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Biochar for Remediation of Contaminated Soil
Moinuddin*, Ateeq Khan*, Sarthak Verma* and F. A. Khan""
*School of Agricultural Science, SGRR University, Dehradun, Uttrakhand
“Division of Basic Sciences and Humanities, SKUAST- Kashmir
Biochar, a multifaceted soil amendment, undergoes thorough characterization to assess its
potential for pollutant removal and its diverse applications. Environmental impact prediction
becomes an intricate process through structural and elemental analyses. The buoyancy in the
field of Agriculture Science was a blessing in disguise but lately it has been found to be highly
detrimental. Apart from the contamination of environment, issues of climate change, fossil fuel
depletion and excessive land degradation have come to the fore. Pollutants, especially heavy
metals, threaten our planet enormously with their everlasting persistence in soil and the
inevitable toxicity on organisms. Tremendous efforts have been made to remediate contaminated
soils. Biochar possesses properties of large surface area, high carbon sequestration, and surplus
nutrient content and even there is a potential to produce bio-oil and syngas. Therefore, biochar
can be used to reduce the bioavailability of pollutants, especially heavy metals, in soil, tackle the
issues of climate change, by sequestering carbon, and depleting fossil fuels via bio-oil and
syngas production. Further, biochar enhances soil productivity which can aid in dealing with
food security issues.
Keyword: Biochar, Organic Matter, Soil Fertility and Sustainable Agriculture.
Introduction:

Around the world, biochar, a multipurpose
carbonaceous material, is being used to
concurrently solve issues with enhancing soil
fertility, plant growth, and development under
both normal and stressful circumstances. It
improves water retention, fosters nutrient
absorption, and promotes microbial activity,
creating a fertile environment that supports
sustainable  and  resilient  agriculture.
Additionally, biochar acts as a carbon sink,
contributing to long-term carbon sequestration
and mitigating climate change impacts. The
major benefit of biochar is that it helps the
adsorption process with its highly porous
structures and different functional groups.
Understanding the elements involved in
biochar formation that determine its
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Characteristics and adsorptive capacity 1is
necessary to assure the viability of biochar in
terms of plant productivity and soil health,
particularly biological activity in soil. The
latter part of the eighteenth century saw an
unprecedented and drastic transformation in
the socio-economic lives of people living in
the European continent. This complete
process later came to be known as Industrial
Revolution. With further growth of science
and technology, it later spread to various parts
of the world. Not only the pace of life
increased, but the comfort level enhanced
significantly. Ideas metamorphosed into
reality. Technology became an essence of
anything and everything what one could think
of. Major fallouts include the monster of
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climate change and the pollution caused
because of heavy metals. Climate change has
already affected the mother Earth drastically.
On the other hand, none of the spheres of our
environment has remained
heavy metal contamination. Once the heavy
metal enters into the environment, it keeps

immune from

getting transported from one sphere to the
other and is bound to stay in the environment
for a very long period of time. These toxic
metals have affected the plants and the
animals thoroughly and have polluted our
surroundings Therefore, it
becomes necessary to look for remediation
techniques to not only minimise the damage

excessively.

caused because of heavy metals but also
tackle the issue of climate change.

What is Biochar:

It is a carbonaceous product (carbon-neutral
or even carbon-negative) obtained from the
thermochemical conversion of biomass in an
oxygen-limited condition. The biochar
produced differs in terms of physical and
chemical characteristics based on the
temperature that is used for pyrolysis and the
type of feedstock used. It can potentially be
used to reduce the bioavailability and
leachability of heavy metals in contaminated
soils. It 1s also able to improve the quality of
the contaminated soil and has a remarkable
reduction in heavy metal uptake by various
crops. Further it can be produced from

BIOCHAR

Biochar
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anything containing biomass thereby reducing
waste. Recently it has been shown to tackle
climate change, produce bio-fuel and enhance
soil productivity. Therefore, application of
biochar can potentially be a remarkable
solution not just for the remediation of
contaminated soils, but even for tackling the
major issues of climate change, fossil fuel
depletion and food shortage.

Mechanism Used for Containment of
Pollutant By Biochar:

Carbonaceous materials have been used for a
long time as sorbents for contaminants in soil
and water. The mechanism used for capturing
the contaminants could be described as
follows:

Sorption: The process of sorption of organic
and inorganic contaminants from water/soil
onto biochar is one of the mechanisms used.
Factors such as high surface area and micro
porosity of biochar, pH and ionic strength
affect the sorption of organics/inorganics onto
biochar. It is interesting to note that biochar
produced at higher temperatures exhibit
higher sorption efficiency for remediation of
organic contaminants in soil and water. The
process of adsorption is remarkable in case of
metallic contaminants.

Hydrogen @ Bond  Formation: Polar
compounds are adsorbed by the hydrogen
bonds formed with the oxygen containing
molecules (carboxyl, hydroxyl, and phenolic
surface functional groups) of the biochar,
while  non-polar ~ compounds access
hydrophobic sites on biochar surfaces in the
absence of hydrogen bonding between water
and oxygen containing functional groups.
Electrostatic ~ Attraction/Repulsion: The
interaction  between positively charged
cationic organic contaminants and negatively
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charged biochar surfaces is another possible
mechanism  for containing  pollutants.
Electrostatic outer-sphere complexation due
to metallic exchange with K+ and Na+
available in the biochar.

Diffusion: Non-ionic compounds diffuse into
the non-carbonized and carbonized fractions
of biochar (an effective sorption mechanism).

. [-Electrostatic
----- A » attraction

nydrophobicsites' O

[IT-Non-polar
¢ organicattraction

Figure 1: Postulated mechanisms of the interactions of
biochar with organic contaminants. Circles on biochar
particle show partition or adsorption

The Pahadi Agriculture

Page |3

& I-lonexhange "
0 o

" IV - Cationic
“ metal
attraction

11~ Anionic ™
metal
attraction

© Physical adsorption

@ lonsin biochar

@ Metations

Ms Metal attached to surface
M. Exchangeable metal ions

& > .

M
111 - Precipitation ¢ '\®

Figure 2: Postulated mechanisms of biochar
interactions with inorganic contaminants. Circles on
biochar particle show physical adsorption.
Formation of Surface Complexes: Surface
complexes are formed between cations and
active functional groups (—COOH and —OH)
on the biochar’s.

The smaller the ionic radius of metals will be,
the greater would be the adsorption capacity.
Precipitation: For example,
precipitates of lead-phosphate-silicate in
biochar. Co-precipitation and inner-sphere
complexation formed between metals and
organic matter/mineral oxides of biochar.

It 1s worth mentioning that sorption of organic
contaminants by biochar is more favored than
that of inorganic contaminants.

lead forms
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Remote Sensing (RS) and Geographic Information Systems (GIS) are transformative
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technologies in modern agriculture, enabling precision farming through high-resolution imagery
from satellites and drones. These tools provide critical insights into crop health, soil conditions,
pest infestations, and environmental variability, thereby supporting timely and efficient farm
management practices. By enhancing resource utilization, improving yield prediction, and
reducing input costs, RS and GIS contribute to increased agricultural productivity and
sustainability. Moreover, their role in data-driven decision-making fosters environmentally
responsible farming by minimizing overuse of chemicals and preserving natural resources. As
technological integration in agriculture advances, RS and GIS will remain at the forefront of

building a smarter, more resilient agricultural future.

Introduction

RS and GIS are now considered crucial tools
in modern agriculture, changing the way
farmers and researchers manage resources,
optimize crop yields, and ensure sustainable
farming practices (Liaghat & Balasundram,
2010). The integration of these technologies
allows for efficient monitoring and
management of agricultural activities by
providing spatial and temporal information
about crops, soils, and weather conditions
(Srivastava et al., 2020).

Features of RS and GIS in Agriculture
Crop Monitoring: RS technologies employ
satellite and drone imagery to monitor crop
growth, stress factors and plant health. This
allows real-time decision-making for
interventions like irrigation, fertilization, and
pest control (Banu et al., 2014).
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Soil Analysis: GIS maps contain detailed
information on soil properties, such as
texture, moisture levels and nutrient content.
This allows farmers to adapt their
agricultural practices to the specific
conditions of the soil (Tiwari et al., 2016).
Precision Farming: farmers can adopt
precision farming techniques, which involve
site-specific crop management. This reduces
input costs and increases productivity (Jain et
al., 2019).
Weather
weather conditions like rainfall, temperature,
and wind velocity. This will aid farmers in
deciding the dates for seeding, harvesting,
and irrigation (Liaghat & Balasundram,
2010).

Land Use Mapping: It identifies suitable
land for agriculture by mapping land use and

Analysis: information about
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land cover. Thus, it ensures the proper usage
of available land resources (Banu et al.,
2014).

Pest and Disease Management: RS detects
early signs of pest infestation and crop
diseases through spectral imaging. GIS maps
further localize affected areas for targeted
interventions (Srivastava et al., 2020).

Fig 1. Features of RS and GIS in Agriculture
Usefulness of RS and GIS in Agriculture
Sustainability: The sustainable practices
through proper monitoring of natural
provide environmental
conservation in agricultural sectors through
such tools and techniques (Srivastava et al.,
2020).

Risk Mitigation: Early detection of potential
issues like drought, pest infestation, or
nutrient deficiencies helps in taking early
action, reducing risks to crop health (Banu et
al., 2014).

Decision Support: The spatial and temporal
data provided by RS and GIS is valuable for
policymakers, researchers, and farmers,

resources

aiding strategic planning and decision-
making (Tiwari et al., 2016).
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Scalability: These technologies can be
applied to farms of all sizes, from
smallholder  operations to large-scale

commercial agriculture (Jain et al., 2019).
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Fig 2 Usefulness of RS and GIS in
Agriculture
Disadvantages
Agriculture
High Initial Costs: Implementing RS and
GIS technologies can be
especially for small-scale farmers (Liaghat &
Balasundram, 2010).

Technical Expertise Required: Farmers
need training to effectively use these tools,
which may be a barrier in regions with low
technical literacy (Tiwari et al., 2016).

Data Accuracy Issues: The accuracy of RS
data can be affected by factors such as cloud
cover, sensor limitations, and resolution
constraints (Srivastava et al., 2020).
Dependence on Technology: Over-reliance
on these tools may reduce traditional
knowledge and practices that are equally
valuable in agriculture (Banu et al., 2014).
Connectivity Challenges: In remote or rural
limited internet and technological
infrastructure can hinder the effective use of
GIS tools (Jain et al., 2019).

Conclusion

of RS and GIS in

expensive,

areas,
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This transformation has revolutionized the
agricultural sector, making farming more
efficient, sustainable, and data-driven. With
rapid advancements in technology and
growing accessibility, Remote Sensing (RS)
and Geographic Information Systems (GIS)
have emerged as powerful tools for precision
agriculture. These technologies enable real-
time monitoring of crop health, soil moisture,
and land use changes, empowering farmers
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with actionable insights for better decision-
making. From optimizing resource use and
improving yield forecasting to mitigating
climate risks and supporting policy planning,
RS and GIS are reshaping traditional farming
practices. As we move toward a future of
smart, climate-resilient, and tech-enabled
agriculture, their role will only become more
central and transformative.
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The Indian Himalayan Region (IHR) is characterized by its rich diversity of communities,

ecosystems and cultural heritage. Spanning across 13 Indian states, IHR constitutes a vital
segment of the Himalayas, the largest mountain range in the world. The distinct topography,
climate and biodiversity of the IHR have sustained the livelihood of 50 million individuals over
many centuries. Nevertheless, IHR is highly vulnerable to the climate change, erratic rainfall
patterns, cloud burst, avalanches affecting livelihood and agrobiodiversity of the hill region. To
address these climate-related challenges, Ecosystem-based Adaptation (EbA) emerges as a
viable approach which enhances climate resilience while supporting sustainable livelihoods in
the region. EbA focuses on leveraging biodiversity and ecosystem services to mitigate
vulnerability and strengthen adaptive capacity. This article explores the importance of EbA in
fostering climate-resilient livelihoods within the IHR, highlighting effective adaptation
strategies, existing challenges and policy recommendations.

Climate Change Impacts in the Indian

Himalayan Region

The Indian Himalayan Region has undergone
notable climatic transformations, presenting
intricate challenges for communities reliant on
natural resources. The following climate
impacts have been observed in the area:
Temperature Rise:

In the past century, the Himalayan region has
experienced a temperature increase that
surpasses the global average. Research
indicates an annual mean temperature rise of
approximately 0.6°C to 1.3°C, with certain
high-altitude regions warming at a rate of
0.5°C per decade. This swift increase in
temperature has led to glacier retreat, which in
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turn affects water supply for agricultural and
daily use.

Unpredictable Rainfall Patterns: Changes
in the monsoon season, along with more
frequent heavy rainfall events and extended
droughts, are increasingly impacting soil
fertility, crop production and slope stability,
potentially resulting in landslides. In states
like Uttarakhand and Himachal Pradesh,
recurrent flash floods have severely affected
agriculture and infrastructure, leading to
significant economic repercussions.

Loss of Biodiversity: The species within the
IHR are at risk due to habitat alterations
driven by climate change. For instance, rising
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temperatures have compelled numerous plant
species to migrate to higher altitudes, which
threatens traditional medicinal plants and
disrupts the livelihoods of indigenous
communities that depend on biodiversity.
Ecosystem-based Adaptation (EbA)

EDbA represents a nature-centric approach that
leverages ecosystem services to mitigate the
vulnerability of communities
change. EbA emphasizes the restoration,
conservation and management of ecosystems
to facilitate community adaptation to climate
variability.

Key elements of EbA include:

Conservation and rehabilitation of forests:

to climate

Forest ecosystems play a vital role in
regulating water cycles, stabilizing slopes and
offering resources that sustain livelihoods.
Conservation practices can potentially lead to
reduction in ecosystem degradation due to
anthropogenic activities.

Enhancing soil vitality: By implementing
agroecological methods and soil conservation
techniques, EbA strategies
moisture retention and mitigate erosion risks.
Effective water management: Revitalizing
springs and protecting watersheds are
essential for securing water resources for both
agricultural and domestic use.

EbA Strategies for Sustainable Livelihoods
in the IHR

1. Agroforestry and Integrated Farming
Systems

Agroforestry merges agricultural practices
with forestry to establish diverse and climate-
resilient ecosystems. In the IHR, this method
involves cultivating tree species such as oak
and pine alongside staple crops like millets
and maize. These trees contribute to soil
health, improve water retention and mitigate

improve soil
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erosion. For example, in Himachal Pradesh,
the adoption of agroforestry techniques has
empowered communities to maintain their
livelihoods amid challenging  weather
conditions. Villages that embraced these
practices reported a 20-30% boost in
agricultural  productivity and enhanced
resilience against climate-related challenges.

2. Spring Restoration and Watershed

Management
The issue of water scarcity resulting from
diminishing springs poses a significant

challenge in the IHR. Ecosystem-based spring
restoration serves as an effective strategy to
tackle this problem. Revitalizing springs
through vegetative measures, such as planting
indigenous species in
supports groundwater recharge and improves
water availability for both agricultural and
domestic purposes. Initiatives in Sikkim and
Uttarakhand have successfully executed
spring restoration by engaging local
communities in watershed management. For
instance, in Uttarakhand, community-driven

catchment areas,

projects have led to an estimated 15-20 %
increase in spring water discharge, ensuring
that communities retain access to water during
dry periods.

Sustainable
Tourismasa
Livelihood
Alternative

Spring
Restoration and
Watershed
Management

Community-led
Biodiversity
Conservation

Fig.1. EbA strategies
3. Sustainable Tourism as a Livelihood
Alternative
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Tourism has emerged as a vital income source
in the IHR. However, if not managed
properly, tourism can result in environmental
harm, jeopardizing local
Sustainable tourism, integrated within EbA,
focuses on ecotourism initiatives that bolster
conservation efforts while generating income

ecosystems.

for local populations.

4. Community-led
Conservation

The biodiversity found in the IHR provides
critical  ecosystem including
pollination, soil health and natural pest
management, all of which are vital for
agricultural productivity. Community-driven

Biodiversity

services,

conservation efforts not only safeguard
biodiversity but also enhance sustainable
livelihoods. In areas like Arunachal Pradesh,
traditional methods such as rotational
farming, coupled with the preservation of
sacred forests, act as biodiversity sanctuaries.
Policy Frameworks Supporting Ecosystem-
Based Adaptation in the Indian Himalayan
Region

Robust policy support is essential for
enhancing EbA in the IHR. The Indian
government has introduced several initiatives
to promote climate resilience and EbA,
including: National Mission on Himalayan
Studies (NMHS): Focuses on conserving
Himalayan ecosystems through research and
policy integration. National Adaptation Fund
for Climate Change (NAFCC): Provides
financial support for adaptation projects,
especially in water conservation and
agriculture. Green India Mission: Part of the
National Action Plan on Climate Change, it
emphasizes restoration  and
sustainable agriculture in climate-vulnerable

areas. Despite these initiatives, additional

ecosystem
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resources are needed to  strengthen
decentralized, community-driven EbA efforts.
Challenges in Implementing EBA in the
Indian Himalayan Region

Limited Community Awareness: Many
regions lack awareness of EbA and climate
adaptation, hindering sustainable practices.
Resource Constraints: Scaling EbA requires
adequate funding, technical expertise and
institutional support, which are challenging in
the IHR's remote areas.

Institutional Coordination: Effective EbA
implementation needs collaboration across
sectors like forestry, agriculture and water
management, but poor interdepartmental
coordination often delays policy execution.
Recommendations for Strengthening EBA
in the IHR

1. Capacity Development for
Communities: Implement training on EbA
methodologies like agroforestry and water
management to help communities adopt these
practices effectively.

2. Encourage Collaborative Governance:

Local

Foster partnerships among government,
NGOs and local organizations for
comprehensive ecosystem management.

3. Financial Assistance for EbA Projects:
Provide financial to motivate
farmers and community members to adopt
sustainable EbA strategies.

4. Invest in Climate Research: Gather

incentives

localized climate data to enhance EbA efforts,
enabling communities to tailor strategies
based on scientific insights.

Conclusion

Ecosystem-based Adaptation (EbA) offers a
practical way to enhance climate resilience in
the Indian Himalayan Region. By protecting
biodiversity and promoting sustainable
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resource  management, EbA  provides
ecological and economic benefits, helping
communities adapt to climate change while
sustaining their livelihoods. With the right
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policies, community engagement and
financial support, EbA can significantly foster
climate-resilient and sustainable livelihoods in

the region.
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Beneficial nematodes are a promising tool for sustainable pest management. It is most effective
against immature stages of pests such as caterpillars. These nematodes are referred to as
“Entomopathogenic Nematodes”. Steinernema and Heterorhabditis are the two main genera of

entomopathogenic nematodes. With proper application, it is effective to control various pests

and insects and enhance our cropping systems.
Introduction

Beneficial nematodes attack soilborne insect
pests such as caterpillars and grubs. They are
not harmful to humans, animals, plants, or
earthworms. So, they can be wused as
biological organisms [1]. These
nematodes causes disease within an insect are

control

referred to as “entomopathogenic”. They have
the ability to kill insects.

Kinds of Beneficial nematodes
There are two  main
entomopathogenic nematodes, ie.,
Steinernema and Heterorhabditis. Out of 47
species of entomopathogenic nematodes that
have been classified as bio-control, 38 of
them belongs to the genus Steinernema and
the other eight belongs to genus
Heterorhabditis. A third genus added in 1994
Neosteinernema has only one species [15].
Heterorhabditis species are associated with

genera  of

tropical regions,
whereas Steinernema predominates in
temperate climates [14]. Few EPN species are
Steinernema feltiae, Steinernema
carpocapsae, Steinernema riobrave,
Steinernema affine, Steinernema

weiseri, Steinernema anatoliense,
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Steinernema websteri, Steinernema kraussei,
Heterorhabditis

bacteriophora, Heterorhabditis megidis and
Heterorhabditis indica.

Steinernema feltiae : S. feltiae is a tiny worm.
It is effective against immature flies such as
clearwing borer [8], fall webworm [21],
codling moth [10], pea leaf miner [20],
including fungus gnats [6]. It can also be used
against white grubs. S. feltiae are applied
either early morning or evening to avoid sun
exposure as they attack prey in cool soil,
temperature ranging from 55°F-85°F [11].
Immature stages of pests i.e., nymphs and
larvae are most susceptible to S. feltiae. It is
used to protect fruits, vegetables and
ornamentals including mushrooms.
Steinernema carpocapsae: S. carpocapsae
targets particularly caterpillars including
webworms, cutworms, armyworms, girdlers,
wood-borers, beetle or weevil, leaf miner, fly
and grub. Immature stages of pests i.e.,
nymphs and larvae are most susceptible to it.
These nematodes are very small whitish
worms about 0.4-1.5 mm in length and it is
hard to see without a microscope [16]. It takes
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‘J> shape while resting and may not move
unless pushed or touched. It can be effective
at soil temperatures ranging from 70°F-85°F
[4] [11]. The crops protected are berries,
ornamentals, artichoke, peach, cherry, and
plum trees and vegetables [9][17][18].
Steinernema riobrave: It has potential for
controlling variety of insect pests, such as
citrus root weevil, the plum curculio, corn
earworm, Helicoverpa zea [7] and pink
bollworm, Pectinophora gossypiella. It can
attack both mobile and immobile insects. S.
riobrave  has ability to tolerate  high
temperatures.

Steinernema kraussei: This nematode is used
against common cutworm, larvae of turnip
moth to protect various agricultural and
horticultural crops around the world [22]. This
larvae feeds on nearly all vegetables and field
crops such as corn, potatoes, beans, peppers,
eggplants, okra, lettuce, tobacco, sugar beets

and cabbage [13]. It is active at low
temperatures.
Heterorhabditis bacteriophora: H.

bacteriophora is a tiny worm. It targets
caterpillars and various immature beetles. It
attacks pests at their immature stages. It is
also used against white grubs. It is most
effective in warmer soils, temperature above
68 °F; 20 °C [11]. It should be applied in the
early morning or evening to avoid minimize
sun’s exposure [4]. The crops protected by H.
References
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bacteriophora are berries, ornamentals and
vegetables. The targeted pests are Black vine
[19], Japanese beetle [5], Carrot
weevil [12], and many more.

Heterorhabditis indica: This species 1is
associated with light-textured soils with
moderate soil moisture and alkaline pH. It has

weevil

strong potential as biological control agent
[3]. It is effective against fall armyworm,
tobacco caterpillar and citrus fruit piercing
moth. It is effective against larvae (3rd, 4th
and 5th larval instars) and pupae of citrus fruit
piercing moth, E. materna. It can also be used
against white grubs, small hive beetles, other
beetles and weevils.

Conclusion

Beneficial nematodes are highly effective and
eco-friendly method of biological control. It is
used against a wide range of soilborne pests,
including larvae of insects such as grubs,
weevils, and caterpillars. With proper
application, it can significantly reduce pest
populations while supporting long-term soil
and ecosystem health. It is an eco-friendly
alternative to chemical pesticides which helps
in reducing the risk of environmental
contamination.
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Importance of Fodder for Dairy Animals and Its Future Prospects

Prajwalita Pathak' and Gunjan Gogoi®
!Suject Matter Specialist (Animal Sc.) and ?Sr. Scientist & Head
Krishi Vigyan Kendra, Dhemaji

Assam Agricultural University, Simen Chapori
Fodder is essential for sustaining dairy productivity, profitability, and animal health. India faces
a 35-40% green fodder deficit, impacting farmers’ income and livestock sustainability. Ensuring

adequate fodder improves milk yield, reduces feed costs, and enhances rumen health. Strategies

like high-yielding varieties, hydroponic systems, silage, fodder banks, and climate-resilient

species can bridge seasonal gaps. Future prospects include region-specific varieties,

biotechnological improvements, community-based fodder production, and stronger research,

extension, and policy support to secure feed and promote sustainable dairy development.

Introduction

Fodder is the foundation of dairy productivity.
Nearly 60—-70% of the cost of milk production
is feed and fodder, and the quality of that feed
directly shapes animal health, fertility, and
milk yield. Green fodder supplies essential
energy, high-quality protein, minerals,
vitamins, and critically effective fiber that
keeps the rumen functioning like a well-tuned
bio-reactor. When dairy animals meet their
nutrient needs from balanced, forage-rich
rations, farmers see higher yields, better
fat/SNF, fewer diseases, improved
reproductive efficiency, and lower production
costs.

A cow’s rumen hosts billions of microbes that
digest fiber, producing volatile fatty acids
(VFAs)—the main fuel for milk production.
Adequate green fodder and roughage keep
rumen microbes happy, maintain rumination
and saliva flow (a natural buffer), and prevent
metabolic disorders like acidosis and bloat.
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Think of fodder as both food and medicine for
the rumen.

Types of Fodder

1) Green Fodder (Grasses & Legumes)
Grasses: Napier—Bajra hybrids, Guinea, Para,
Oat (winter), Maize/Sorghum (kharif), and
perennial pasture grasses offer bulk energy
and fiber.

Legumes: Berseem, Lucerne, Cowpea,
Lablab, and Stylo bring protein and improve
soil fertility via nitrogen fixation.

Fodder Trees &  Shrubs: Subabul
(Leucaena), Sesbania, Gliricidia, Moringa
provide protein-rich leaves during scarcity
support soil health, and offer
shade/windbreaks.

Farmer should aim for 25-35 kg green
fodder/day for an adult cow (depending on
body weight and milk yield), of which 20—
25% should be legumes for protein balance.

2) Dry Roughages

s€asons,
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Straws and Hay: Rice/wheat straw, hay made
from surplus green fodder. Provide effective
fiber but are low in protein and minerals.
Upgrading: Urea treatment of straw (4% urea,
40-50% 7-10 days)
digestibility and crude protein equivalent.

3) Conserved Fodder

Silage: Fermented, high-moisture fodder
(maize, sorghum, hybrid napier) stored
air-tight. Ready in 21-30 days; keeps 1-2
years.

Hay: Sun-dried green fodder stored at ~15%

moisture, improves

moisture.

To bridge seasonal gaps, stabilize feed costs,
and maintain milk during droughts or floods.
4) Unconventional & Supplemental Feeds
Azolla: Fast-growing aquatic fern, ~20-25%
CP (DM Dasis), a protein
supplement.

By-products: Brewers’ grains, oilseed cakes,

useful as

molasses—cost-effective energy/protein
sources when used judiciously.
Hydroponic green fodder: Sprouted

maize/barley in 7-10 days; water-efficient but
requires basic infrastructure and hygiene.
Balancing the Ration

A thumb rule for a lactating cow (450-500 kg
body weight, moderate yield): - Green fodder:
25-30 kg (include 20-25% legume) - Dry
roughage: 4-6 kg - Concentrate: 1 kg per 2—
2.5 kg milk (adjust to fat/SNF and forage
quality) - Mineral mixture & common salt: As
per label; ensure clean water ad libitum
Fodder and Animal Health

Fertility & Calving: Adequate protein,
minerals (P, Ca) and trace elements (Cu, Zn,
Se) from legumes and mineral mix shorten
calving intervals and improve conception
rates.
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*Milk Composition: Good fiber and balanced
energy raise fat and SNF.

*Disease Resistance: Vitamins, antioxidants
(from greens) and rumen health reduce
mastitis, metabolic disorders, and lameness.
*Methane & Environment: High-quality
forages and legumes improve feed efficiency
and can reduce methane per litre of milk.
Addressing the Fodder Gap: Practical
Strategies

Many regions face land, water, and seed
constraints that cause feed shortages.
Solutions are available and scalable:

Fodder in Cropping Systems
Introduce fodder rotations (e.g., maize—
berseem, sorghum—cowpea) and intercropping
with cereals.

Use perennial grasses (Hybrid Napier
CO-3/CO-4/CO-5 or newer releases) on field
borders or bunds for year-round supply.
Fodder-Tree Integration: Plant top feeds
(subabul, gliricidia, moringa) on boundaries
and community lands to supply protein during
lean months.

Conservation Culture

Promote mini-silos, trench or tube silage at
household or SHG level.

Convert surplus monsoon biomass into
silage/hay.

Water-Smart Fodder

Choose drought/flood-tolerant forages; adopt
raised beds in flood-prone areas and
mulching/drip in drought-prone zones.

Explore  hydroponics and azolla as
contingency options.

Seed Systems & Nurseries

Village-level nurseries for rooted slips
(Napier), stylosanthes seed, and fodder

legume kits.
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Link with state seed corporations, KVKs, and

FPOs for timely supply.

Common Land & Collectives

Utilize  panchayat/common  lands  for
community fodder banks managed by

SHGs/FPOs/cooperatives.

Encourage residue collection and baling
enterprises for crop by-products

Capacity Building & Advisory

Practical demos on silage making, hay curing,
ration balancing, azolla units.

Digital advisories (WhatsApp/IVR) for
sowing windows, harvest stage, and ration
tips.

Future Prospects

1) Climate-Smart Forages

Stress-tolerant
sorghum/maize/pearl millet that withstand
drought, heat, and water logging will stabilize
fodder supply.

Brachiaria/Urochloa grasses with deep roots
for carbon storage and erosion control.
Legume Berseem/lucerne
improvements and hardy legumes (stylo,

varieties of

revival:

clitoria) to boost protein and soil nitrogen.

2) Circular Bioeconomy

Crop-livestock integration: Using crop
residues and cover crops as feed; returning
manure/biogas slurry to fields.

Green fodder + biogas: High-biomass forages
(napier) feed digesters; bio-slurry enriches
fodder plots, closing nutrient loops.

3) Policy & Markets
Fodder mission approach: Support for seed
production, fodder corridors, and

mechanization (chaffers, balers, mini-silage
units).
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Credit & insurance: Capital subsidies for
fodder infrastructure; weather-indexed forage
insurance to protect farmers.

Carbon & sustainability markets: Potential
incentives for legume-rich pastures, reduced
burning, and improved soil carbon.

4) Youth & Women Enterprises

Opportunities in fodder nurseries, custom
hiring of chaffers/balers, silage-making
services, azolla/hydroponic units, and mineral
mixture distribution.

Link these enterprises to dairy co-ops and
FPOs for steady demand.

A Seasonal Fodder Calendar

Kharif (Monsoon): Maize, sorghum, bajra
hybrids, cowpea, stylo; conserve as silage.
Rabi (Winter): Oat + berseem (cut-and-carry),
mustard tops (limited), lucerne in irrigated
pockets; make hay in sunny spells.
Summer/Lean: Perennial napier on rotation,
fodder trees, azolla, hydroponic greens; use
stored silage/hay.

Conclusion

The road to resilient, profitable dairying runs
through well-planned fodder systems. With
climate variability rising and input costs
climbing, investing in fodder on-farm plots,
conservation, collectives, and better advisory
offers the highest return per rupee spent. The
next wave of growth will come from
climate-smart forages, precision feeding, and
village-level fodder enterprises that unlock
year-round quality feed. When farmers put
fodder first, the herd, the household, and the
environment all win.

Mountain Agriculture e-Magazine
October|2025




Page |25

//A’\, A

THE PAHADI AGRICULTURE

www.pahadiagromagazine.in

The Pahadi Agriculture e-Magazine ISSN: 2583 7869
Volume-3, Issue-10 Article ID: 10390

BATCATEH: STASTY T ohl T ST HHTE
Slo IS aeeft
e forT forvmeT, =i S STTSTTe iy Ue Wieifireh forgforermer™, sy, ST Jeer

YR FIY FE 35T & 37 &l BT TSt S77e7a] Iy S79ar I &G & FY W 49 F 81
FETH1, 13915 &7 & BAICIITH, 6] B ST TGTH, G150 GR&TT GIH12d X 9T 1477 & Hre
& fa@1! FET SISIT F F7 T &3k @9 81 FIY 87 & TF [qfae &9 & &9 7 qrrar;
& TR 1T FHT TF HIT5TF Flid 7 TIT 81 JIIFTT BGcal 7 Glesrql & J73 v
FgT fowq@r Bl F 41 BB 1 TREIRE @ar H HgfAE awdiwl & [@3sgT
IS 8 BAITIGT § Jhg TEITIad &1 B Icq1aH] &1 1907 Tw11%] X 2FFH
Gar & 39l & TR H R8T #37 &7 F1Rcq GUFERT &7 81371981 & H7ER, ¥R fag 5
BT 397G H IR T T8 SR FT FIY S1ST41 H FETAH1 %1 F1TaTT ST 33 JIawrd & (T
FEF! TS, 2024)) R, Fecrd! Ty IR 56 &7 & [o7g TR gt aal 7 & &
ST T, TR-TR 97 FTcl G, &, SIATFIY SR =TT 1] ST & T Fael el 1 3757
YT Eld1 6, e 371 Il 3T I HIgH W 4] FldeheT ST 9T 6]

ey TEd T 82
ST TTE 1 9qs § dOHH, a9, 8T s 3 16 aRHed | Tl i Ushd! § 3N ded
et ST gealt Y ATy T o T qeal § AT T HROT AT &

Erefertfor Uil STeifeh WTehfaeh el 3
T G AN H FAdT] H el 8, A
wiafafRrt 7 - o w & senfies sifd % o
T — 30 IfshaT ol O L feam 2
STy aREd 3 HROT

IFRTSH T s e SEATTES (CO4),

Mg (CHy) 3R A8ew 3ifa@rEe (N20)
SfiaTed S8 o STo, HiY 7 AT I FTE
TR | IcafSid B ATl 3 fered 4 €

The Pahadi Agriculture

I T FTS: I e 6§, o AgHSd §
COy I FRNNT FAd &l UST I e & geat
1 STAGR] ! TThdeh &9 ¥ kT w5
&HAT W T STt 2

st wiafafert wram, foeelt @9 o
qiere Wi A | HieTsH T ST Ty g
HR AT FTIH I BISd o

FN Tl ST T TR § WU SR
IAThT U A152H T3S Bied! B I Aleed
FTFHT T TR were 2

Mountain Agriculture e-Magazine
October|2025



http://www.pahadiagromagazine.in/

EREREICIEEIR N IRICE RIS U]

1. A9 H g

WA WHeH fwm o e, s 100 a8t #
ST ATIH | T 0.7°C 3T Jhg ast T T8
21 3T, off=h, SR, A St wEE W HE
i 3T foas a2

3T T STEHT G ST 3R FeA T T SH1I
TS S IMATS0T el IcaTa &A1 BT HU hl IR
eEeail

F W IR T AT HH BT SR Ture H
firael

2. 981 1 FEAT forawor:

el FHAT T STh! g, o T =on § 9
Tt =AM o ST a1 & -

el R IHd § STTvIE 9 SIS T T

AT TR HiEH § % Fm

At TR AW | wre i Refa @ it 9 g
ESRl

3. TR % N W H

A T o RO Thic WA (RAIRTe)
forerer <&t 2, oo ooz & a1 &« 6 gfg & &
2 3 TE A & ST FT % ga 1 @al
G AT B

4. T He IR A 1 I

STAaTg TREd § 3 hie-qai AT &= | e ©
gl

I T e Tl

W | T3t gy 3R %t Aarel;

T F wheT T Tfthe|

5. S ht 3T 3R IeEehalt:

The Pahadi Agriculture

Page |26

STy % AT § el J&1 ohl 3T A Bl ST
T 31 ISTERSEY, U8l &l 3 I U 50—
60 T Tk ICATE IaT T, 319 g &1 | 25-30
Y a1 & IATE He T B

STeraTy TiteRi S @ g

STAER UIE o SR T SR A= HEHT
HATS! | ig B W 8, a8 wad 6 9eEm
T Gfciopet I I TET 8 AgHST hisi hi
STMRAT | B! o IYOT T H wHY I R,
@ Wi, Ffcsram, S, Jma 3t 8 3
aaﬁqﬁwar—omﬁa%’l

1. Wwﬁmﬁwﬁm
1Y AR FRT UH SIS foeRfad forg ST
R & S g, Ak arae qer W-wfakre 2
S ok -
HR H e disow® R 3T &A%
1T STeh
AT T ITHUTAT I Hlewenr fored, ST 7
& 1 31fereh Scdte &t B
2. JTYfeh TFIohT T STNT:
o it Regerer f8=T8 @ 40-50% qh et st
ECESEE]

Mountain Agriculture e-Magazine

October|2025




HiedT daier o gt it 7t ot Tt € 3R
TIAIR A 2 &

TTAIRISE 3T T4 | IWhieaef T wal o
et SedeA|

3. Tk hie T& W JeieH (IPM):

Sk hrereren (v det, Zrgentent) &1 |
HUHI 3 3R feesht 20 =61 3uaim|

T ShleTereh! st Hiftr 3 i @
T 3T

4. wae fafareiertor oiit farfa et

FaA Th & Bl W K @ & som fufia
SANTET SAYTHT S8 foh ST & @1er 37eeh ar
goal shl ShITYT, e Sfaw & 3T =
3fereh|

5. YSTOT U SEEhT:

IS TIST Heaeh o forr|

Bl T T T, M, S 7R TS e A

Page |27

FY frafoemem iR shdieh S0 99I-87T W
GEIEIRINELT

Hife wd wERl wwa

IR TR 3 T IRt fIem (NHM) 311
Tt HY =T AT (PMKSY) & d'd
STA-EET, drergur Tt St SuctsHdr 7T
TRl Tfsteror Wiy oot far R soes
JTATET, TS Y b AT (RKVY) 3R
HOA AT AT R T SRaT 7 i |
Teg T 2

et

Sa giE TS ol g8l T8t T & 3R
THHT T FARIEGT W WE €7 & @l S
geal @l fohq, Al a9ifee =M, g
b eh, TLRTT TEANT 3T ToRETT ohl STReehal
et W *, @ I8 T ST § a5
Tkt 2

ST § foemt ot 2-3 THT feres o fire
Tk 2

6. e SreTi e SR fefrea wrem:
Toge” AR FoheM gelar S dieTgd U
foreTT 2! Hem Yt Sueied Fd

Hav

BATCITG T haed fFETT ol 3T ST i T
I 7o fererrer <7 ot SR R

1. R Y SFHEM Giwg (ICAR), sTiNes {ie 2024

2. T Sanf=eht sl (NHB), 2024

3. YR HiEH 9T (IMD) — STty diterd o fid, 2024
4. FAO, 2021 — Climate Change and Horticultural Crops

The Pahadi Agriculture

Mountain Agriculture e-Magazine
October|2025




—~—

’2 NS

THE PAHADI AGRICULTURE

The Pahadi Agriculture e-Magazine

Volume-3, Issue-10

Page |28

www.pahadiagromagazine.in
ISSN: 2583 7869
Article ID: 10391

GHEIE] 9 TASigeh O A1 TSR HE T W@ W@

JhH o SITReehl ohl ST ehdl
FHT I g S ' e
T % 9 TSR % 94l %] RE 1o 8§ 1e7g 58 TS 97 3 T4 8 ST STl & §69% 94 1
FITE 18 1.5 HIX T & 1 & 56 aga & J@Tg &1l & [srerd 771 g gfaer arie G & Edl 8

75 g T F R

3 G @Tcl] T, 6% & [ 373 2% , a5 Y17, STef1% &7, Gl Tcr3ll & 7 I 780
FETH] 81 @IcT] STTE § TET 1 AT H 92T &1 T 4 F1 @RI T 37 & a1 & F1Y el & 1

TR TG 8

TSR =18 39 fore oft B1feeen @ wife 3 hea
Wl 9Igd SIeel § gEHT UH diEm & 150009
20000 sfisT U7 AT & F sfisl a9 &b 8Id ©
1 g o g ety aeete wiafafeat 3
JTEAT o HTEAT | ST & %l S & T 9T
Fd AT 22 S © TR { I ST § A7 3600
T T © I FT T8 STEd @

I T STEdclT HTdeh, T g Tarst i
ST GAATS T & ST AL, et F =7l
e mefit e et AT 2 2UR 9w ° 39 Wy
I T TeAS ,STEqHT |id H 90 & folu

The Pahadi Agriculture

ek WHT 7T 6ok AT I TIIAAR STeH
off ITaT ® 96T T off oTe%g R qaT  F U
T F HTAHT § 3TRT Hivad o @ har @

O TevuH & fou ot fafeienr ww @y
T SATATIHAT & 38 Teh ATh AT Teh e o1
T T Tkl 38k I01 & H IHH o (o qft
I TH G T G S S0 AE ® 8
T H & STeehdl RIsHT i I TSRl
HHTE d1 ST AN ol $6eh THEM N SR T
I3 3 ST AT o (1T & dTieh SHT § T
FTTH ST T TR THeAd & 9 o TSR =16 &
S % {10 75 TR T AR S ST
Tfafaferdt & Ted 39 51E  Wed FE o ST
@

3T ga | 20 97 IrifIey STRsehdT 9HTE 16-
22 3T, 2025 % G0 Sy foq g 7 g/
fafi wmt w smrnfsa frer mn, o

Mountain Agriculture e-Magazine
October|2025



http://www.pahadiagromagazine.in/

TR ek ShUE S|, TR % 3
3R SAfereh =0T 1 ST T qUT WIAAR
o TTE, TTET 37 HY T I i IR
F R Tt niafafeat Sisa of 3@ wea &
A& YTy o Tl o IR H STPRsehdl S@H]
3R fafir wfifaes, S i Tamafes e
Tt % AW | $6eh I ol SQTaT oA
H

> TEhishd AT Jeed

> e SR UATER0T STTEehdl
Tk T S

T ST ehlehd giEahivl 0 o, it fwfefiad
&

T TSR U W E @ €SHT B
et & U8 & AT o S S&d 3T A&
UL TSI 58 o TehTeHT|

HARST: st & Helrg 3R JAR FT Tk &
T @t ¢ Wit S @re # Tea|
Sitafeaq fa=or: Anfent / foewsi & arfesf
IR AT § uE & Safage e w5
YT AT

TeEfe  FEE el M W
HEARIT &A1 § o ¥ Us Sless &
YT T FTE AT

TR SR T TaR0T ST

T R S I Ty W AN THTE
3R g0 W 3 BIHHREH T o TR H
STATEShdT SHTS TS|

The Pahadi Agriculture

Page |29

FY 3R ST fafereram: woat scmeswar iR S
fafererar w TeReHs X gMfeRE yamEt &
TN T SNEHAT @l IR fRar T arfeh
g o R Y SATEavIeRdT S Wit
IERISIRCY

FlEH AR Hiere Hifearsgeauy augl &
HTEAH § WS HaRT WSTR[y T, aTfen wreior
TSR I AEH & @A F i HAewid
ST 7T T

TEhTERA IUaRIUT T ST I G, Hafleh o oIqTi-eht
7 I fawl oX |wTE o SR aiE % i
DY SNTEehdl HRhA ARG fhy 8, S
o 481 Topar/foparm afeetd wreifgm o a4
SITEHiRd T 8 TSR HTE I Je6d
TH% BIHNE TIET gl "R i T
TeRiHT T TGRIA sl T8 7 16-22 3T 2025 €
AT STl T T SRS halloh HET
g fafe= wia & forami/wes wfgarst &
A TIAER % oo 3R I & o1 H
SITTEeh SR SR T o foQ foRam T om 39
THTE o SN ! T8 TIfafafeE § aroifem =
IETST (hafth 3T Ik O FHdldh &

Mountain Agriculture e-Magazine
October|2025




SRt SR Tt speETE g AT I W
forar mm), wdfrm @aEEt % an o
I, e, fhed o, yeui, dieet ik
g Howl % WEEH W SIOTERAT Wl T
T ST Tehighd Sete, qTifeem & @i R
AT, TR T Aok T SR 3 %
SR T TS @A 3R IR Soal Rad aiiehi
g M| Heiltd "ifeer ot fopeml K
foraT Afeettsti & sfier forafea foram mar om 3=
HTRTRI T O eI | ST0 SATETE
| L ST I o [T ST fora T drfeh
TSRO WTeh oh! SIgaR SHTT TET ST Tk 3T
N JcqTEeHAT, W I U] T i B el
fommer JohEM W SERT ST oW, @
TR hT IURNT HUIEE I o AT foRam S
Th|

T % T TSI o o6 T

TSR o8 T B &, S8k §Ueh § 3T
T SH &I AT T 9], ST T ST bl @l &1
T&dT 8. 3T H I8 %8 Yo hl TN Iea
AT 2. "SR O o 9k § 3§ 9HT
Ughegien, ufeem, UWSf, JER, AT
TSR BT o SHET 0 W g S TS 9@ i
firetd 81 39 & Gush U W ¥ =T § e,
T, Terstt, 3T RIS (FTeh) B e 2

Tk TUAT (TIeT) Tetsit 4T hd & Tord ST
ITEYHT, AT FE (FAREEE), IR T T
TUETE 30~ B Tehd ! & TXAT ¥ AT | e,
TR, i S (shoTfeaTstem) 2wkl 21

The Pahadi Agriculture

Page |30

YT I

3R 13 I U%] 39 ©E T @7 T & Al 39 W
oft JTer <@ T et weRd 8, i Td AN
et shT T BTt ¥ 37T T STedicht el 2

TSR =16 @ ¥ §Y T 0T A 8 St 8
3T g4 T TG FgaT € Wkl €, TSI o o
Y | O[S § = i S, gee dee
U, 3R e IR foredt W Thrrcds
TS BT Hehd &

TSI S8 AT qrei e o f3sr o Sumr

TSR =T 3l &eH i o T 31 fFefaRaa
JUTT 31T Hohd

o« T YT TS T o JHR T Uk o AT
Siferen, Tk TR TETeh qlihl o1 ST
f3paT ST Tk R

e TR Ed § TSR 916 H7 y9 fo@ré gar @
ar Tl § a9 W RE ek TR g1
Tt o TehT ST Tehall 2

. ;Wﬁ%%ﬂiﬁbiocontrol agent % 19 ©
SET ST 2 99 T Zygogramma
bicolorata T TSR =18 & =9 & foig
SEAHTA foRaT ST ®, ST $Heh Uil bl
[CIENE e T

o THH WcH FH & foTT T, FAATRAR,
SITH, HIZIRH, 2,4-SF 3T BT A1
AR w1 ol geamt fRam S
THAT 8§71 herbicides FT AT 31 T
forelt STl o STER AFThT T JeATE

T & H

Mountain Agriculture e-Magazine
October|2025




Page|31

The Pahadi Agriculture Mountain Agriculture e-Magazine
October|2025




b Page |32

//A’\, A

THE PAHADI AGRICULTURE

www.pahadiagromagazine.in
The Pahadi Agriculture e-Magazine ISSN: 2583 7869
Volume-3, Issue-10 Article ID: 10392

Uadig eFl H HAoell Ud J8ell ITal BT EREE R GRIE
gRagd

SI. ISl AhellHl, S Al 39 &4, SI. GRATTG JHTHR
ATCRID] HETfdeTerd, fharis

f[der Uyl fd=r faedfdercry, ge

T P 3% UGl (51 TGS, [8HIGeT R SV T H9HY) & UEIS) &F T IIGT
3Iv @y I gic & Feaqyl &/ T HISIT BT IPT HId & B HR—ERT SHT—3 Hel
YRS, @iFu Giiv [AeifAT W evqY i & gy SuHrmll @l giH 199y efe vEd] &)
T T@H T dofl W TS & FHIIY I Ybsd I IGIGT P gVd FIe Geierd gRveraar
7 ENIET BT HIgedE ST &/ YsrS! &F 7 I8 Bt S &3 8 orar 8 i g8 @
yiifors gRRefaT; aRasT el @ $H 3V Blos NG JTEVe=T &7 4T Tocl Pl
JUTTT AV VG H F8] gidl YT BNl &/ Ysrel &F B ASH Bl GHY N FIS—@aE
Reifa, cdl g% 3l ifeis 77T &+ @il TrAT & BRY GRTGET & QI HSe @1 arerit
gyIfaeT gIdt 81 §Wd ], % AT Blos G B SfAT IVl 7§l GV FoA! Glod) @YIg &
It 8 foreadd bl siiv @ikl & el g1 Sor gsdl 8/ ulRasT orra #f a8
eI &t & T areTl B 10T Wvdl & Joree T ggar & v aHT w8/

a8 § woel & YRa uRag

RfEd aRagd iR R & fou @8
o9 YUell HgH HEAYUl © | 9 WUTell &
AT AWell AT T el TGl Bl
IR W d P STARDT A& UH
g o aome R SRiEgT e ST 2

UIcdd ST I BT SYANT fhar T g8,
ST uRIed & SR A9l Bl ofd T9I ddb
3T IR i w&d 2| B & auf § AR
ol I T dlel UIcdd dles dfdd Wl
fowfia feg o € o fouy w9 ¥ fasren
B B dTel A B [y AMBRI AT Bl
e 2| 3 9l At &1 arffee SuanT

b foIU M9 Wic, dles R,
MRS ¢h AR AR Jfed &1 ST

far SIrar &, Rad IdE & Iurer &I

qRag IR HSRUT BT 3Hfd UTd), fhmrIc
IR FRIST T B | yairg &3l H Ples o
BT I U g9l TARAT 8| T&f faotell &

Ah—clgh oid THI db a1 Y8dl & | Ples
g9 P IAfARE M R Th IRd 3R
frprre dee & O Sare @ Stua
uTd # 9% @ IS @ W ® Al
BT I FEa 2| Teld g9 3R
< AGH 39 I D oy 31d Iugeh
AT ST € | Bl WR R $geics diad 3R

The Pahadi Agriculture

U], S IR IR dfiRe®d
N Ples o & G Hdled § ShAe
T Pl B | SUP PNIT Aol Siee] ENIE
g Ol 8 SR SUEdl B SRId g w
T8 81 urar | gRfea uRaed &1 aed I8 @
6 Foell @I IFHT ATl AR IorET g1

@ gU SUNRET AT RIRET HWex dd

Mountain Agriculture e-Magazine
October|2025



http://www.pahadiagromagazine.in/

Ugarl S¢ | olfdhd WRIG AR HH ASD,
Sde—dEs Solld, HIFd are- gfaen &R
Ples I BT JJUALIAT Sl FAINAT §9D
I | TST B B |

3 FHRIRN & A & oy gy &= H
TP el IR fhHRIdl dles o Hisd &l
AMATIHAT B | 39 Hied § AR ol 3MenRd
YU WOR, WERE Dles WRA T,
AdEA Ples 99 3R MeRAT gHe @t
RRATIAT A B ST Fhahl & | IS VAT gt
faefia fhar Sy ar /well @1 I[ore =
M, JHAE HH BN SR FGART @l
JEet # gfg BRfTl 39 yeR  faf=
qppl R FaERI & HgH ST A
JRferd uRaee 3R HSRUT &1 ARl BT g2
fopam ST At B |

Hice o AR % H§e B AT

Bl Ud A%l 4 99 ST Udh Irdd Iy
A el WrE UG B | $9 Uded & gid
gie 034 U Afcwaw qoHE R G
JATeYH BIAT &, IIJAT gewoiai ol g i
@ BRY Teal T Y & OR B | UBTE
gl § I8 e iR R 8 o ©, Hife
dar 9B IR oS uRdaed wwg sHd!
U] BT IHIFAT ool 21 U H weell 3
SISEIECEIIECCE Bl ol el n B L
3ITd AUl fAHT MRl 8 | Bles o= &7
et B, ST WA A ThR SUNHI I 8Y
IR W IS IIAERYT Bl 97 GAT| 39D
AT AT Wi, Ples ERol, IMhoRcs
TH IR TS dfaT BT I FHII MM
BT 21 598 9 9% Y&ud 9ad fhwrady ok
YA YT AT ST 2 | IO d9ell 3R 9%
BT AU 151 G S, Ol Aol Pl 24536
¢ qd R @ o7 gadr 2| fRw sy
I FoIh s 3R O Udh UB! &= &
fou e Sugew R 81 & «ifs 3

The Pahadi Agriculture

Page |33

IR—R fUgad & R &d 99y db dsa
CRINRCH IS

$oics diad 3R UIcd daiD

BIe WR & [HAM IR AN UgTSl &= |
Ples RS BT FAET T BN & BRUT AT
JHaH Ion & | U Refd & ggeics dfaw
TH Al R AGeIRE FHEM 8 | ©Red
R BIEeR H 9 9T od THT TP 9% Dl

JRieT x@d € R HSell P Aol §9Ig
Ed 2| UIcdd ansy dfad fhami & forg
AT, HAexArsidbell a1 J8f b b Uaat A
o SR Sl ehal ® | Y9I H AR

Mountain Agriculture e-Magazine
October|2025




qras dicdel dfad fl Sueer g, S gRex
& YBIS! &3 H fASrell @& & 89 W 9gd
e g 8 & | 37 dadidl & WA |
Blc fad W1 d8aR HHd IR JUAT TSl
TR T Ugar Ahd ¢ |

UETST &3 § SYARBRI @1 gde Siifdd dwell
DI 3R AfF Bl 8 ife g8 aorh 3iR
U B MRS ol B Sifdd HASell
gRagd & forv a9y d&led &1 Smasasmdr
Bl B MMAR WR dlellefid &7 # gl 3R
ATl NP IAH SR I STell Sl ©
3R & BT 3 TRE Al Hx fIar Srar 2
Ig dHId BIS W AR FH §A & forg
SUART Bl &) odl g A1 98 UM W
JffRioM Rifefer 3R R du Red &t
ST fhar SaT g1 59 Sdl Bl BIC Tl
I e 99 # TgdR UBTS! AN W A
AN | o SIRIT ST T & | Sifad gl
IRaET ¥ T dad [HAFI DI AbE T
fierar g dafed STiRDT W Fde &' 2|
TR SCITal BT 7S SR &M

FHI-HIT TES! &= H uRdaed 9Ha 31frd
M @& HRU Al 8ol gREd T8 @
I | 0 W UGN Uh ek fdded B
qoell ¥ A= 9&R & dog USs SR
¢ ST Fhd & o § e fUdd, Wids
o1, f91 weore, fher dfd R SIS e |
Y IAE dd FHI dP GRIET B § 3R
gRagd # W MMl BRi B UHHRUT |
framt IR Safdl o faRke o fAedr 8
Rifh 39 IATE B IR § JTF HHd
et 1 SO oTcrar SUMRBRI Bl Wl
AUy fdmen U B ©, RN 78l @
WUd 9gdl 8| 59 UBR, UHHRUT H UBTSI
gFl ® A IRfdRen B A3 faum e
Thel B

The Pahadi Agriculture

ABEl BT AR
WHRY AoTE 3R st & arfier
TRA WRPR AR IS TREN AT &5 Bl
rfRd R & fog @y oA Fer @
21 YUFEA Y GUel ANl B diid
THERROT SHIgAT DI WIUAT W e T
SITAT B 1 UETSI & H WEdRl Afifoat @ik
ATl WEl & AEIH W A2

Mountain Agriculture e-Magazine
October|2025




gRage R fA9vE &1 gegmar e o7 &7 2
fael @ afhg 9rfieRy g9 ARl @l
Aheldl B Foll Bl A fham  Aaex
Arfed URTET Ml B [STWRT BN AR
TJGEHRUT ShIgdl H a9 Bl I Y
SR BT Wddl B RGN faMET S8R
ThTH! TaNT i a9 &R W T |

oy

we & 9B &= § Aol iR A
Il b1 gRded Udh gAYl B E,
JAfFd I RIMT 2] B Ples oF YU,

I JdgH, Sgeics diad, dicdd ddeiiad AR

The Pahadi Agriculture

Page |35

Td fher SUIced Sy SURIT BT MUThR
HSCll Bl U AR Aeh—cllgh bl FGRIeT
G S Whdl © | TARpd IdTa&l BT f[dard
framEl & oM oM § 9E™ed B, Sidib
BN AN AR AHfed 9RERT 59 &
P AT UG el 2 | IfQ 39 |/ U
B YA T 9 AR fhar Se ar ugrel &t
P A SAEH 9 ddd WM IR dfed
I FhHd T FTHH A dad SHAD! AT H
FUIR BRM dfcds SUARDIAT DI I dToll AR
QRIS ATl qoO oI IUTE I B |

Mountain Agriculture e-Magazine
October|2025




pahadiagriculture@gmail.com

https://pahadiagromagazine.in

The Pahadi Agriculture Mountain Agriculture e-Magazine
October|2025



mailto:pahadiagriculture@gmail.com
https://pahadiagromagazine.in/

www.pahadiagromagazine.in



