 Red skin with white pulp (Hylocereus undatus) 

2.	 Pink skin with pink pulp (Hylocereus costaricensis)

3.	 Yellow skin with white pulp (Hylocereus 
megalanthus)

4.	 Red skin with red pulp (Hylocereus monacanthus)

Irrigation 

Water requirement is very less, yet there is a need for 
providing irrigation at the time of planting, flowering 
and fruit development stages. Drip irrigation is suitable 
for these fruit plants. The irrigation requirement is 
1000- 1500 l-1 pole-1 year-1 during the first and second 
years.

Manure and Fertilizer

For each plant, 10-15 kg of organic fertiliser should 
be applied and increase 2 kg of organic fertiliser every 
year. During the first two years, 500 g urea and 500 
g P, and 300 g K should be applied to each pole per 
year in four splits at three months’ interval. After 
two years, 800 g N, 900 g P and 550 g K pole-1 year-1 
should be well distributed in six splits.

Pests and Diseases

The crop is usually free of pests and diseases. Proper 
drainage facilities and dry, shaded areas for plants are 
best for preventing the pest and diseases.

Flowering and fruiting

Flowers open in the night and last only in one evening. 
Initially, small buttons or buds are formed and later 
develop into flowers within 13 days. Flowering starts 
from April-June. Fruits will be matured 30-35 days 

    

Fig. 1. Planting pattern                                                                          Fig. 2. Flowering and fruiting
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Exercise 3: 	 What are existing good practices and where they are implemented? How these 
good practices can be adapted in our villages? What will be the role of PRTs and 
other members
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Exercise 4: 	 Which aspects would require more training/information/cooperation from 
other stakeholders? What equipment/other resources would be required? 7.	 EMERGENCY RESPONSE PLAN  

FOR HWC-RELATED 
EMERGENCIES IN THE DISTRICT: 
ROLE OF COMMUNITY-PRTS

LEARNING OUTCOMES:

At the end of the module, the participants can are able 
to:

•	 Demonstrate information analysis for effective 
communication with the local community, using 
specific communication tools

•	 Demonstrate the competencies for training local 
community members on HWC mitigation

•	 Demonstrate the willingness to engage local 
community members in participatory HWC 
mitigation

•	 Demonstrate the willingness to cooperate 
with/ assist institutions working towards HWC 
mitigation
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7.1 About emergencies due to HWC

An emergency or crisis situation is a situation that is sudden, unexpected, has the potential to be serious/
is serious in nature and, therefore, requires immediate intervention in time and space from concerned 
stakeholders to minimise the loss of lives and assets. The response to such emergencies involves prompt 
handling of situations, ensuring reduced vulnerabilities of humans and wild animals.

This is an indicative list of the potential emergency2 situations in order of decreasing priority:

1.	 Loss of life or injury to a human.

2.	 A wild animal is trapped in a foot snare, wire snare or other such trap or has fallen into a well and needs 
to be rescued.

3.	 A wild animal has entered a building, an animal shelter or a housing area.

4.	 Livestock have been injured or have lost life because of a wild animal.

5.	 A wild animal has lost its life due to retaliatory action by humans.

6.	 Sighting of a wild animal in the vicinity of human habitation.

7.2 Early warning and Rapid Response System 

Since it is not fully possible to prevent wildlife and humans from using the same space, the role of response 
teams in timely action to prevent conflicts and to reduce the impacts due to such incidents will remain one of 
the important foundation blocks of the human-wildlife conflict (HWC) mitigation strategy in India.

The types of response teams, their function, roles, composition and competencies-development strategies 
are being standardised across all states in the country via the National HWC Mitigation Strategy and Action 
Plan (HWC-NAP)3. This is to facilitate effective policy support and for overall assessment and monitoring 
purposes.

EWRR is a set of tools, processes and personnel competencies needed for the timely and meaningful 
generation and dissemination of alert information to individuals, communities and establishments at risk 
for optimal preparedness and response and, at the appropriate time, to reduce the likelihood of injury, death 
or crop damage. EWRR would structurally include an HWC Mitigation Hub/Control Room and a system of 
three-tiered response teams, viz., division-level Rapid Response Teams (Division RRT), range-level Rapid 
Response Teams (Range RRT) and village-/ward-level Primary Response Teams of the local community 
(Community PRT).

A tiered system of response teams is being established in all forest divisions across the country, where instead 
of one response team implementing all the HWC mitigation measures, the roles and responsibilities will be 
spread over division- and range-level teams. Response teams at the community-level are being established 
to facilitate effective participation from the local communities and other stakeholders. 

The tiered system includes: 

HWC Mitigation Hub or Control Room at the Chief Conservator of Forest (CCF) office or Divisional Forest 
Officer (DFO) office, responsible for overseeing the situation, coordination of actions, maintenance of database 
and equipment, and acting as Incident Command Centre in case of emergencies:

The HWC Mitigation Hub will act as a critical centre to mitigate HWC in the forest circle/division, located at the 
Conservator of Forest’s (CF)/Deputy Conservator of Forest’s (DCF) office.

2	 Joint training of Range RRTs and community-PRTs. (Range RRTs must have participated in the simulation training on common emergency 
plan before this training). This training includes presentation of the emergency response plan of district to community PRTs and discussion 
on their roles, to bring role clarity and receive their feedback. This training should be conducted as a dialogue event

3	  Supplementary framework to HWC-NAP on establishment and capacity development of HWC mitigation response teams: https://moef.gov.
in/wp-content/uploads/2022/01/National-Human-Wildlife-Conflict-Mitigation-Strategy-and-Action-Plan-of-India-2.pdf

All information related to HWC will be collected at the Hub at the circle/division level. This Hub will act as the 
primary contact for reporting conflict instances by both the general public and also the frontline staff of SFD. 

A common mobile app used by all RRTs and PRTs within the state will help in ironing out any final issues in the 
Area of Operation.

The response teams will be established with the required competencies-development measures, including 
training, role clarity and equipment. RRTs will directly report to the concerned CCF or DFO/protected area (PA) 
manager, while the PRTs will be largely coordinated through the local Panchayats.

Role of HWC Mitigation Hub/Control Room

This will be the central focus for receiving and sending all communication related to HWC in the respective 
area of operation, so even when an RFO/any other staff receives a message about the presence of a potential 
conflict animal or an incidence, it will be expected that they immediately pass on the message to the HWC 
Emergency Helpline at the Hub, and in turn, receives further directions as per the Emergency Response Plan 
of the division according to HWC-NAP.

Rapid Response Team (RRT) at Division/PA level
•	 To capture and translocate a wild animal in conflict, as per the provisions of the WPLA, and in line with the 

species-specific guidelines and SOPs

•	 To rescue wild animals stranded in human habitation, as per the provisions of the WPLA, and in line with 
the species-specific Guidelines and SOPs

Rapid Response Team at Range Level (Range RRT):
•	 To oversee the status of recognised wildlife corridors once a quarter and submit a report to the DFO

•	 To make arrangements to set up trap cages in locations where conflict has been reported

•	 To supervise, in close coordination with Community PRT, the barriers and other mitigation measures set 
up to prevent HWC and inform the appropriate authority about their maintenance 

•	 To regularly patrol and monitor the location where any human has been injured (the area must be scanned/
monitored by a camera trap to investigate whether any other animal is moving in the area).

•	 To conduct an enquiry into each case of human death/ injury caused by an encounter with a wild animal. 
Straying of the animal from its usual movement is to be monitored, and a report is submitted to the DFO.

•	 To identify wild animals indulging habitually in encounters with humans/ livestock and submit proposals 
to the DFO for action under S.11(1) of the WPLA-1972.

•	 To monitor any symptoms of zoonotic and other emerging diseases and alert the HWC mitigation Hub/ 
control room

•	 To take up communication and awareness measures for the local communities

•	 To provide training in conflict-management techniques to Community PRTs 

•	 To ensure that all members of the Community PRT have insurance coverage against death or injury

•	 To manage minor operations of HWC (e.g., chasing and driving off wild animals as per the WPLA, snake 
handling) or to manage the situation until the arrival of the Division RRT, in case a capture is required. 

•	 To provide first aid to persons injured by wild animals and help them in receiving timely medical care

•	 To help the authorised chemical immobilisation expert in tracking and locating the conflict animals 
proclaimed by the Chief Wildlife Warden CWW/Authorised Officer under Section 11(1) of WLPA

•	 To help farmers affected by crop damage in getting compensation/getting ex-gratia relief from the 
competent authority at the earliest

•	 To conduct damage assessment of crops

•	 To conduct an enquiry in each case of livestock kill/injury during conflict and submit a report to the DFO

•	 To manage the crowd of onlookers during and after an incident
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•	 To engage with local media

•	 To meticulously document the operations, report, and upload the data into the Hub using a mobile app

•	 To maintain the vehicles and other rescue equipment in top condition.

7.3 Role of Community PRTs with regard to other response teams

About Primary Response Teams (Community PRT):

Local communities are at the direct helm of HWC. They bear the direct brunt of loss of livestock, human lives 
and other economic losses as a direct or indirect result of conflict with wild animals. Therefore, there is a need 
to involve the local community members/village elders of the panchayats through a participatory approach 
and develop a community-based emergency response system from within the affected village/ward. 

The formation and empowerment of community-level Primary Response Teams (Community PRT) in village/ 
wards or village/ ward clusters at HWC hotspots are expected to improve the first response mechanism, 
support the efforts of the division and range RRTs and can especially play a crucial role towards the crowd 
management in HWC situations.

Several examples of efficient first response within the golden hours and successful law and order situation/
crowd management by the specialised community-based statutory voluntary organisations such as Civil 
Defence and Home Guards exist.

Recommended composition:
•	 Two panchayat/ward members (at least one woman representative)

•	 Two youth (18-24 years of age) 

•	 Two representatives from either local Joint Forest Management (JFM) Committees, self-help groups (SHGs), 
Biodiversity Management Committees (BMCs), Village Forest Committees (VFCs), Eco-Development 
Committees (EDCs), or other community-based organisations such as civil defence and home guards

•	 One representative from a local educational institution (to facilitate long-term awareness, sensitisation 
and training measures)

•	 Two members representing a local NGO, private sector such as tea/coffee estates, farmers, companies, 
army units, etc., depending on the specific situation of the area.

Sub-teams:

Suggested sub-teams within the Community PRT for specialised tasks in case of emergency situations due 
to HWC:

•	 Control Room Service, to coordinate and steer the communication and response during an emergency 
situation

•	 First Response Team, to take lead at the onset of an emergency

•	 Casualty Service, to take the lead during medical emergencies

•	 Crowd Management Team, to take the lead during crowd situations 

The above sub-teams will undergo specialised training delivered by specialised agencies to effectively 
implement their specific tasks, apart from the regular training provided to Community PRT 

Recommended Selection Guidelines for PRT members:
•	 Proficient in the local language and have knowledge about the community 

•	 Physically fit (required for foot patrolling and crowd control)

•	 Ability to work in a team

•	 Desirable: an existing member of village-level/ward-level committees 

•	 Desirable: Local resident from the village/town 

•	 Passion for wildlife and nature conservation 

•	 Basic understanding of wildlife behaviour 

•	 Basic understanding of first aid (training will be provided by the SFD with support from the local/ state 
educational/ training institutions)

•	 Good rapport with the local community and understanding of mob management.

•	 Certified competencies relevant to the tasks in their respective sub-teams 

Role:
•	 To regularly monitor the community-based mitigation measures installed in the area

•	 To manage/maintain selected mitigation measures, such as barriers, as agreed with the Range RRTs

•	 To create awareness among local communities on HWC mitigation and ensure that they do not undertake 
any activities that might lead to a conflict situation 

•	 Facilitating sessions on HWC-related topics in regular panchayat/ward meetings for sharing information 
on wildlife biology, nature and ecological needs of the wild animals, their behaviour, and Dos and Don’ts 
for human safety. In such sessions, the RRT members can also be involved, along with wildlife, agriculture 
and rural development experts, from time to time

•	 To facilitate capacity development of local community on alternative livelihood by engaging SHGs and 
other groups

•	 To maintain the small equipment provided to the PRTs, and inform the Range RRT in case a replacement 
is required

•	 To document the operations and report to the panchayat

•	 To act as first responders in the event of HWC and manage the situation till the other response teams 
arrive

•	 To facilitate the Range RRT in managing crowd during driving/capture operations

•	 To facilitate knowledge sharing with the local communities regarding the HWC mobile app

•	 To provide information to local communities on state government schemes and programmes on HWC 
mitigation

•	 To provide information to SFD on the first signs of forest fire

•	 To support the SFD in conducting HWC risk analysis, and development and implementation of division-
level HWC-MAP

•	 To support SFD in identifying locations for invasive species removal 
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