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From the Editor’s desk  

 

Agroforestry is the integration of crops, trees, and livestock on the single plot of land, sustainable 

Agroforestry, a sustainable land-use system that integrates trees with agricultural crops or livestock, 

offers a multifaceted approach to natural resource management. By strategically incorporating trees 

into farming landscapes, agroforestry systems provide a range of environmental, economic, and 

social benefits. Trees act as natural windbreaks, reducing soil erosion and protecting crops from 

harsh weather conditions. Their deep roots improve soil structure and fertility by enhancing water 

infiltration and nutrient cycling. Moreover, trees provide shade and shelter for livestock, improving 

animal welfare and productivity. Beyond these direct benefits, agroforestry plays a crucial role in 

mitigating climate change. Trees absorb carbon dioxide from the atmosphere, sequestering carbon and reducing greenhouse gas 

emissions. They also help regulate local climates by moderating temperatures and increasing humidity. By enhancing biodiversity, 

agroforestry supports healthy ecosystems and promotes the conservation of vital plant and animal species. Furthermore, 

agroforestry can provide diverse income streams for farmers, such as timber production, fruit and nut harvesting, and the sale 

of non-timber forest products, thereby improving rural livelihoods and enhancing food security.  

In line with the above this issue of Van Sangyan contains an article on Natural resource management through agroforestry. There 

are also useful articles viz. Combating wildlife crimes: Protecting biodiversity for future generations, The great green wall: A 

vision for sustainable environment, Essential oils: Extraction methods, significance and various applications, ववलुवि की कगार पर 

सोन विविया, Synergies in fruit-forage intercropped systems, Hill glory: The antifeedant property of plant extract against major 

insect pests of telangana, Ficus a Religious Genus: Versatility in Growth Forms and Wood Anatomy, Wood production in India and  

बंजर भूवम में ऑवले की बागवानी. 

Looking forward to meet you all through forthcoming issues 

Dr. Naseer Mohammad  

Chief Editor 
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Natural resource management through agroforestry 
 

Manish Kumar Mankur, Lalji Singh, Pratap Toppo 
 

Department of Forestry 

College of Agriculture, IGKV, Raipur, Chhattisgarh 

E-Mail: manishmankur7@gmail.com 

 

Introduction 

There are interactions between the many 

components in agroforestry systems on 

both an economic and ecological level. 

Farmers can plant and maintain forests for 

whatever combination of advantages they 

might offer. They may prioritise a single 

result, like as biodiversity or timber 

output, or they may aim to balance a 

variety of advantages in a multipurpose 

planting. Their priorities may change over 

time and vary across the farm. A forest 

that was first planted or managed to 

protect the species or the land may later be 

exploited for timber or appreciated for its 

aesthetic appeal (amenity value). Farms 

with forests either increase or merely 

replace their agricultural output. They 

increase economic, social, and 

environmental capital and are sustainable. 

Agroforestry generates significant profits 

for the farmers. 

Agroforestry 

Agroforestry constructs integrated systems 

that bridge the gap between agriculture 

and forestry, fulfilling environmental and 

socioeconomic goals (Akoto et al. 2020). 

It increases agricultural system resilience, 

mitigates climate change effects (Mbowet 

al. 2014, Feliciano et al. 2018), prevents 

environmental degradation, boosts 

agricultural productivity, enhances carbon 

Figure 1: Agroforestry system (Teak plantation on field bund) 
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sequestration, improves water quality, and 

supports healthy soil and ecosystems while 

providing stable incomes and other human 

welfare benefits (Brown et al. 2018). In 

summary, it creates a more integrated, 

diverse, productive, profitable, healthy and 

sustainable land use system compared to 

agriculture alone (Sharma et al. 2017). 

Furthermore, agroforestry can restore 

ecosystems by reclaiming degraded and 

wastelands, which is crucial for increasing 

forest area as recommended by the 

National Forest Policy (1988) to reach 

33% from the current 24.39% (Patra 

2022). 

Area under agroforestry in India 

The overall area under agroforestry for all 

15 Agro-Climatic Zones (ACZs) of India 

was 28.427 M ha, which is about 8.65% of 

the total geographical area of the country 

(328.747 M ha). Among the 15 ACZs, 

seven (1, 3, 5, 7, 11, 12, and 13) had more 

than 10% of their area under agroforestry. 

ACZs 1, 5, 7, 10, 11, and 13 each had 

more than 2 M ha under agroforestry 

(Table 1). The Western Himalayan Region 

and the Eastern Plateau and Hilly Region 

recorded more than 4 M ha under 

agroforestry. Across the ACZs, the Upper 

Gangetic Plain Region had the greatest 

area (15.55%) under agroforestry, while 

the Western Dry Region (2.45%) and the 

Island Region (2.48%) had the lowest. 

According to the Global Forest Resources 

Assessment 2020 of FAO, Asia has the 

largest area under agroforestry, which is 

about 31.2 M ha. Comparing the 

agroforestry area in Asia as reported by 

FAO with the agroforestry area reported in 

this study, it can be presumed that more 

than 75% of the agroforestry area is in 

India. However, this is not a fact and 

should not be misinterpreted. Globally, 

only 71 countries report areas under 

agroforestry to FAO for the biannual 

Global Forest Resources Assessment, but 

no actual estimation is reported. 

Table 1. Extent of agroforestry area in 15 agroclimatic zones (ACZs) of India 

ACZ no. ACZ Geographical 

area (M ha) 

Agroforestry 

area (M ha) 

Agroforestry 

area (%) 

1 Northern 

Himalayan Region  

32.968 4.096 12.42 

2 Eastern Himalayan 

Region  

28.422 1.088 3.83 

3 Lower Gangetic 

Plains Region  

6.238 0.802 12.86 

4 Middle Gangetic 

Plains Region  

16.526 1.304 7.89 

5 Upper Gangetic 

Plains Region  

14.367 2.234 15.55 

6 Trans Gangetic 

Plains Region  

11.750 1.143 9.73 

7 Eastern Plateau and 

Hill Region  

40.525 4.292 10.59 

8 Central Plateau and 37.435 1.924 5.14 
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Hill Region  

9 Western Plateau 

and Hill Region  

32.539 1.556 4.78 

10 Southern Plateau 

and Hill Region  

39.294 2.976 7.57 

11 East Coast Plains 

and Hill Region  

19.948 2.36 11.83 

12 West Coast Plains 

and Hill Region  

11.69 1.632 13.96 

13 Gujarat Plains and 

Hill Region  

18.673 2.57 13.76 

14 Western Dry 

Region  

17.587 0.431 2.45 

15 The Island Region  0.785 0.019 2.42 

Total/ 

percentage 

 328.747 28.427 8.65 

Natural resource management through 

agroforestry techniques 

Alley Cropping 

Alley cropping is an agroforestry 

technique in which crops are planted 

between rows of controlled and spaced-

apart trees and/or shrubs in cropland. This 

practice has attracted a lot of study 

attention and is seen as having potential 

for resolving issues with falling soil 

fertility, particularly in instances where 

farmers cannot afford to use inorganic 

fertilizers in the necessary amounts. The 

possibility of maintaining or enhancing 

soil fertility has been the focus of research. 

Other significant advantages include an 

enhanced microclimate, feed, and small-

size wood. However, given the effort 

involved in managing hedgerows, labor 

has occasionally been seen as a limitation. 

Additionally, competition for moisture has 

been identified as a challenge for this 

technique, becoming more severe as 

conditions get drier. 

Silvi-Patoral 

Scattered trees on pastures, plantation 

crops mixed with pastures, live fences, 

fodder banks, windbreaks and shelterbelts, 

and hedgerow intercropping on pastures 

are all examples of silvi-pastoral practices. 

In the sylvi-pastoral system, trees provide 

protein-rich feed when grass is scarce or 

inedible. Reduced grazing pressure results 

in better vegetation coverage, which 

lessens erosion during critical periods. 

Hortisilviculture 

Horticulture trees and timber trees have 

been purposefully combined on a single 

plot of land to simultaneously gather fruits 

and timber. The windbreak provided by 

the timber trees planted on the orchard 

bunds shields the fruit from strong winds. 

Hortisilvopastoral 

This approach involves growing a variety 

of enhanced leguminous grasses in 

orchards to feed cattle. Trees are planted 

on the orchards' bunds, producing a variety 

of goods and serving as windbreaks that 

shield horticulture plants from strong 

winds. 

Agroforestry in watershed management  
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The core of agroforestry in watershed 

management is applying appropriate land 

use planning to the entire catchment, 

focusing on water management and 

erosion control. Various agroforestry 

possibilities must be considered while 

allocating land according to the concept of 

land use planning. 

Shillong, an Indian hill region in the 

northeast, provides a good example of land 

use planning. In a different land-use 

system, slopes are divided into three 

sections: the upper slope is left as a natural 

forest, the middle slope is used for pasture 

with fruit trees on individual semi-circular 

terraces (a horti-pastoral system), and the 

lower slope is terraced for arable land use. 

In addition to assisting in the reduction of 

soil and water loss, the growth of 

hedgerows as vegetative measures along 

the contour or on a grade also serves as a 

source of off-season fodder. The soil 

particles that get deposited along 

hedgerows are trapped by raised hedges as 

a vegetative barrier, preventing the loss of 

finer soil particles and nutrients. These 

hedges have been shown to be quite 

effective for small fields. 

According to a study from the Doon 

Valley, tree rows serve as barriers to 

surface runoff. Narain et al. (1988) found 

that planting Leucaenaleucocephala or 

Eucalyptus tereticornis in paired rows with 

a spacing of 4.5 meters by 1.5 meters 

reduces soil loss by more than 70%. When 

both trees were managed as a single tree, 

Eucalyptus tree rows performed better than 

Leucaena. Average decreases in runoff and 

soil loss over the fallow plot under grass 

cover were 73% and 94%, respectively. 

Compared to Leucaena tree-row barriers, 

Eucalyptus tree row barriers in the grass 

plot significantly limit runoff and soil loss. 

Sole plantations of Leucaena and 

Eucalyptus showed negligible runoff and 

soil loss, which were only 5.7% and 1.4% 

of the fallow plot. Although trees had an 

adverse effect on crop yields, the tree 

products compensated for the loss, making 

the system economically viable (Narainet 

al., 1998). 

Soil fertility  

Leguminous trees in agroforestry, in 

particular, enhance the soil by biologically 

fixing nitrogen, adding organic matter, and 

recycling nutrients. According to reports, 

some trees, including the Leucaena, 

Acacia, and Alnus species, may fix up to 

400–500 kg, 270 kg, and 100–300 kg of 

nitrogen per hectare per year, respectively. 

The crops growing in association with the 

fixed nitrogen may benefit symbiotically 

from it, aiding in enhancing soil fertility. 

Biological nitrogen fixing occurs through 

both symbiotic and non-symbiotic 

processes. Symbiotic fixation results from 

the interaction of plant roots with nitrogen-

fixing bacteria. Many legumes form an 

association with the bacteria Rhizobium, 

while the symbionts of a few non-

leguminous species belong to a genus of 

actinomycetes, Frankia. Non-symbiotic 

fixation is effected by free-living soil 

organisms and can be a significant factor 

in natural ecosystems, which have 

relatively modest nitrogen requirements 

from outside systems (Nair, 1993). 

Carbon stock in agroforestry system in 

India 

In many agroforestry systems, carbon is 

stored in standing biomass above ground 

as well as below ground through the 

improvement of soil carbon and root 

biomass. The sequestration potential for 
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carbon in agroforestry systems and other 

alternative land use systems in India was 

first estimated to be between 68 to 228 Mg 

C/ha, or 25 tC/ha across 96 Mha of land, in 

some of the earliest studies by Dixon et al. 

(1994). However, this value varies by 

location according to biomass production. 

Research by Jha et al. (2001) found that 

agroforestry can store 26% more carbon 

than farming in the Haryana plains, or 

about 83.6 tC/ha, up to a depth of 30 cm in 

the soil. However, the scale of the 

operation and the final use of the wood 

would determine the amount of carbon 

sequestration from forestry activities. 

Conclusion 

By using agroforestry-based techniques, 

soil and water conservation could be made 

more efficient and long-lasting. Reduced 

erosion and runoff losses have been 

achieved through an intercropping system 

of agroforestry that includes hedgerow 

intercropping (alley cropping), shelter 

belts and windbreaks, boundary planting 

of trees and woody hedges, living fences, 

and the corridor system of land use. The 

use of vegetative barriers has been crucial 

in lowering runoff and soil erosion. For the 

preservation of soil and water resources, 

crop residues must be kept on the soil's 

surface. Other potential methods of 

conserving soil and water resources 

include planting trees on erosion control 

structures, as windbreaks, and as 

shelterbelts in silvi-pastoral and horti-

pastoral systems. 
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Introduction 

India is one of the most biodiverse regions 

and is home to a large variety of wildlife. 

It is one of the 17 megadiverse countries 

and includes three of the world's 36 

biodiversity hotspots – the Western Ghats, 

the Eastern Himalayas, and the Indo-

Burma hotspot. About 24.6% of the total 

land area is covered by forests. It has 

various ecosystems ranging from the high-

altitude Himalayas, tropical evergreen 

forests along the Western Ghats, desert in 

the north-west, coastal plains and 

mangroves along the peninsular region. 

India lies within the Indo-Malayan realm 

and is home to about 7.6% of mammal, 

14.7% of amphibian, 6% of bird, 6.2% of 

reptilianand 6.2% of flowering plant 

species. India has an estimated 92,873 

species of fauna (ZSI,2021) roughly about 

7.5% of the species available worldwide 

and about 29,015 species of plants 

(BSI,2021) including 17,926 species of 

flowering plants. This is about 9.1% of the 

total plant species identified worldwide 

and 6,842 species are endemic to India. 

According to IUCN Red list data there are 

622Vulnerable species, 521 Endangered 

species and249 Critically Endangered 

species in India.Habitat destruction, 

poaching and trafficking these wildlife 

crimes are the significant challenges that 

threaten the existence of certain fauna and 

flora and pushing them towards extinction. 

Hence combating wildlife crimes play a 

significant role in protecting biodiversity 

for future generations. 

Combating wildlife crimes 

Combatting wildlife crimes involves a 

collaborative effort among various 

stakeholders, including: 

Law enforcement and government 

agencies 

Police, Forest departments, wildlife 

authorities, Ministry of Environment, 

Forest and Climate Change play a central 

role in enforcing wildlife protection laws, 

formulating policies, investigating crimes, 

provide resources, and coordinate efforts 

to combat wildlife crimes. 

International organizations 

Organizations like INTERPOL and the 

United Nations Office on Drugs and Crime 

(UNODC),Convention on International 

Trade in Endangered Species of Wild 

Fauna and Flora (CITES) collaborate with 

national authorities to address 

transnational wildlife crime networksand 

ensure effective regulation of international 

wildlife trade. 

Non-Governmental Organizations 

(NGOs) 

Several NGOs play crucial roles in 

combatting wildlife crimes, like Wildlife 

Conservation Society (WCS),World 

Wildlife Fund (WWF),TRAFFIC-The 
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Wildlife Trade Monitoring Network, 

International Fund for Animal Welfare 

(IFAW). These NGOscontribute expertise, 

resources, and support to combat wildlife 

crimes and protect endangered species 

globally. 

Research Institutions and Universities 

Wildlife Institute of India (WII), National 

Centre for Biological Sciences (NCBS) 

and Advanced Institute for Wildlife 

Conservation (AIWC) are few research 

institutions in India. Researchers and 

scientists from these institutes play a 

crucial role in generating knowledge, 

developing tools and technologies, 

informing policy decisions, and building 

capacity to combat wildlife crimes 

effectively. 

Communities 

Local communities living near wildlife 

habitats can act as watchdogs, providing 

valuable information and support for law 

enforcement efforts. 

Initiatives taken by different 

organizations to combat wildlife crimes 

Operation THUNDER 2023 

In Operation Thunder 2023, which took 

place in June, there were 2,114 seizures of 

endangered animals and timber. The 

operation involved the coordination of 

intelligence sharing, investigations, and 

resources between INTERPOL and the 

WCO. The joint efforts of frontline police 

and customs officers led to the 

identification and arrest of traffickers 

attempting to smuggle animals or timber 

across borders 

Operation Save Kurma 

Conducted by the Wildlife Crime Control 

Bureau (WCCB) in India, this operation 

focuses on combating the illegal trade of 

turtles and tortoises. It aims to disrupt 

smuggling networks and rescue 

endangered turtle species from 

poachers.Under Operation Save Kurma, 

which was conducted from December 15, 

2016 to January 30, 2017, approximately 

16,000 live turtles/tortoises were seized 

and released back into the wild. Fifty-five 

suspects involved in the illegal trade were 

also arrested. 

HAWK (Hostile Activity Watch Kernel) 

 

The development of HAWK started in 

2017 in the state of Kerala by a joint team 

of the Kerala Forest Department & 

Wildlife Trust of India. The system was 

officially launched in 2019 in Kerala and 

since then it has been the official system of 

the state forest department.The 

implementation of a customized version of 

HAWK was initiated in 2022 in Karnataka 

in partnership with the ICT cell of the 

Karnataka Forest Department and the 
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system is being implemented across the 

state. 

Not all animals migrate by choice 

Campaign launched by Wildlife Crime 

Control Bureau (WCCB) of India and UN 

Environment in the year 2019, aimed at 

airports across India. Tiger, Pangolin, Star 

Tortoise and Tokay Gecko featured in the 

campaign. 

Wild for Life 

The "Wild for Life" campaign is an 

initiative led by the United Nations 

Environment Programme (UNEP) started 

in the year 2016 to combat illegal wildlife 

trade and raise awareness about the 

importance of protecting endangered 

species. The campaign aims to mobilize 

individuals, governments, and 

organizations around the world to take the 

action to stop wildlife crime and preserve 

biodiversity. 

Catch the Trap 

The Telangana forest department launched 

an intensive ‗Catch the Trap‘ drive in Dec 

2023 to rid forest areas of snares and traps 

laid by poachers to catch wild animals and 

birds. The wildlife wing of the department, 

which said, ―Killing and hunting of wild 

animals using snares, traps, nets, live wire, 

poison and explosives is a big challenge,‖ 

also announced rewards for informants 

with a promise of keeping their identities a 

secret. The ‗Catch The Trap‘ drive was 

implemented to prevent poaching of wild 

animals in the forests. 

Approaches to combat wildlife crime 

Monitoring of wildlife through Artificial 

Intelligence (AI) 

AI has transformed wildlife monitoring 

and crime prevention, with India's IT 

prowess making it a crucial player in 

deploying AI-based systems. These 

technologies include GPS, microchips, 

drones, infrared cameras, acoustic sensors, 

and tools like SMART, enabling real-time 

tracking and swift resolution of wildlife 

crimes, similar to how cell phones aid in 

personal crime cases. 

Strengthening and modernization of 

wildlife laboratories 

Establishing modern wildlife labs in every 

state and enhancing forensic facility is 

crucial for crime investigation. Standard 

tests like morphometry should be 

supplemented with advanced genetic 

methods like multiplex PCR. Routine e-

DNA examination is essential for 

monitoring elusive wildlife. Expanding 

wildlife health facilities and funding 

schemes for conservation and staff training 

are imperative for governments. 

Amendment of existing wildlife laws 

The Wildlife (Protection) Act, 1972 

requires urgent amendments to include 

alien species and enforce penalties for 

their trade. The Wildlife (Protection) 
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Amendment Bill, 2022, introduces 

penalties for exotic species trade but lacks 

provisions for human-wildlife conflict and 

coastal wildlife crimes. Amendments to 

address these gaps are essential, possibly 

through changes to the Custom Act of 

1962. 

Monitoring of Wildlife trade 

Foresters and police must closely monitor 

wildlife trade using advanced technology 

to combat illegal activities. Addressing 

socio-economic inequalities through 

community engagement is crucial. 

Achieving zero rhino poaching in Assam 

involved coordinated efforts and 

technological advancements with regard to 

monitoring of wildlife trade. Vigilance 

against exotic species consumption is 

essential, exemplified by the government's 

amnesty offer to improve compliance with 

CITES. 

Conservation of wildlife and their 

habitats 

The Union environmental ministry has 

launched various wildlife conservation 

projects, like 'Project Tiger,' showing 

success in increasing tiger populations. 

Efforts should extend to other threatened 

species. Recommendations to limit tourism 

in wildlife areas and discourage zoos 

within reserves aim to mitigate human-

wildlife conflict. Individual actions, like 

planting native trees and supporting 

conservation organizations, are also 

crucial. 

Successful cases 

A succinct view of wildlife crimes in 

West Bengal and their conservation 

practices by Debaditya Roy, Vinod 

Kumar, 2023. 

In the above study they have identified the 

Causes for wildlife crimes in West Bengal. 

They are mentioned below: 

 Traversed rivers and their branches 

passing through the forests of West 

Bengal. 

 Transnational boundary with 

Bangladesh. 

 Human-Wildlife conflicts. 

 Pollution. 

Conservation practices are framed 

accordingly: 

 Wildlife sniffer dogs- 6 young 

German shepherd dogs (6-9mo) 

seven-months training at Basic 

Training Centre, the Indo-Tibetan 

Border Police Force (BTC-ITBP) 

camp in Haryana. 

 Government in collaboration with 

wildlife organizations, experts, and 

lovers- wildlife, grasslands, 

wetlands and forests, tigers as it 

exceeded 100, other wildlife 

animals like Chital and Blackbuck. 

 Areas where frequent collisions 

occurred are identified, 

construction of Underpass, 

overpass and realignment of 

railway lines near the curves where 

ever possible. 

 The government of Bengal decided 

to form a special squad for a forest 

to prevent the wildlife crime and 

trafficking- ―Forest squad‖. 

Case 2 

The Telangana forest department‘s ‗Catch 

The Trap‘ drive to locate and remove 

snares and traps laid in the forests to catch 

wildlife for poaching is yielding shocking 

results that are indicating the true extent of 

attempts to poach wild animals and birds 

in different parts of the state. 
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Pictures of the recoveries show a truck 

load of wire snares found in Gudur forest 

division alone weigh some 400 kg. 

Conclusion 

 Wildlife crimes represent a 

significant threat to biodiversity 

and ecosystems. 

 Combating wildlife crimes requires 

collaborative efforts, legislative 

actions, community engagement, 

and technological innovations. 

 Together, we can protect our 

planet's precious wildlife and 

ensure a sustainable future for 

generations to come. 
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Introduction 

According to Indian Union Minister for 

Environment, Forests, and Climate 

Change, Shri BhupenderYadav, the 

―Aravalli Green Wall Project‖ was newly 

initiated under Prime Minister Shri 

Narendra Modi. The 2007 implementation 

of Africa's "Great Green Wall" project, 

which stretches from Senegal in the west 

to Djibouti in the east, served as the model 

for the design.A massive initiative 

spanning four states aims to green a 5-

kilometer buffer zone surrounding the 

Aravalli Hill Range. During the function, 

ShriYadav presented the Indian Council of 

Forestry Research and Education's FAQ 

on agro-forestry as well as the National 

Action Plan to Combat Desertification and 

Land Degradation through Forestry 

Interventions. The Aravallis are to be 

revived through a range of initiatives, 

including as the banning of single-use 

plastics, conservation efforts with regard 

to water, and the protection of natural 

resources. The Aravalli Range is a product 

of the Proterozoic era which is possibly the 

oldest geological feature on Earth. It is 

India's oldest range of Fold Mountains. 

It will enhance the region's soil fertility, 

water availability, and climate resilience in 

addition to increasing the Aravalli's green 

cover and biodiversity through 

afforestation, reforestation, and water body 

restoration.  

 

According to him, the initiative will help 

the surrounding community by generating 

revenue, creating jobs, and supplying 

ecological services. Rejuvenating the local 

streams catchment and water bodies will 

contribute to increased productivity, 

drought resistance, and overall soil 

moisture regime. In order to ensure that 

both conservation and development can be 

accomplished, he emphasized the 

significance of creating synergy between 

restoration, socioeconomic variables, and 

development activities.He re-affirmed the 

GOIcommitment to achieving the national 

objective of generating an additional 2.5 

billion tonnes of carbon sink by 2030 and 

expressed gratitude to the Haryana Forest 

Department and other stakeholders for 

their collaboration and support in putting 

the project into action. 

Distribution of Aravalli range for green 

wall project 

It covers around 670 kilometers across the 

northwest of India, originating near Delhi, 

heading through southern Haryana, 

Rajasthan, and Ahmedabad, Gujarat. Guru 

Shikhar, at 1,722 meters (5,650 feet) on 

Mount Abu, is the highest summit. Its 

delicate and old water channels have been 

overexploited, mining, and deforestation 

over the past four decadeshave all 

contributed to its destruction. 

 The Aravalli-Delhi Orogen, a 

Precambrian event, caused the 

range to rise.  
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 One of the world's oldest mountain 

ranges, it predates the emergence 

of the Himalayan Mountains and 

was created by the orogenic 

process of folding. 

 Convergent plate boundaries move, 

leading to folding, forming the 

Fold Mountains. 

 With an overall length of roughly 

560 km, the mountains are split 

into two main ranges: the 

SambharSirohi Range and the 

Sambhar Khetri Range in 

Rajasthan. 

 In addition, many of the endemic 

flora, mushrooms, spiders, frogs, 

toads, snakes, and other animals 

that are unique to the Aravalli are 

understudied and their population 

size is uncertain. 

 

 
Fig.1 The range of Aravalli green wall 

project 

The following are the goals of the 

Aravalli Green Wall project: 

 Improving the ecological health of 

the Aravalli range. 

 To stop the Thar Desert from 

spreading eastward and to lessen 

land degradation by building green 

barriers that will stop dust storms, 

desertification, and soil erosion. 

 By planting native tree species in 

the Aravalli region, creating habitat 

for wildlife, and enhancing the 

quality and quantity of the water, 

this green wall will contribute to 

carbon sequestration and climate 

change mitigation, enhancing the 

biodiversity and ecosystem 

services of the Aravalli range. 

 Involve local populations in 

afforestation, agroforestry, and 

water conservation projects that 

will produce revenue, jobs, food 

security, and social benefits in 

order to promote sustainable 

development and livelihood 

prospects. 

 Numerous parties, including the 

federal and state governments, 

forest agencies, research facilities, 

civil society organizations, 

businesses, and local communities, 

will work together to carry out the 

project. To guarantee the project's 

success, sufficient financing, 

technical know-how, policy 

coordination, and public awareness 

will be needed. 

 Participate in India's commitments 

under the Convention on 

Biological Diversity (CBD), the 

United Nations Convention to 

Combat Desertification (UNCCD), 

and the United Nations Framework 

Convention on Climate Change 

(UNFCCC). 
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 Enhancing India's standing as a 

global pioneer in green growth and 

environmental preservation. 

Significance of Green wall project 

Alongside the project was the unveiling of 

a National Action Plan to Combat 

Desertification and Land Degradation 

through Forestry Interventions. This also 

highlights the importance of starting the 

Aravalli green wall project. 

 Its sensitive and traditional water 

channels have been overexploited, 

mining, and deforestation over the 

last forty years have all contributed 

to its destruction.  

 It has become a serious risk that 

desertification will extend east of 

the Aravalli.  

 According to a study released by 

the Wildlife Institute of India, 

anthropogenic topographical 

changes in Haryana have resulted 

in at least 12 locations where 

groundwater levels have been 

depleted and the Aravalli range has 

been breached.  

 One of the major degraded zones to 

be targeted for greening is the 

Aravali, in keeping with India's 

goal of rehabilitating 26 million 

hectares (mha) of its land. 

 An ISRO assessment from 2016 

found that more over 50% of the 

land in Delhi, Gujarat, and 

Rajasthan had deteriorated. 

Way forward 

Northwest India's past and future will be 

greatly influenced by the Aravalli 

mountain range because of its distinctive 

topography, geology, forests, soils, and 

water sources. But the area's fragile 

ecology is in jeopardy due to operations 

like mining, clearing land for 

development, deforestation, and altering 

river courses. Protecting the Aravallis is 

the goal of government projects like the 

Great Green Wall, but their success 

depends on resolving problems like illicit 

mining. To protect the Aravallis and make 

sure that conservation initiatives like the 

Great Green Wall are successful, a 

comprehensive strategy that includes the 

end of additional exploitation for 

commercial or industrial uses is required. 
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Introduction

Essential oils (EOs), also known as 

ethereal or volatile oils, these are 

odoriferous liquids having pleasant taste. 

Found in over 60 families of Indian 

plants.An essential oil may contain up to 

several hundred chemical compounds. 

This complex mixture of compounds gives 

the oil its characteristic fragrance and 

flavor. They are aromatic oily liquids 

collected from various parts of the plant, 

such as leaves, seeds, fruits, buds, flowers, 

wood, herbs, barks, and roots and have 

wide-ranging applications in the 

pharmaceutical, medicinal, and perfume 

sectors. 

The name Essential oils (EOs) refer to 

their combustible properties. EOs is 

aromatic oily liquids with low water 

solubility, but they are soluble in alcohols, 

organic solvents, lipids, and other 

hydrophobic substances. (They are usually 

liquid at room temperature). Essential oils 

make up only a small portion of plant 

material's wet weight, often 1% or less. 

Essential oil quality, amount, and 

composition vary according to 

geographical conditions, soil composition, 

and specific plant portions, and plant age. 

The International Standard Organization 

on EOs (ISO 9235:2013) and European 

Pharmacopoeia (Council of Europe, 2004) 

both define an essential oil as a product 

that is obtained from plant raw materials 

by hydro distillation, steam distillation, dry 

distillation, or by a suitable mechanical 

process. Essential oils are distinct from 

other aromatic or volatile products that are 

derived using various extraction methods 

such as solvent extraction, supercritical 

fluid extraction, and microwave-assisted 

extraction. Additionally, essential oils are 

different from fixed or fatty oils in terms 

of their chemical and physical 

characteristics. 

In nature, EOs are crucial for plant defense 

and signaling (Harborne 1993; Bowsher et 

al., 2008) They help protect plants from 

microorganisms, insects, and herbivores, 

attract pollinators and animals that 

disperse seeds, regulate water, and 

facilitate allelopathic interactions. 

Additionally, they are valuable natural 

products used as raw materials in various 

industries, including pharmaceuticals, 

agronomy, food, sanitation, cosmetics, and 

perfumery.Essential oils are complex 

mixtures of volatile compounds 

(approximately 100 u) to semi-volatile 

compounds (around 300 u). They typically 

have a strong odor, are rarely colored, are 

soluble in organic solvents, and are 

insoluble in water. These oils include 

volatile compounds of both terpenoid and 

non-terpenoid origins, synthesized through 

various biosynthetic pathways with 

different primary metabolic precursors. 
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Classification of essential oils 

The oil may be found in the internal glandular tissues of flowers, fruits, seeds, leaves, bark, root 

and wood. On the basis of their occurrence, they are classified asWood oil, Leaf oil, Seed oil, 

Root /rhizome oil, Flower oil, Grass oil, etc. 

 

S. No. Type of essential oils Example 

1.   

 

 

        Flower oils 

Keora oil (Pandanus tectorius) 

Champ oil (Michelia champaca) 

Jasmin oil (Jasminum grandiflorum) 

Rose oil (Rosa damascena) 

2.   

   Seed oil 

 

Muskdana (Abelmoschus moschatus) 

3.   

 

 

Lemon grass oil (Cymbopogon flexuous) 

Palmarosa oil (Cymbopogon martinii)  

ESSENTIAL OILS 



Van Sangyan (ISSN 2395 - 468X)                Vol. 11, No. 11,           Issue: November 2024  
 

 Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India   18 
 

         Grass oils Ginger grass oil (Cymbopogon martinii)  

4.   

 

 

          Leaf oil 

Eucalyptus oil (Eucalyptus globulus) 

Camphor oil (Cinnamomum camphora) 

Cinnamon oil (Cinnamomum zeylanicum) 

Mint oil (Mentha piperita) 

Winter green oil (Gaultheria fragrantissima) 

5.   

 

 

         Wood oil  

Sandal wood oil (Santalum album ) 

Agar wood oil (Aquilaria malaccensis) 

Deodar wood oil (Citrus deodara) 

Pine wood oil/Turpentine (Pinus species) 

6.   

         Root oil  

Costus/Kuth (Saussuria lappa) 

Valerian oil (Valeriana jatamansii) 

 

 

How essential oil extraction methods are 

important? 

Choosing the appropriate extraction 

procedure is critical for producing high-

quality essential oils. It influences the oil's 

quality, purity, safety, energy efficiency, 

cost-effectiveness, compatibility for the 

plant material, consistency and 

reproducibility, and regulatory compliance. 

Different extraction procedures produce oils 

of different quality, while others, like as 

steam distillation, and maintain delicate 

aromatic components better. Energy 

efficiency is critical for economic and 

environmental reasons, and cost-

effectiveness is an important consideration. 

Matching the extraction procedure to the 

plant material ensures the highest yield and 

quality. Regulatory compliance is also 

important for legal marketability. 

Extraction methods 

There are numerous techniques of extraction 

operations for essential oils; depending on 

the use, different methods are selected. 

Some of them are Maceration, Cold 

Pressing, Solvent Extraction, and 

supercritical carbon dioxide, hydro 

distillation, Turbo Distillation Extraction, 

Steam Distillation etc. 

Maceration 

Maceration is a method for creating infused 

oils or herbal oils by soaking plant material 

in carrier oil for extended periods. These oils 

absorb the plant's aromatic and therapeutic 

properties, but are not essential oils. They 

are used in skincare, massage therapy, and 

aromatherapy. 
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Solvent extraction 

Solvent extraction involves extracting 

essential oils from plant materials using a 

suitable solvent. Hydrocarbons are 

commonly used as a solvent to extract 

essential oils from plant materials. After 

adding a solvent to the plant material, the 

resulting solution is filtered and 

concentrated using distillation. Oil is 

extracted from the concentrate by adding 

pure alcohol, which is subsequently 

evaporated, leaving behind the oil. The 

biggest disadvantage of employing this 

procedure is that solvent residue might 

induce allergies and damage the immune 

system. 

Enfleurage 

Enfleurage is the traditional and thorough 

method of extracting essential oils from 

flowers. This procedure involves layering fat 

on flower petals to extract them. After fat 

absorbs essential oils from flower petals, 

alcohol is used to extract and separate them. 

The essential oil is extracted by evaporating 

the alcohol solvent residue, which may 

induce allergies and impair the immune 

system. 

Hydrodistillation 

Hydro distillation is a method for extracting 

essential oils from plant material, 

particularly aromatic plants. It involves 

heating the material, adding water, steam 

distillation, separation, and collection. The 

volatile aromatic chemicals are released, 

which are then condensed into liquid form. 

The essential oil layer is collected and 

processed, while the residual water, called 

hydrosol, can be used for various purposes. 

This method is suitable for various plant 

materials but may not be as efficient or 

yield-boosting as other extraction methods. 

Hydro distillation has been replaced by other 

methods due to its potential for producing 

burnt essential oils. 

Steam Distillation 

The primary method widely employed for 

extracting essential oils from plant material 

is distillation. In this process, the plant 

material, typically flowers or plants, is 

arranged on a screen, and steam is 

introduced through the material. 

Subsequently, the steam is condensed to 

yield a mixture of water and essential oil. 

Finally, this combination of essential oil and 

water is separated (Cassel et al., 2009). 

Importance and use of essential oil 

Essential oils are commonly used in 

aromatherapy, interacting with the body 

through skin application and inhalation. 

They stimulate the limbic system, affecting 

emotions, behaviours, and physiological 

functions. While their physical effects are 

under-researched, they're popular for home 

fragrance, cosmetics, and as potential eco-

friendly mosquito repellents. Studies suggest 

certain oils like citronella may deter 

mosquitoes, with industrial potential in food 

preservation. Essential oils have potential 

therapeutic benefits in treating various 

health conditions, but their efficacy remains 

limited. Aromatherapy has shown promise 

for stress and anxiety, but blinded studies 

due to scent biases have led to inconclusive 

reviews. Peppermint and lavender oil use 

have shown relief for headaches and 

migraines, while lavender oil has shown 

positive effects for sleep improvement.  
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Test-tube and animal studies suggest 

essential oils have potential anti-

inflammatory properties, but human 

research is limited. Further research is 

needed to determine their clinical 

applicability. Essential oils, often considered 

safe due to their natural origin, can pose 

health risks, especially for vulnerable 

populations like pregnant women, children, 

and pets. Common side effects include skin 

rashes, asthma attacks, headaches, and 

allergic reactions. High-phenol essential oils 

like cinnamon can cause skin irritation and 

can increase skin sensitivity to sunlight. 

Ingesting essential oils is not recommended 

due to potential harm.Selecting the right 

essential oils can be challenging due to lack 

of universal standards and regulation. To 

ensure high-quality oils, consider purity, 

minimal extraction process, and reputable 

brands. Choose oils with botanical names, 

minimal alteration, and a track record of 

producing high-quality products to maintain 

their integrity. 
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ववलुवि की कगार पर सोन विविया 
 

सौरभ दबु,े ऄववरल ऄसैया एव ंदर्शन के.  
 

वन सुरक्षा प्रभाग 

ईष्ण कटिबंधीय वन ऄनुसंधान संस्थान, जबलपुर, (म. प्र.) 

 

गे्रि आंवियन बस्ििश या सोन विविया, भारि िथा 

सीमाविी पाककस्िान में पाया जान े वाला एक 

र्ानदार पक्षी हैं। आसका वैज्ञावनक नाम 

अिीऔटिस वनवग्रसेप्स (Ardeotis nigriceps) 

हैं। भारि में आसे ऄलग – ऄलग नामों जैस े- सोन 

या सोहन विविया, सोन विरैया, बड़ा विलोर, 

मल्धोक, हुकना िथा घोराि अकद से जाना जािा 

हैं। गुराशन े जैसी ध्ववन वनकालन े के कारण आसे 

गुरायन  या गुरावयन भी कहााँ जािा हैं। राजस्थान 

में आसे गोिावण कहि ेहैं, िथा आसे राजस्थान के 

राज्य पक्षी होन े का दजाश प्राि हैं।  

 

दरे् में सोन विविया  राजस्थान, गुजराि, मध्य 

प्रदरे्, महाराष्ट्र, हटरयाणा, कनाशिक, अन्ध्र प्रदरे्, 

ईिीसा अकद राज्यों  के रु्ष्क िथा ऄधशरु्ष्क 

भागों के घास के मैदानों     मे वविरण करिी थी, 

लेककन अज यह केवल मुख्य रुप स े राजस्थान 

राज्य के ऄलावा  गुजराि,  महाराष्ट्र,  

अंरप्रदरे्, िथा   कनाशिक में कुछ एक की अबादी 

के साथ रे्ि बिी हुइ हैं। भारिीय वन्ध्यजीव 

संरक्षण ऄवधवनयम 1972 के ऄनुसूिी 1 के िहि 

यह संरवक्षि प्रजावि ह ैिथा IUCN  की रेि ििेा 

बुक में आसे गंभीर संकिग्रस्थ प्रजावि के रुप दजश 

ककया गया हैं। गे्रि आंवियन बस्ििश कभी भारि के 

राष्ट्रीय पक्षी बनन ेकी दौि मे थी, पर अज ऄपने 

ऄवस्ित्व की लड़ाइ लड़ रही हैं। आनके रहवास के 

आलाकों में हो रह ेमानवीकृि बदलाव व ऄत्यवधक 

दखल के िलि ेअज यह प्रजावि ऄपने ऄवस्ित्व के 

वलये संघिश कर रही हैं। 

र्ारीटरक संरिना 

स्वभाव से र्मीली परंि ु सिकश , सोन विविया  

सामान्ध्य िौर पर यह घास के मैदानों व रु्ष्क 

एकांि आलाको मे वविरण करिी ह।ै आसकी सुनन े

की क्षमिा ऄच्छी होिी हैं, जो आन्ध्हें घास के 

मैदानों के संभाववि खिरे से बिने में सहायिा 

करिी हैं । सुंदर र्ारीटरक बनावि वाल े आन 

पवक्षयों के  वसर िथा माथे पर काल े रंग का 

वनर्ान होिा हैं । लम्बी गदशन पर  पंख  हल्के 

सफेदी वलय े हुये होि े हैं और सीन े पर काली 

पट्टीनुमा रेखा होिी हैं। नरों की ऄपेक्षा मादाओं के 

सीन ेपर यह काली पट्टी वबखरी हुइ ऄथवा नही 

होिी हैं िथा गदशन का रंग भी नरो की िुलना में 

गहरा होिा हैं। सोन विविया  का  र्रीर गहरे भूरे 

रंग का िथा पंख  काले, स्लेिी रंग के व ईनमें 

सफेद रंग के वनर्ान होि ेहैं। आनके पैर लम्बे होि े

हैं, वजसस ेये मैदानों  में ऄच्छी िरह से िल िथा 

दौि सकि ेहैं। आसकी उिाइ लगभग 1 मीिर िथा 

वजन 10 से 15 ककलोग्राम िक होिा हैं। यह ईड़ने 

वाल ेपवक्षयों में यह सबस ेभारी पवक्षयों मे से एक 
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होिा ह।ै नर, मादा पवक्षयों के मुकाबल े ऄवधक 

वजनी िथा लम्बें होि ेहैं।  

अहार 

सोन विविया सवाशहारी होिी ह ैिथा यह भोजन 

के रुप मे ऄनाज, जंगली फल, घास के बीज, कीि - 

पिंगे, वछपकली, िूह ेऔर टिड्डे जैसे छोिे जंिुओं 

को खािे हैं। आनके वनवास स्थलों के अस – पास के 

खेिों में बुवाइ के समय ये ईनस ेवववभन्न प्रकार का 

ऄनाज जैसें – गेहुाँ, ज्वार, मूाँगफली व फवलयााँ 

अकद को खाि ेहैं। रु्ष्क क्षेत्रों मे रहन ेके कारण य े

पानी की कमी होने पर भी असानी स ेवनवाशह कर 

लेिे हैं। 

प्रजनन संबंधी व्यवहार 

सोन विविया मािश से वसिम्बर माह में प्रजनन 

करिी हैं। प्रजनन काल में मादाओं को टरझानें नर 

पक्षी ऄपने वसर पर काले वनर्ान वाल े पंखो को 

फैलाकर  िथा गले की थैली को फुलाकर गंूजिी 

हुइ िेज अवाज करि ेहैं। यह अवाज मादाओं को 

नरों के प्रणय प्रदर्शन की सूिना दनेे के वलये होिी 

हैं। नर आस प्रदशर्न के दौरान नर ऄपनी  गदशन को 

पीठ की िरफ झुकाकर, पूाँछ को उपर की ओर 

ईठाकर अवाजें वनकालिा हैं।  

यह प्रदशर्न कुछ घंिो िक िल सकिा हैं। ऄपने 

प्रविद्वदंी ऄन्ध्य नरों को मादाओं के वलये मुकाबला 

होन े पर ये ईनस े झगिा करन े स े भी पीछे नही 

हििे। मादा द्वारा नर का िुनाव कर लेने व ईसस े

जोिा बनाकर वमलन कर लेने के बाद वह ऄण्िा 

दिेी हैं, वजसको सेन ेस ेलेकर िूजे को पालने का 

काम वह ऄकेले ही करिी हैं। नर वमलन के बाद 

ऄन्ध्य मादाओं स ेभी वमलन करि ेहैं। सामान्ध्य िौर 

पर नर ऄपना आलाका िय कर लेिे हैं िथा प्रजनन 

के मौसम मे वही रहि ेहैं, िथा मादायें एक नर के 

आलाके से दसूरे नर के आलाके में घूमिी रहिी हैं। 

ववलुवि के कारण 

अज भी ऄक्सर भारि के वहन्ध्दीभािी राज्यों में  

मािा – वपिा व पटरवार के बि े– बुजुगश घर की 

लिककयों को प्यार से सोन विरैया कहकर दलुारि े

हैं, पर जहााँ सोन विविया ने  ऄपने नाम के कारण 

प्यार -  दलुार में  ऄपनी जगह बनाइ वही यह 

र्ानदार पक्षी ऄपने नाम के ही िलि ेसंकि में भी 

अया। नाम मे सोन (स्वणश) र्ब्द अ जान े के 

कारण वववभन्न प्रकार के ऄंधववश्वासो के िलि े

कइ बार ग्रामीण आसके  ऄण्िे वमलने पर ईसे ऄपन े

साथ ले अि ेथ ेऔर ऄण्िे से पक्षी बनन ेका कभी 

मौका नही वमल पािा था। मााँस के वलये ककया 

जान ेवाला ऄवैध वर्कार भी आनकी जनसंख्या में 

अयी भारी कमी का एक कारण हैं।   

घास के मैदान वजन पर कभी यह  र्ानदार पक्षी 

रहा करिा था, वे मैदान ऄब मानव अबादी के 

बढ़िे दवाब के िलि ेवसकुिने लगे हैं। आन मैदानों 

कक िरफ बढ़िे गााँव, खेि, सिकें  िथा व्यापाटरक 

वृक्षारोपण धीरे – धीरे   आनकी जगह लेिे जा रह े

हैं, वजसस े पटरअवास में ऄवांवक्षि बदलाव हो 

रहा हैं िथा आन्ध्हें अहार व रहवास अकद की 

समस्या हो रही हैं।  

सोन विविया जमीन पर घोंसला बनािी हैं िथा 

मादा विश में एक बार में केवल एक ही ऄण्िा दिेी 

हैं और यकद वह ककसी कारण से नष्ट हो जाये िो 

वह ऄगले प्रजनन काल िक ऄण्िा नही दिेी हैं। 

जमीन पर ऄण्िे दनेे के कारण परु् िराइ के समय 

मवेवर्यों के पैरों से कुिलकर आसके ऄण्ि े फूि 
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जाि ेहैं या कभी – कभी अवारा कुत्ते आनके ऄण्ि े

और िूजों का वर्कार कर लेि ेहैं।   

वजन रु्ष्क खुल े हुये घास के मैदानी भाग व 

मरुस्थल आनके अवास हैं, वही क्षेत्र पवन व सौर 

उजाश स ेवबजली बनाने के वलये भी ईपयुक्त हैं। आन 

आलाको में ही सौर व पवन उजाश स ेवबजली बनान े

के सोलर पैनल िथा ववद्युि सप्लाइ के वलये िारो 

को लगाया गया हैं । िारों की िपेि में अ जान ेके 

कारण यह र्ानदार और ववलुि होिा पक्षी ऄपनी 

जान गवा बैठिा हैं और मरिे हुय े हर पक्षी के 

साथ ईसकी अबादी को बिान े में लगे लोगो व 

संस्थाओं के प्रयासो को न केवल जोरदार झिका 

लगिा हैं, बवल्क ईनको अबादी को ववलुवि की 

कगार स ेबाहर लाने ईम्मीद भी कम होन ेलगिी 

हैं। 

संरक्षण के प्रयास 

हम यकद िाहि ेहैं, कक वजस प्रकार भारिीय िीिा 

ववलुि हो गया, कहीं ईसी प्रकार सोन विविया 

भी केवल ककस्से कहावनयों में वसमिकर न रह 

जाये िो हम सबको वमलकर आनके संरक्षण के वलये 

साथशक प्रयास करन ेहोंगे। सोन विविया के संरक्षण 

को लेकर वववभन्न सरकारी िथा गैर सरकारी 

संस्थायें, पयाशवरणववद,् ग्राम समूह अकद कायश कर 

रह ेहैं। नेर्नल बस्ििश टरकवरी प्लान िथा प्रजावि  

कायशक्रम के िहि आनको ववलुवि स े बिाने का 

प्रयास हो रहा हैं। आनके संरक्षण के वलये वववभन्न 

राज्यों में आनके रहवास वाल ेभागों को वन्ध्यजीव 

ऄभ्यारण्य व राष्ट्रीय ईद्यान के रुप में अरवक्षि 

ककया गया हैं। राजस्थान राज्य की मरूभूवम में 

वस्थि िजेिश नेर्नल पाकश , जो आनकी छोिी सी 

प्रजनन योग्य अबादी को संजोय े हुय े हैं। यह  

3162 वगश  ककलोमीिर के क्षेत्र में फैला हैं। सोन 

विविया आस नेर्नल पाकश  में ववलुि होि े वगद्धों 

की प्रजावियों और मेकक्वीन बस्ििश (प्रवास  के 

समय पर) अकद दलुशभ जीवों के साथ ऄपना 

आलाका साझा करिी हैं, परंिु बढ़िी जनसंख्या, 

परु् िराइ, सोलर उजाश संयत्र, वबजली के िार 

िथा ऄन्ध्य ववकास के कायो का ववपरीि प्रभाव  

का  स्पष्ट ऄसर आनकी अबादी पर  कदखाइ पि 

रहा हैं। राज्य में रु्रु ककया गया   प्रोजेक्ि गे्रि 

आंवियन बस्ििश भी आनके संरक्षण की िरफ ईठाया 

एक महत्त्वपूणश   कदम हैं। आसी क्रम में मध्य प्रदरे् 

का करेरा वन्ध्यजीव ऄभ्यारण्य आनके संरक्षण के 

वलये बनाया गया था परंि ु   ऄब वहााँ विो स े

ककसी सोनविविया को नही दखेा गया हैं। राज्य 

का ही एक ऄन्ध्य वन्ध्यजीव  ऄभ्यारण्य वजस े

घािीगााँव के नाम स े जानि े हैं, ईसमें सोन 

विविया की अबादी को बढ़ाने के वलये प्रयास 

ककये जा रह ेहैं। महाराष्ट्र में नन्नाज घास मैदान, 

गुजराि में नवलया िथा गागा वन्ध्यजीव 

ऄभयारण्य, अन्ध्रप्रदरे् में रोलापिू, अकद  

ऄभ्यारण्य बनाये गये हैं। 

वाआल्ि  लाआफ आंस्िीट्यूि ऑफ आंविया के 

वैज्ञावनको  द्वारा आनके ऄण्िो को लेकर 

प्रयोगर्ाला में ले जाया गया िथा ईनस े

सफलिापूवशक िूज े वनकल,े ये िूज े भववष्य के  

प्रजनन कायशक्रम में महत्तवपूणश योगदान वनभायेंगे। 

आनके रहवास स्थलों पर हाइ वोल्िेज वबजली 

सप्लाइ के वलये उाँ िे – उाँ िे िार लगे हुय े हैं, 

वजनस ेराि के समय यकद यह पक्षी ईिान भरिा 

हैं, िो वह ईन िारो को ऄंधेरे में न दखे पाने के 
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कारण ईनस ेिकराकर मारा जािा हैं। आस समस्या 

को रोकन ेके ईपाय के प्रयोग के िौर पर जैसलमेर 

में वबजली के िारों पर बिश िायविशर लगाये गय े

हैं, जो राि मे िमकि ेह।ै अर्ा यह की जािी ह,ै 

कक जब पक्षी आन िमकदार िायविशर को दखेेंगा, 

िो वह आनस ेबिकर ईिान भरेगा िथा वबजली के 

िारों स े िकराकर होन े वाली सोन विविया की 

मृत्यु को काफी हद िक िाला जा सकेगा । हाइ 

वोल्िेज वबजली के िारों को ऄंिरग्राईंि करन ेकी 

योजना पर िास्कफोसश का गठन ककया गया हैं। 

संदभश 

छायावित्र – श्री राधेश्याम ववर्नोइ, (वन्ध्यजीव 

फोिोग्राफर एवं संरक्षणकिाश), जैसलमेर, 
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Introduction 

In the quest for sustainable agricultural 

practices, fruit-forage intercropped 

systems (hortipastoral systems) are 

emerging as a promising solution. By 

integrating horticulture and pastoral 

activities, these systems offer a unique 

opportunity to enhance forage availability 

while providing a host of environmental 

benefits. Hortipastoral systems combine 

the cultivation of fruit trees with livestock 

grazing on the same land. The significance 

of horticulture in enhancing land 

productivity, generating employment, 

improving the economic conditions of 

farmers and entrepreneurs, boosting 

exports, and providing nutritional security 

cannot be overstated. The production 

potential of Indian livestock, particularly 

in the Himalayan regions, is significantly 

below global averages, often 50-60% less. 

The primary factor limiting livestock 

productivity is the inadequate availability 

of quality feed. High-yielding and 

nutritious fodder is crucial for the 

scientific and economic management of 

livestock, especially crossbred animals. 

However, fodder cultivation has remained 

stagnant, with only about 4% of arable 

land dedicated to fodder production. There 

is a severe shortage of fodder, particularly 

green and nutritious fodder, which is a 

major cause of low livestock productivity, 

especially in hilly areas. In animal 

husbandry, 65-75% of expenditure is on 

feeds and fodder. The deficit in fodder 

availability varies across different regions. 

For example, green fodder availability in 

the Western Himalayan, Upper Gangetic 

Plains, and Eastern Plateau and Hilly 

Zones is more than 60% of the actual 

requirement. In the Trans-Gangetic Plains, 

feed availability ranges from 40% to 60%, 

while in other regions, it is below 40%. 

For dry fodder, availability is over 60% in 

the Eastern Himalayan, Middle Gangetic 

Plains, Upper Gangetic Plains, East Coast 

Plains, and Hilly Zones. In the Trans-

Gangetic Plains, Eastern Plateau and Hills, 

and Central Plateau and Hills, availability 

ranges from 40% to 60%, whereas it is 

below 40% in the remaining zones. 

With the increasing human population, 

arable land is primarily used for food and 

cash crops, leaving little room for quality 

fodder production. Among fruit tree-based 

agroforestry systems, hortipastoral systems 

have been recognized as a sustainable land 

use option due to their high productivity 

and environmental benefits, even in fragile 

agro-ecosystems. This integrated approach 

leverages the strengths of both horticulture 

and pastoral farming, creating a mutually 

beneficial relationship that enhances 

productivity and sustainability. 

Enhancing fodder production through 

hortipastoral systems 
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Integrating fodder grasses and legumes 

into agroforestry systems is a crucial 

strategy for boosting fodder production. 

Intercropping perennial forage grasses and 

legumes with fruit crops significantly 

enhances both forage and fruit yields. 

Hortipastoral systems, which combine 

orchards, pastures, and livestock, utilize 

the interspaces between fruit trees for 

cultivating grasses and grass-legume 

mixtures. This approach is particularly 

vital due to population growth, poor 

grassland productivity, and a forage supply 

deficit, alongside farmers' inability to 

allocate cultivated land solely for forage 

production. 

The initial slow growth of fruit trees leaves 

interspaces underutilized and prone to 

weeds, complicating orchard management. 

Incorporating pastures in these spaces not 

only boosts profitability but also improves 

orchard floor management. Annual crops 

in the alleys can decrease soil organic 

matter and increase erosion, especially on 

slopes. In contrast, perennial crops 

maintain continuous soil cover, enhance 

water infiltration, reduce erosion, and 

improve soil quality. Thus, planting 

perennial forage species in alleys protects 

soil resources and provides income during 

orchard establishment. 

Grass-legume intercropping in 

hortipastoral systems increases biomass 

production and provides high-quality, 

protein-rich forage, improving milk 

production and animal health. Legumes, 

which retain quality better than grasses 

even at maturity, enrich forage value and 

add necessary nitrogen to the soil. 

Utilizing interspaces in horticultural tree 

plantations is a key strategy for 

augmenting forage resource availability in 

response to population pressure, grassland 

productivity challenges, and forage supply 

deficits. 

 
Phalaris grass + Almond hortipastoral system (Green fodder yield: 40-45 t/ha) 
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Orchard grass + Red clover in an apple orchard (Green fodder yield: 30-35 t/ha) 

 

Table 1. Suitable fruit and fodder crops for different rainfall regimes (tropical and 

subtropical regions) Source: Khan et al., 2009 

Rainfall (mm) 

Zones 

Fruit crops (cultivars) Forage crops  

< 350 Zizyphus mauritiana (Seb, Gola, 

Mundia), Capparis decidua, Salvoda 

oleides, Cordia myxa 

Cenchrus ciliaris, Cenchrus 

setigerus, Sehima nervosum, 

Stylosanthus scabra, Clitorea 

ternatea 

350-500 Zizyphus mauritiana (Seb, Gola, 

Mundia, Bagwadi, Katha), Emblica 

officinalis (Banarsi, Chakaiya, 

Hathijhool), Morus alba, Syzigium 

cuminii, Manilkara hexandra 

Panicum antidotale, 

Dicanthium annulatum, 

Stylosanthus hamata, 

Pennisetum pedicellatum 

500-700 Aegle marmelos (Faizabad selection), 

Emblica officinalis, Mangifera indica 

(Chausa, local cultivars, Safeda, 

Bombay green), Citrus aurantifolia, 

Annona squamosa (Balanagar, 

Washington, Mammoth) 

Chloris gayana, Chrysopogon 

fulvus, Stylosanthus hamata, 

Panicum maximum 

>700 Mangifera indica, Punica granatum 

(Jodhpur red, Jailor seedless), Psidium 

guajava (Allahabad safeda, L-49), 

Dicanthium annulatum, 

Panicum maximum, BN 

hybrid 
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Tamarindus indica, Emblica 

officinalis (NA-6., NA-7) 

 

Table 2. Suitable fruit and forage crops for different zones in North western Himalayan 

region (Ahmad et al., 2017) 

Zone Fruit crops Forage grasses Forage legumes 

Temperate 

zone 

Apple, Almond, 

Pear, Cherry, 

Walnut and 

Apricot 

Dactylis glomerata, Festuca 

arundinacea, Lolium 

perenne, Phleum pratense, 

Bromus unioloides, Phalaris 

spp., Poa pratensis, Lolium 

multiflorum 

Trifolium pratense, T. 

repens, Onobrychis 

viciifolia, Medicago 

sativa, Trifolium 

alexandrinum, Lotus 

corniculatus, 

Intermediate 

zone 

Peach, Plum, 

Apricot, Olive 

and 

pomegranate 

Dactylis glomerata, Festuca 

arundinacea, Lolium 

perenne, Dicanthium 

annulatum, Chloris gayana, 

Chrysopogon fulvus, 

Heteropogon contortus, 

Setaria spp., Avena sativa 

Trifolium alexandrinum, 

Stylosanthus hamata, 

Macroptelium 

atropurpreum, Trifolium 

resupinatum, Medicago 

sativa, Onobrychis 

viciifolia 

Sub-tropical 

zone 

Mango, Citrus, 

Ber, Aonla 

Dicanthium annulatum, 

Chloris gayana, Chrysopogon 

fulvus, Heteropogon 

contortus, Cenchrus ciliaris, 

C. setigerus, Paspalum 

notatum, Avena sativa 

Trifolium alexandrinum, 

Stylosanthus hamata, 

Trifolium resupinatum, 

Medicago sativa 

Cold arid zone Apricot, Apple Festuca arundinacea, Avena 

sativa, Phalaris spp., Dactylis 

glomerata,  

Medicago sativa, 

Medicago falcata, 

Astragalus spp., 

Caragana spp., 

Melilotus officinalis, 

Cicer microphyllum 

 

Environmental benefits from 

hortipastoral systems  

Ecosystem services are the benefits 

provided to humans by transforming 

natural resources—such as land, water, 

vegetation, and the atmosphere—into 

essential goods and services like clean air, 

water, and food. The Millennium 

Ecosystem Assessment framework 

categorizes these services into four types: 

provisioning services (e.g., food and 

water), regulating services (e.g., flood and 

disease control), supporting services (e.g., 

nutrient cycling), and cultural services 

(e.g., spiritual and recreational benefits). 

Hortipastoral systems, which combine 

horticulture and pasture, offer a range of 

these ecosystem services. They provide 

not only provisioning services but also 

regulating and cultural benefits. For 
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example, agricultural regulating services 

include flood control, water quality 

control, carbon storage, climate regulation, 

disease regulation, and waste treatment. A 

significant benefit of hortipastoral systems 

is sustainable orchard floor management, 

which is crucial for tree health, yield, and 

fruit quality. Despite its importance, the 

orchard floor has traditionally received 

less attention than tree horticulture and 

pest management. Standard orchard floor 

management practices typically involve a 

vegetation-free tree row and a grass-

covered alleyway, which effectively limits 

competition from undesirable vegetation 

and creates a favorable environment for 

fruit trees. Orchard cultivation aims to 

maintain soil in a condition that meets the 

needs of the trees with minimal expense. 

Incorporating grasses and legumes in 

hortipastoral systems helps maintain soil 

tilth and fertility, reduce weed 

competition, moderate soil temperature 

and moisture, provide habitat for 

beneficial arthropods, and minimize soil 

erosion. Apple trees, with their low root 

density, are particularly poor competitors 

with other vegetation, making low weed 

competition essential for high productivity. 

The best management practice is to 

integrate perennial forage grasses (tall 

fescue, orchard grass, guinea grass, 

Setaria, Chrysopogon etc) with legumes 

such as red and white clover, sainfoin, 

alfalfa, berseem, cowpea, pea, winter 

vetch, crown vetch, Stylosanthus, 

soyabean etc. Legumes provide additional 

nitrogen in the orchard. Mowing and 

discharging the nitrogen rich plant material 

in the tree row effectively bands the 

nitrogen next to the tree roots. These act as 

living mulches and stabilize the soil 

against erosion and compaction, and 

reduce dust and mud. Forage crops in fruit 

orchards act as cover crops and thus have 

substantial effects on several components 

of agro-ecosystem. They can be used to 

suppress weeds, enhance nutrient 

availability, increase soil organic matter 

and improve soil structure and aggregate 

stability. 

Challenges and opportunities 

Yield and quality of forage in hortipastoral 

systems can be improved by introducing 

high yielding forage grass and legume 

species in suitable mixtures. Managing 

these systems involves selecting the 

appropriate species and maintaining an 

optimal balance between them. To fully 

leverage the synergies of fruit tree-pasture 

associations, various plant species must be 

evaluated under specific soil and climatic 

conditions. Optimizing hortipastoral 

systems by determining the right density 

and spatial arrangement of trees and 

understory species is a complex, long-term 

process that requires practical and 

economic feasibility studies before major 

investments are made. However, 

challenges such as selecting grass-legume 

mixtures that minimize competition, 

avoiding rodent problems, and managing 

vegetation growth without negatively 

affecting fruit yield, quality and storability 

must be addressed. These challenges are 

heightened by climate change, but recent 

advances in estimating the value of 

ecosystem services related to agriculture 

and analysing potential trade-offs and 

synergies offer promising solutions. Future 

research should tackle these challenges in 

spatially and temporally explicit 

frameworks. Developing guidelines for 

managing animal, forage, and tree crops 
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requires a deeper understanding of the 

interactions between these components. 

Since the design and management of these 

systems will vary by location, regional 

testing is crucial before making 

widespread recommendations to farmers. 

Identifying, measuring, and valuing 

ecosystem services, and acknowledging 

their benefits even if they cannot be 

precisely quantified, is vital for the 

advancement of hortipastoral systems. 

Conclusions 

Hortipastoral systems offer a potential 

solution to the increasing demand for both 

fruit and fodder, while also improving the 

overall productivity and sustainability of 

the system. These systems provide 

essential provisioning ecosystem services 

and also support and regulate various other 

ecosystem services. Although maximizing 

provisioning services from agroecosystems 

can lead to trade-offs with other ecosystem 

services, careful management can 

significantly reduce or even eliminate this 

trade-offs. The integration of horticulture 

and pastoral practices holds significant 

promise for the future of sustainable 

agriculture. By maximizing forage 

availability and environmental benefits, 

hortipastoral systems can contribute to 

food security, environmental conservation, 

and rural livelihoods. Embracing the 

synergies in hortipastoral systems could 

well be a transformative step towards a 

more resilient and sustainable agricultural 

landscape. 
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Abstract 

Botanicals act not only as insecticides but 

also function as antifeedants, oviposition 

deterrents and ovicides. The antifeedant 

property of plant extract Clerodendrum 

viscosum, against four test insects (Hyblea 

purea, Tinolius eburneigutta, Eutectona 

machearalis, and Atteva fabricella) at 

different concentrations was done. All 

insect cultures were maintained in a 

growth chamber in the laboratory at a 

temperature of 27 ± 2° C, 12: 12 L:D and 

with 70 ± 5 % RH during the experiments 

and the antifeedant activity observed in the 

plant extract based on the feeding behavior 

of the test insect and arranged in the 

descending order is 

1.0%>0.8%>0.6%>0.4%>0.2%>0.1% 

concentrations and uncontrol. At 1.0 per 

cent concentration found to be the most 

effective and potent antifeedant against 

these leaves‘s feeding insect pest. Efficacy 

of Bee sting bush in bringing down the 

population of test insects was studied in 

the laboratory. 

 

Introduction 

Insect pests are one of the major limiting 

factors in crop production. Synthetic 

organic insecticides have emerged as 

major tools of pest management. However, 

due to indiscriminate use of synthetic 

chemicals, insect pests have developed 

resistance to insecticides. Resurgence of 

secondary pests, reduction in the 

population of natural enemies and harmful 

residues in food, feed and fodder are some 

of the aftermaths of the use of pesticides. 

These concerns have led to the surge of 

alternative pest control technologies by 

which relatively environmentally safe 

pesticides/insecticides solely of biological 

origin are intended to develop. The 

pesticide formulations based on extractives 

from organisms have attracted particular 

attention because of their specificity to 

insect pests, biodegradable nature and a 

potential for commercialization. Over 

2,000 plant species out of about 2,50,000 

have been reported to possess insecticidal 

activity in which only a fraction of them 

are analysed for biocidal properties and 

many more insecticidal plants awaits 

discovery. Tropical forests are rich in 

biodiversity. Native people use various 

plant products for different and specific 

purposes. Many workers recorded use of 

certain plant species by the native people 

for insect repellent, attractant, antifeedant 

and insecticidal activity. On the other 

hand, world over intense efforts is on to 
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identity newer compounds of insecticidal 

properties with novel modes of action. So, 

ICFRE-IFB Hyderabad has studied the 

antifeedant properties of Beesting bush 

against certain leaf feeding insects. 

Methodology 

The extraction was carried out in the 

Soxhlets extraction apparatus. The samples 

containing leaves of the selected plant 

materials were air-dried for 6-7 days. After 

complete drying the plant parts were 

pulverized into powder with the help of 

mixer grinder. The plant material was 

extracted by Soxhlet extraction method 

(Fractional distillation method).  

 

Table 1: List of plant species used in the laboratory evaluation 

 

Table 2: Test insects selected for the study 

Sl. No. Common name Scientific name Family Order 

1 Teak defoliator Hyblaea puera Lepidoptera Hyblaeidae 

2 Teak skeletonizer Eutectona macheralis Lepidoptera Pyalidae 

3 Alianthus web 

worm 

Atteva fabriciella Lepidoptera Attevidae 

4 Soapnut semilooper Tinolius eburneigutta Lepidoptera Noctuidae 

 

Table 3: Solvent used and concentration of stock solutions 

Sl. 

No. 

 Plant extract  Solvent 

used 

Amount of 

extract 

dissolved (gms) 

Volume of 

solvents 

(ml) 

Concentration 

of stock 

solution 

1 Clerodendrum 

viscosum 

Acetone 

 

2 100 20,000 ppm 

 

Table 4:  Preparation of different concentrations of different plant extracts from stock 

solutions of two percent concentration (20,000 ppm) V/V. 

Sl. 

No 

Required 

concentration in 

ppm 

Volume of stock 

solution taken in 

ml 

Volume of 

Acetone used for 

dilution (ml) 

Total volume of 

solution obtained 

(ml) 

1. 1,000 1.25 23.75 25 

Sl. 

No 

Botanical name Vernacular name 

 

Telugu name Family Plant 

part 

used 

1 Clerodendrum 

viscosum 

Hill glory Gurrapu Lamiaceae Leaf 
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2. 

3. 

4. 

5. 

6. 

7. 

2,000 

4,000 

6,000 

8,000 

10,000 

12,000 

2.50 

5.00 

7.50 

10.00 

12.50 

15.00 

22.50 

20.00 

17.50 

15.00 

12.50 

10.00 

25 

25 

25 

25 

25 

25 

 

Fig: Plant processing for extraction 

Results 

Regarding the unconsumed treated leaf 

feed, there exist significant differences 

between the treatments and the untreated 

control and also between the treatments. 

Highest leaf feed was left over in the 

Clerodendrum viscosum treatment of 1.0 

percent, while lowest quantity of leaf feed 

was left over in the untreated control 

followed by treatment of 0.1 percent 

concentration.  
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Conclusion 

Among the plant extracts tested against H. 

purea larvae, 1.0 percent Clerodendrum 

viscosum showed highest antifeedant 

activity. Thus it is concluded that the 

degree of antifeedant activity of different 

plant extracts  varied from insect to insect, 

hence depending upon the pest problem 

and a particular type of extract has to be 

applied for effective control of the pest. 
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It has been shown in TV serials that Lord 

'Shri Krishna' ate curd from the bowl-shaped 

leaves of a tree in his childhood. To honor 

Lord Krishna who‘s one of the most 

powerful incarnations of Vishnu, this tree is 

known as Ficus krishnae. Also in the 

famous epic ―Bhagavad Gita‖ Krishna says 

―I am the Peepal tree among trees‖ which 

emphasizes the importance of the genus 

Ficus in religious countries like India. 

Undoubtedly, India is a country rich in 

animal and plant biodiversity. It is the 

variety and variations among different plants 

and animals that is responsible for the 

beauty of the natural world. It should be 

noted, however, that these variations are not 

just interesting among animals, but also for 

plants as well. Although it is not surprising 

for everyone to have variations across 

different plant genera, the differences within 

genera are quite striking. 

One day a friend of mine and I went for a 

morning walk and he asked me in the same 

manner whether there is any plant genus in 

which there is tremendous diversity, such as 

herbs, shrubs, climbers and trees. 

As part of my Ph.D. work, I remembered the 

name Ficus, a genus in the Moraceae family. 

While walking with him in the campus of 

Forest Research Institute, Dehradun, I 

showed him variations within the genus 

'Ficus.' There is an amazing diversity in 

growth forms of plants which includes shrub 

(Ficus squamosa), climbers/lianas (Ficus 

pumila and Ficus hederacea), small trees 

(Ficus carica, Ficus arnottiana) and very 

large trees (Ficus virens, Ficus drupacea, 

Ficus pomifera etc.). It's surprising that 

some of these large plants are free-living 

and others grow epiphytically on other trees. 

It was a pleasure to talk to him about the 

beauty of plants and the versatile genus 

Ficus. Plants are truly a gift by God to 

humanity. Ficus (or Figs) is the genus of 

those plants, which have a social, cultural, 

ethno-medicinal and religious significance 

in all three major religions of the world viz. 

Hinduism, Buddhism, and Jainism 

originated on the Indian subcontinent. In 

addition to the religious significance of 

Ficus krishnae 
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various species of the genus Ficus, ethno-

medicinal importance is also well known in 

India. Owing to the above facts, the fig 

species can be seen in the vicinity of almost 

all major temples and is regularly worshiped 

and regarded as the trees of life.  

After listening about the beauty of Ficus, he 

said to me; yes, I know about the Peepal (F. 

religiosa) and the banyan (F. benghalensis) 

plants of genus Ficus. As you are pursuing 

your work in wood anatomy of family 

Moraceae, I just want to know about 

whether the wood microstructure of this 

genus varies or whether the anatomy of the 

plants remains conserved. I was also curious 

to know if this is a true statement or if the 

wood anatomy changes with the changes in 

plant habits. After the sun had come up, I 

told him that I would answer the question 

you asked. Now it would be time to go to 

the hostel. 

As I returned, I kept thinking about how to 

collect the wood from these different growth 

forms of Ficus for study of their 

microstructure. These distinct growth forms 

within the same genus make it unique 

among all the genera in the family 

Moraceae.  

To evaluate the effect of varying degree of 

diversification of habits on wood 

microstructure within the same genus of ten 

species of genus Ficus were collected from 

the Forest Research Institute campus and 

nearby area of district Dehradun, 

Uttarakhand, India. The prominent goal in 

collection of these ten species was to cover 

all the growth forms of Ficus. Among ten 

collected species, two are climbers (Ficus 

pumila and Ficus hederacea), one shrub 

(Ficus squamosa), three small trees (Ficus 

carica, Ficus arnottiana and Ficus 

sarmentosa) and 4 large trees (Ficus virens, 

Ficus pomifera, Ficus krishnae and Ficus 

drupacea). In order to authenticate the 

collected wood samples, the dried plant 

specimens of the same tree were submitted 

to the Dehradun Herbarium. 

 

 

 

 

 

 

 

 

 

 

The diagrammatic illustrations show the 

complete process from collection of wood 

samples, section cutting with the help of a 

microtome to observing characteristics from 

three sections; transverse, radial longitudinal 

and tangential longitudinal sections under 

microscope. To record the quantitative and 

qualitative wood microstructure, the 

terminology given by the International 

Association of Wood Anatomists (IAWA, 

1989) for hardwood identification was 

followed and descriptions were followed 

accordingly. 

After making permanent slides, we have 

recognized the wood anatomical variations 

among the different growth forms of genus 

Ficus. Anatomically, this genus is also 

unique; among its all growth forms some of 

its anatomical characters are similar which 

include axial parenchyma in bands, 

prismatic crystals, rays multiseriate 4-10 
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seriate with few numbers of 1-3 seriate with 

some striking characters. 

As for the anatomy of climbers, I remember 

my childhood memories; my grandfather 

always said that if someone gets all the 

success without doing anything, then why 

would they work hard? The same inference 

was drawn from present study and the 

saying words of ‗dadaji’ holds true in wood 

microstructures of 'climbers' habit of genus 

Ficus which grow in support with other 

plants, and do not need to develop their fibre 

tissues for mechanical support. Climbers 

invest more in their conductive tissues. 

Climbers have relatively large-diameter 

vessels and a high proportion of the cross 

section devoted to vessel lumen and 

parenchyma compared to self-supporters. As 

a result, climbers have a less developed fibre 

component, but they require some other 

tissue for mechanical support. As climbers 

grow with support of other trees over long 

distances, their storied axial parenchyma 

provides strength. 

 

From shrubs to large trees, vessel tissue 

proportion decreases, as shown in the cross 

sections (10x) of different habits and graphs 

of different fig species; however, in climbers 

(F. pumila and F. hederacea), the vessel‘s 

frequency is extremely higher with radial 

multiples that cover a wide area, more than 

60 % of the cross section of the wood. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Axial parenchyma has bands more than four 

cells wide in shrubs, small trees, and large 

trees, but in climbers there are narrow bands 

due to high vessel components. 

Additionally, climbers have a much longer 

ray than other habits which may help in 

lateral food translocation within stem. 

 

 

 

As I arrived at some interesting conclusions, 

I discussed all the findings with my 

Supervisor. As I am working on wood 

anatomy and systematics of family 

Moraceae it is fortunate for me to add this 

 

 

 

Storied 

parenchyma 

 

Vessel frequency in different growth forms of Ficus 
(Climber>Shrub>Small tree>Large tree) 
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effect of habits on the wood anatomy of 

trees in my final Ph.D. thesis.   

 

My supervisor added her vision of 

experience and stated that ―to increase 

vessel dimensions the climbers also 

increases fibre lumen‖ and also within 

climber species, mechanical development is 

less developed because they grow with 

support of other trees but long distance 

water transport requires more hydraulic 

development. My study also proves this 

statement.  

After some time I met my Friend, told him 

about the interesting findings of the wood 

anatomical variations due to different 

growth forms. Although in previous 

literatures the genus Ficus is homogenous in 

their wood anatomy. But this is the pioneer 

work on the anatomical variations among 

different habits within a genus Ficus. 

Conclusion 

This study concluded that ―In climbers, 

mechanical development is less developed 

because they growing with support of other 

trees but long distance water transport 

require more hydraulic development as 

compare to free-living‖ trees. 

Future prospect 

The present research concludes that wood 

microstructure is a conservative science that 

is susceptible to quantitative variations 

caused by habits, climate, and 

environmental factors. Finally the genus 

Ficus shows versatility not only in their 

habits but also in their wood microstructure. 

It would be interesting for me if further 

works on the other aspects such as in shrubs, 

climbers and trees what anatomical 

features/characteristics make it shrub, 

climber or trees? 
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Introduction 

Wood is an important natural resource. In a 

developing country like India, on the one 

end of the spectrum, fuelwood continues to 

be the primary source of energy for millions 

of (mostly rural) citizens, while on other end 

of the spectrum, a healthy GDP growth rate 

ensures that a bourgeoning middle class 

craved for the most modern of wooden 

utilities, from modular kitchens to the latest 

designs in furniture.Indian forests cannot 

douse this hunger for wood.To cater to the 

rising demand, India requires making 

sustainable use of its vast and underutilized 

land resources, available in the form of 

cultivable wastelands, fallow lands and 

much of the agricultural land available with 

the farmers for farm forestry. The 

productivity of Indian forests is already 

much lower than the world average, owing 

to deterioration of forest lands over the 

decades due to myriad anthropogenic 

factors. The potential of TOF (Tree outside 

forestry) is also severely underutilized in 

terms of timber production.   

Production in India  

The growing stock of TOF has remained 

almost static across recent decades, so it can 

be assumed that timber production from 

TOF has also remained static or grown 

marginally—considering a marginal growth 

of 25 million cum in the 2019 assessment 

over the 2015 assessment (TOF growing 

stock in 2015 was 1,573 million cum)
1
.  

Timber production from TOF is almost 14 

times that from forests nearly two-thirds of 

which come from Forest Development 

Corporations (FDCs). In addition, we have 

5.38 million cum of annual bamboo 

production, which is also used as a substitute 

for timber and in the cottage industry.  

According to the FAO‘s 2020 report on 

Global Forest Assessment, the total wood 

extracted in India in 2017 was 434.77 

million cum, out of which the fuelwood 

volume was 385.25 million cum or 231.15 

million tonnes. 

Annual estimated wood production in India (in million cum) 

Annual estimated wood products Million cum 

Estimated production of timber from forests (excluding FDCs) 1.205 

Timber production from Forest Development Corporations (FDCs) 1.97 

Annual production of timber from TOF 44.34 

Bamboo production in India 5.38 

Imports (All timber and allied products in 2015) 18.01 
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Fuelwood production 385.25 

 Total timber production (excluding fuelwood) 456.15 

 

Timber production from forests 

Indian forests are vulnerable to fires, illegal 

grazing and overexploitation. Changing land 

use patterns are nibbling away at their 

already fragile edges. A 1996 Supreme 

Court judgment banning felling may have 

been necessary, but led to further decline in 

forest productivity. At only 0.045 cum per 

hectare a year, the productivity of Indian 

forests is paltry compared to the world 

average of 2.1 cum per year. To make 

matters worse, India only has 0.06 ha per 

capita forest area, while the world average is 

0.6 ha. The average annual production of 

timber by Forest Development Corporations 

(FDCs) is 1.97 million cum, and makes up a 

significant part of the total from forests 

(3.175 million cum). FDCs have not been 

able to fulfil the dream of raising the 

productivity of Indian forests. At 0.77 cum 

per ha, their annual productivity does not 

compare with that of TOF (3.06 cum per 

ha). 

 

Wood production from state FDCs 

Average volume of wood produced/harvested (in cum per year) 

 
TOTAL PRODUCTION= 1,969,854cum 
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Timber production from TOF 

In India, TOF are defined as ‗all trees growing outside recorded forest areas‘. TOF provide the 

meat of India‘s timber needs, and agroforestry and farm forestry are the backbone of TOF. In 

2010, 44.34 million cum of wood was available from TOF in India. 

 

State-wise annual production of timber from forests and TOF 

 
Agroforestry and farm forestry 

 As per a 2019 estimate by FSI, 

the total tree cover under 

agroforestry systems is 111,554 

km
2
 i.e., 3.39 per cent of the 

TGA of India. In terms of 

volume, the major species under 

agroforestry systems in India are 

Mangiferaindica, followed by 

Azadirachtaindica, 

Borassusflabelliformis, 

Madhucalatifolia and 

Cocosnucifera.  In terms of 

geographical spread, the major 

species of trees are Teak and 

Eucalyptus, Poplar, Casuarina 

and Leucaenaleucocephala.  

 The agroforestry sector has been 

fulfilling most of the wood as 

well as fuelwood demands in 
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India (Plywood: 80 per cent, 

Paper: 60 per cent).
 2

 

 Over the decades, market saturation, 

farmers not being paid remunerative 

prices by the paper mills, and legal 

restrictions on the transport and sale 

of wood have doused the initial 

enthusiasm. If farm forestry is to be 

revived to feed the growing timber 

hunger of Indian industry, dishonest 

middlemen need to be weeded out 

and the legal processes involved in 

the growing, sale and transport of 

wood need to be smoothened. 

Species-wise volume of trees and number of stems under agroforestry systems in India 

 
Source: India State of Forest Report, FSI, 2013 

Bamboo 

Bamboo is a valuable forest resource with 

immense potential as it grows fast and 

supports local economies. India has great 

potential to bend it like bamboo, but is held 

back by problems, including those in its 

value chains, regulatory and legislative 

barriers to cultivation and harvesting of 

bamboo, difficulties in its procurement, lack 

of technical knowledge among the primary 

users of bamboo, and insufficient market 

linkages. In addition, different regulatory 

bodies do not seem to have a unified view 

on whether bamboo is a ‗tree‘ or a ‗minor 

forest produce‘. Better definitions, and 

smoother laws, can help India spread a 

prosperous canvas over its flourishing tall 

bamboo. Production of bamboo in india is 

given below. 

 Number of culms in India = 23,297 

 Green sound = 79% 

 Bamboo growing on private lands = 

15.4% 

 Dry sound = 16% 

 Decayed = 5% 

 Annual production = 3.23MT 

Imports (Timber and allied products)  
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India is a net importer of timber and allied 

products. In 2019, India imported an 

estimated 18.01 million cum of timber, 

pulpwood and allied products worth US 

$6,701.3 million, which included wood logs, 

panel and plywood, pulpwood, paper, 

furniture and other wooden products. Under 

all categories of timber, wood logs and 

paper constitute the major part of Indian 

wood imports
3
. 

Wood consumption 

In its 2019 assessment, FSI has provided the 

estimates of consumption of timber in only 

three sectors (in non-fuelwood categories)—

housing, furniture and agricultural 

implements. 

 Adding all categories, the total estimated 

wood consumption (excluding fuelwood) in 

India comes to about 69 million cum per 

year. This may be a gross underestimation, 

considering that a large share of wood 

markets, especially panel and plywood, and 

furniture markets, are fairly unorganized, 

and no official estimates are available for 

the same. 

Fuel wood alone amounts to approximately 

90 percent total wood production in India. It 

is still the dominant energy source in rural 

India, which indicates the paucity of 

alternatives in the countryside. 

Annual estimated wood consumption in India (in million cum) 

Annual estimated consumption million cum 

Construction, furniture and agricultural implements (RWE) 48 

Plywood and panel 8.47 

Paper, paperboard and newsprint 12.52 

Fuel wood 33.33 

Total annual wood consumption 402 

Total annual timber consumption 69 

Exports (Timber and allied products)  

Paper and paperboard, and furniture are the 

categories in which India exports most of its 

timber products. Indian exports of wood 

logs from 2001 to 2015 have been extremely 

low in comparison with its imports under the 

same category, except in 2015, when India 

imported over two million cum of 

confiscated Red Sanders wood worth $80 

million. 

Projections of future growth 

 From 2001 to 2015, the total imports of 

timber by India has steadily increased by an 

average of 0.9 million cum. If the imports 

increase at the same rate for the next 15 

years, India‘s imports in 2020, 2025 and 

2030 are projected to be 22.51, 27.01 and 

31.5 million cum, respectively.
4
 

Indian exports of timber have also increased 

marginally by an average of just 0.11 

million cum per year from 2001 to 2014. 

Exports in 2015 have been discounted from 

the calculation of the average because of the 

large scale exports of the confiscated Red 

Sanders in the same year, which doesn‘t 

give a true picture of Indian exports. 
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Therefore, considering the average Indian 

exports of timber under all categories at 0.11 

million cum per annum, Indian timber 

exports are projected to reach 2.35, 2.9 and 

3.45 million cum in 2020, 2025 and 2030 

respectively. 
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बंजर भूवम में ऑवल ेकी बागवानी 
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ऑवला गमश जलवायु का वृक्ष ह ैजो कक प्रविकूल 

पटरवस्थवियों में भी सफलिापूवशक ईगाया जा 

सकिा ह।ै आसके वलए ऄवधक ईपजाउ जमीन की 

अवश्यकिा नही पड़िी ह।ै पौधों में वानस्पविक 

वृवद्ध ऄवधक व फलि कम होिी ह।ै आस पर लू व 

पाले का ऄवधक प्रभाव नहीं होिा ह।ै आसकी खेिी 

बारानी एवं बंजर भूवम पर भी की जा सकिी ह।ै 

खेि में जल ववकास की समुविि व्यवस्था करनी 

िावहए।  

ककस्में   

नरेन्ध्र ऑवला-4 : फल छोिा व रेर्ामुक्त, ऄिार, 

ििनी, वत्रफला के वलए ईपयुक्त।  

नरेन्ध्र ऑवला-6 : रेर्ा रवहि फल कैण्ड़ी व 

मुरब्बा के वलए ईपयुक्त।  

नरेन्ध्र ऑवला-7 : फल रेर्ा रवहि वववभन्न 

ईत्पादों के वलए ईपयुक्त फलन रोपाइ के िीसरे 

साल प्रारम्भ।  

नरेन्ध्र ऑवला-10 : ऄगेिी ककस्म, फल रेर्ा 

रवहि।  

प्रवधशन 

ऑवल ेके बीज को 24 घण्िे वभगोने के बाद ऄपै्रल-

जुलाइ िक बोि े ह।ै 4-6 माह बाद पेवन्ध्सल की 

मोिाइ के बराबर होन े पर मूलवृन्ध्ि पर कवलका 

िढ़ाकर पौध करके कम समय में ऄच्छे साआज का 

फल प्राि कर सकि ेह।ै  

पौध ेरोपण 

सूख ेक्षेंत्रो में पेिों को लगाने के वलए 8-10 मी0 

दरूी ठीक रहिी ह।ै बाग को िेज धूप व हवा स े

बिान ेके वलए दवक्षण-पविम कदर्ा में वायुरोधक 

वृक्ष जामुन, र्ीर्म, बबूल या कभी-कभी बांस भी 

लगािे ह।ै ऄपै्रल-मइ में 1 X 1 X 1 मी. के गड्ढ़े 

बनाि ेह ैऔर 15-20 कदन के वलए खुला छोड़ दिे े

ह।ै आसके बाद हर गड्ढ़े में 40-60 ककग्रा0 सड़ी 

गोबर की खाद व 200 ग्राम सुपर फास्फेि वमला 

कर 20-25 सेमी. उाँ िाइ िक भरि ेह।ै ससिाइ दने े

पर जब वमट्टी बैठ जाय े िब पौध लगाि े हैं व 

िुरन्ध्ि पानी लगािे ह।ै  

खाद एव ंईवशरक 

10 कक0ग्रा0 गोबर की खाद, 100 ग्राम नाआट्रोजन, 

60 ग्राम फास्फोरस 75 ग्राम पोिार् प्रवि विश 

िालिे ह।ै ऄगले दस साल आसी ऄनुपाि में बढ़ािे 

जाि े ह।ै आस प्रकार दसवें विश से 100 ककग्रा0 

गोबर की खाद 1000 ग्राम नाआट्रोजन, 600 ग्राम 

फास्फोरस िथा 750 ग्राम पोिार् प्रवि विश प्रवि 

पौधा खाद दें। सभी खाद एवं ईवशरक (अंधी 

नाआट्रोजन) फरवरी में िालिे ह ै िथा अधी 

जुलाइ-ऄगस्ि में फल वृवद्ध रु्रू होन ेपर दिेे ह।ै  

ससिाइ 

गर्ममयों में वसिाइ की व्यवस्था वनयवमि करें। पौधे 

के िारों िरफ थाले में पत्ती या काली पॉलीथीन 

वबछाने स ेपानी कम ईड़िा ह ैव घास वनयंवन्ध्त्रि 

रहिी ह।ै मािश में कोपल वनकलन ेके साथ 15 कदन 

के ऄन्ध्िर पर जून िक पानी दनेे की अवश्यकिा 

होिी ह।ै  

कीि एव ंरोग  

माहू व पत्ती खान ेवाला कीि 

आसके रोकथाम के वलए मानोक्रोिोफास (2 

वमली0/ली0 पानी) का एक या दो वछड़काव करें।  

छाल खान ेवाला कीि 
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कीि राि के समय र्ाखा ववरे्ि कर जोड़ के 

स्थान में खाि े ह ै िथा गोलमल पदाथश वनकालि े

ह।ै रोकथाम के वलए िाआक्लोरवास (2 

वमली0/ली0 पानी) दवा का वछड़काव करें व 

सुराखों में वमट्टी की िेल, पेट्रोल िाल कर विकनी 

वमट्टी स ेबन्ध्द कर दें।  

र्ूि गाल कीि 

रोगग्रस्ि भाग फूला हुअ कदखिा ह ैयह र्ाखा के 

ऄगले वसरे पर होिा ह ैगॉठो को िोड़कर जमीन में 

गाड़ दें रोकथाम माहू की िरह करें।  

गेरूइ 

पत्ती पर गोल लाल धब्बे बनि े ह,ै वजसकी 

रोकथाम सल्फेक्स स ेकरें।  

फल ववगलन 

फलों पर जल वसक्त िोि बनिी ह ैजो बढ़िी जािी 

ह।ै आस रोग से बिन े के वलए िोड़ि े समय 

सावधानी बरिें व फलों पर बोरेक्स या सोवियम 

क्लोराआि का वछड़काव करें।  

फलों का अन्ध्िटरक उिक क्षय 

फल के गूद े में काले-काले धब्ब े बन जाि े ह,ै 

वजसकी रोकथाम के वलए 6 प्रविर्ि बोरेक्स 

वसिम्बर से प्रवि पखवाड़ा करें।  

ईपज 

दस विश की अयु में 100-150 िथा 15 विश में 

150-200 कक0ग्रा0 फल प्रवि वृक्ष प्राि हो जािे ह।ै 

वजसस ेप्रवि हके्िेयर 15-20 िन ईत्पादन होिा ह ै

व 30,000 रू0 िक की अमदानी हो सकिी ह।ै  
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