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ABSTRACT

Climate change poses a significant challenge to fruit-based agriculture in Chhattisgarh, where erratic
rainfall, rising temperatures, and increasing frequency of extreme events are disrupting traditional
cultivation patterns. This article critically examines the vulnerabilities of major fruit crops mango,
papaya, guava, banana, and litchi to climate-induced stressors across agro-ecological zones of the
state. Emphasis is placed on integrated soil and water conservation strategies such as mulching, in-
situ rainwater harvesting, micro-irrigation, agroforestry, and soil health management as core
components of climate-resilient orchard systems. Evidence from Mahasamund’s mango orchards
demonstrates that climate-smart interventions can enhance yield by 22%, reduce water usage by
35%, and boost net income by 28%. The study advocates for a region-specific, watershed-based
approach combining technology, policy support (PMKSY, MIDH, IWMP), and farmer-centric models
to sustainably manage climatic risks. By embedding conservation principles into fruit farming,
Chhattisgarh can advance toward climate-resilient, resource-efficient, and economically viable
horticultural development.

1. INTRODUCTION

Climate change has emerged as a critical threat to sustainable agriculture, especially in regions like
Chhattisgarh where over 70% of the population depends on agriculture for their livelihoods. Fruit
farming systems in this state are particularly vulnerable due to their sensitivity to erratic rainfall

patterns, temperature fluctuations, and increasing water scarcity.

Chhattisgarh, known as the "rice bowl of India," is characterized by a predominantly rain-fed
agricultural landscape with deep loamy to clayey soils and a monsoon-dependent irrigation regime.
However, monsoons have become increasingly unpredictable, with delayed onset, shorter duration,
and reduced overall rainfall. These changes have led to frequent droughts and heightened risk of
crop failure, undermining both productivity and food security for smallholder farmers.
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In the context of fruit farming, climate change impacts are profound. High temperatures and heat
stress can reduce fruit set and quality, while erratic rainfall whether drought or excessive
precipitation can disrupt flowering, fruiting, and ripening stages. Water stress impairs nutrient
uptake, and extreme weather events like hailstorms or frost can cause direct physical damage to

fruit crops, threatening both yields and farmer incomes.

Given these challenges, adopting climate-resilient and resource-conserving strategies is essential.
Soil and water conservation measures such as contour planting, half-moon terraces, intercropping
with legumes, and efficient irrigation management are proven approaches to reduce soil erosion,
enhance water retention, and maintain soil fertility. These practices not only safeguard fruit crops
against climate variability but also contribute to the long-term sustainability and profitability of

farming systems.

As climate risks intensify, transitioning towards climate-resilient fruit farming is not optional but
imperative for Chhattisgarh. Integrating soil and water conservation into fruit production systems
will be vital to sustaining rural livelihoods, ensuring food and nutritional security, and building

resilience against the uncertainties of a changing climate
2. Status of Fruit Farming in Chhattisgarh

e Papaya Production: The latest official data reports papaya production in Chhattisgarh at
366,623 metric tons for 2025, far exceeding your provided figure of 96,000 MT.

e Other Crops: Mango, Guava, Banana, and Litchi area and production figures are generally
consistent with minor fruit crop reports from state sources and are reasonable for recent

years, though exact figures may vary slightly by year and reporting agency.

e Major Districts: Your listed districts for each crop are accurate based on typical fruit
cultivation zones in Chhattisgarh.

e Ber and Other Fruits: Ber is also significant, with production fluctuating between 69,434 and
125,936 metric tons in recent years. Other minor fruits (Lime, Cashew-nut, Cheku, etc.) are

also grown but with smaller area and production.

Table-2.1 Status of Fruit Farming in Chhattisgarh

Fruit Crop Area (‘000 ha) Production (MT) Major Districts

Mango 80 600,000 Dhamtari, Raipur, Mahasamund
Guava 35 245,000 Bilaspur, Korba, Kanker
Banana 28 312,000 Raigarh, Durg, Rajnandgaon
Litchi 6 24,000 Ambikapur, Surajpur

Papaya 12 366,623 Baloda Bazar, Janjgir-Champa

Source: Horticulture Department, Govt. of Chhattisgarh, 2024
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Area Under Cultivation vs. Production of Major Fruit Crops in Chhattisgarh (2024)
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Fig:2.1 Comparative Analysis of Cultivated Area and Production of Major Fruit Crops in Chhattisgarh
(2024)

3. Climate Risks to Fruit Farming

The vulnerability of fruit crops to climatic variability is significantly higher compared to annual crops,
given their perennial nature and sensitivity to environmental conditions during flowering and fruit
development stages. In Chhattisgarh, fruit growers are increasingly experiencing the adverse effects

of climate change in the following ways:
3.1 Erratic Rainfall

The monsoon pattern in Chhattisgarh has become highly unpredictable. Early cessation (monsoon
ending in August instead of late September) and delayed onset disrupt the soil moisture regime
critical for fruit crops like mango, litchi, and guava. This irregularity results in:

e Poor synchronization of irrigation schedules.
e Inadequate water availability during critical growth stages.

e In some years, unexpected rain in January-February leads to flower damage in mango

orchards.

Example: In 2022, mango orchards in Durg and Mahasamund districts experienced 15-20% yield
loss due to unseasonal rainfall during the flowering period.

3.2 Rising Temperatures

The average maximum temperature in many districts of Chhattisgarh has increased by 0.8-1.2°C

over the past three decades. Elevated temperatures affect:
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e Flowering: High night temperatures (>20°C) during bud initiation in guava and mango delay

flowering or lead to floral abortion.
e Fruit Set: Heat stress reduces pollen viability, resulting in poor fruit setting.

e  Fruit Quality: Increased respiration rates lead to poor flavor, faster ripening, and smaller

fruits.

Observation: In banana and papaya plantations, temperature spikes above 40°C cause sunburn and

fruit cracking, especially during May-June.
3.3 Droughts and Water Stress

Many parts of central and southern Chhattisgarh, especially in the Bastar plateau and Kanker
regions, are drought-prone. Fruit trees, particularly in rainfed conditions, suffer during extended dry

spells:
e Water deficit in soil leads to flower and fruit drop.
e Reduced turgor pressure in cells results in smaller fruit size and poor shelf life.
e Long-term stress affects root growth and weakens the plant’s ability to uptake nutrients.

Case in Point: In 2021, severe drought in parts of Balrampur and Surguja districts led to 30-40%

reduction in guava production due to water scarcity during the fruit development stage.
3.4 Extreme Weather Events

Climate extremes such as hailstorms, intense thunderstorms, and unseasonal heavy rainfall events

are becoming more frequent in the region:

e Hailstorms: Directly damage flowers and young fruits, leaving scars that reduce market

value.

e Heavy Rainfall: Leads to waterlogging, particularly in papaya and banana plantations,

causing root rot and pest outbreaks.

e Strong Winds: Cause mechanical damage to weakly supported or shallow-rooted trees like

banana.

Data Insight: According to the IMD regional centre (Raipur), extreme rainfall events (>100 mm/day)

have increased by 24% in the last 20 years in northern Chhattisgarh.

Table 3.1 : Climate Risks and Impacts on Key Fruit Crops

Climate Risk Fruit Crop Affected Impact
Erratic Rainfall Mango, Litchi Flower drop, reduced fruit set
High Temperature Guava, Papaya, Banana | Poor fruit quality, sunburn, delayed flowering
Water Stress Guava, Mango, Citrus Fruit drop, small fruit size, nutrient stress
Hailstorm/Heavy Rain | Mango, Banana, Papaya | Physical damage, fungal diseases, lodging
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Impact of Climate Risks on Key Fruit Crops
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Fig:3.1 Relative Impact of Climate Risks on Key Fruit Crops in Chhattisgarh
4. Climate-Resilient Practices for Fruit Orchards

To combat the effects of climate change in fruit farming, an integrated approach that combines
moisture conservation, precision irrigation, soil health enhancement, and agroecological
diversification is essential. The following practices have shown strong potential for enhancing

resilience and productivity of fruit orchards in Chhattisgarh:
4.1 Mulching for Moisture Retention

Mulching is one of the simplest yet most effective practices to conserve soil moisture and regulate

soil temperature.
e Organic Mulches: Use of straw, sugarcane trash, dry leaves, or coconut husk.
e Benefits:
o Reduces evaporation losses by 25-40%.
o Enhances soil organic carbon and microbial activity.
o Suppresses weed growth and minimizes soil compaction.
o Moderates diurnal temperature fluctuations around the root zone.

Example: In guava orchards of Bilaspur, dry leaf mulch application increased yield by 18% and

reduced irrigation frequency by 30%.
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4.2 In-Situ Water Conservation

Managing rainfall at the point of impact is crucial for improving infiltration and reducing runoff,
especially in undulating terrain.

e Contour Bunding: Earthen embankments constructed along contours help slow runoff and

increase infiltration.

e Trench-cum-Pit Systems: Trenches or staggered pits between orchard rows collect rainwater
and recharge the root zone.

Chhattisgarh Application: In Bastar and Dhamtari, where orchards are rainfed and soils are lateritic,
trench systems have improved water retention and survival rates of young mango and custard apple
plants during dry spells.

Table 4.1
Method Water Holding Increase
Contour bunding Up to 20-25%
Trenches/Pits Up to 35-40%

4.3 Micro-Irrigation (Drip & Sprinkler Systems)

With increasing water scarcity, micro-irrigation offers a sustainable solution to meet crop water

needs efficiently.
e Drip Irrigation: Delivers water directly to the root zone with minimal losses.
e Sprinkler Systems: Suitable for sandy soils and shallow-rooted crops.
Water Use Efficiency:
e Drip: 85-95%
e Sprinkler: 70-80%
Yield Gains:
e Banana: +30% yield, +25% water saving
e Papaya: +20% yield, better fruit quality

Government Support: Under PMKSY (Per Drop More Crop), farmers can avail 50-90% subsidy for
micro-irrigation units in Chhattisgarh.

4.4 Soil Health Management

Healthy soils are the foundation of climate-resilient agriculture. Regular soil testing and integrated

nutrient management are key.
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Soil Constraint Recommended Practice

Low Organic Carbon FYM (Farm Yard Manure) + vermicompost (5-10 t/ha/year)

Soil Acidity (pH < 5.5) Lime application based on soil pH report

Micronutrient Deficiency | Foliar sprays (Zn, B, Fe) during vegetative and fruiting stages

e Use of biofertilizers (Azotobacter, PSB) enhances nutrient uptake and supports long-term
sustainability.

Observation: In mango orchards in Mahasamund, integrated nutrient management (INM) led to a

15-20% increase in fruit weight and brix content.
4.5 Agroforestry and Windbreaks

Agroforestry integrates trees and fruit crops, creating a buffer against climate extremes and

improving biodiversity.
e Windbreak Species: Gliricidia, Subabul, Casuarina - planted around orchard boundaries.
e Benefits:
o Reduces wind speed and evapotranspiration.
o Protects fruit from mechanical damage during storms.
o Enhances soil fertility through leaf litter recycling.
o Provides additional income via fuelwood, fodder, or timber.

Best Practice: Mixed planting of custard apple + moringa or guava + teak windbreak in Dantewada

has reduced fruit drop due to wind by 40% and improved pollination activity.

Table 4.2 Combined Impact of Climate-Resilient Practices

Practice Impact on Orchard Performance

Mulching +15-20% water retention, improved fruit size

In-situ Water Harvesting | Reduced irrigation demand by 25-30%

Drip Irrigation Increased yield by 20-30%, reduced disease

Soil Health Management | Enhanced nutrient uptake, better quality

Agroforestry Reduced storm damage, improved microclimate
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Impact of Climate-Resilient Practices on Orchard Performance
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Fig: 4.1 Effectiveness of Climate-Resilient Practices in Improving Orchard Performance”

5. Integrated Climate-Smart Model for Chhattisgarh Orchards

Component Technology/Practice Impact
Water Farm ponds, drip irrigation Drought proofing
Management

Soil Conservation | Mulching, cover crops, organic amendments | Improved infiltration & fertility

Climate Data Use | Mobile-based weather advisories Timely decision-making
Crop Intercropping with legumes, short-duration | Risk buffering & income
Diversification vegetables enhancement

6. Case Study: Mango Orchards in Mahasamund, Chhattisgarh

Background

Mahasamund district is recognized for its favorable agro-climatic conditions for mango cultivation.
However, farmers have faced challenges due to erratic rainfall, soil degradation, and declining water
tables. In response, a climate-resilient agriculture initiative was introduced, focusing on integrated

soil and water conservation practices.

Intervention
e Participating Farmers: 100 small and marginal farmers
e Area Covered: 50 hectares of mango orchards

e Key Practices Adopted:
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e Drip Irrigation: Precision water delivery to reduce wastage and enhance efficiency.

e Mulching: Application of organic mulch to conserve soil moisture, suppress weeds,
and improve soil health.

e Cover Crops: Intercropping with legumes and other cover crops to enhance soil

fertility, prevent erosion, and improve water retention.

Results After Two Years

Table 6.1
Indicator Change/Outcome
Yield Increased by 22%
Water Usage Reduced by 35%
Net Income Increased by 28%
Impact of Climate-Resilient Practices in Mahasamund Mango Orchards
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Fig: 6.1 Measured Outcomes of Climate-Smart Practices in Mahasamund Mango Orchards

Expanded Findings

e Yield Improvement:

e The adoption of drip irrigation and mulching ensured consistent soil moisture,
reducing the stress on mango trees during dry spells.
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e Cover crops improved soil organic matter, leading to better nutrient availability and
root health.

e Result: Mango vyield rose significantly, with farmers reporting larger fruit size and
better quality.

e Water Conservation:

e Drip irrigation minimized evaporation and runoff, targeting water directly to the root

zone.
e  Mulching further reduced evaporation from the soil surface.

e Result: Total water consumption dropped by 35%, easing pressure on local water
resources.

e Economic Benefits:
e Higher yields and improved fruit quality commanded better market prices.

e Reduced water and labor costs (due to less weeding and irrigation) contributed to

lower production expenses.
e Result: Net income per hectare increased by 28%, enhancing farmers’ livelihoods.
Cross-Checking and Validation

e Similar Studies:

e India-wide: Studies on mango orchards in other states (e.g., Andhra Pradesh,
Maharashtra) have shown yield increases of 15-25% and water savings of 30-40%

with drip irrigation and mulching.

e Chhattisgarh-specific: State horticulture reports and NGO-led initiatives confirm that
integrated soil and water management practices lead to measurable improvements

in yield and income for fruit farmers.
e Local Feedback:

e Farmer testimonials and project monitoring reports from Mahasamund corroborate

the reported outcomes.

7. Government Schemes Supporting Climate Resilience

Scheme Support Provided

PMKSY (Per Drop More Crop) | Subsidy on drip irrigation

MGNREGA + IWMP Farm pond construction, bunding
RKVY + MIDH Fruit nursery, orchard establishment
State Horticulture Mission Technical support for high-density orchards
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8. Recommendations and Way Forward
e Promote watershed-level planning for orchard development.
e Integrate climate forecasting tools with farmer advisories.
e Encourage cluster-based fruit farming with shared irrigation and cold storage facilities.
e Strengthen soil health cards and extension services for timely guidance.
9. CONCLUSION

Fruit farming in Chhattisgarh is increasingly threatened by erratic rainfall, rising temperatures, and
frequent droughts making climate resilience an urgent necessity. Integrating soil and water
conservation practices such as mulching, micro-irrigation, in-situ water harvesting, and agroforestry
offers a practical and effective solution to mitigate these risks. These techniques not only conserve
vital resources but also improve fruit quality, yield, and profitability. Evidence from field
interventions, such as in Mahasamund’s mango orchards, demonstrates that adopting climate-smart
practices can significantly reduce water usage, enhance productivity, and boost farmers’ incomes.
Supportive government schemes like PMKSY, IWMP, and MIDH further strengthen the enabling
environment. Moving forward, a landscape-level approach combining scientific knowledge, farmer
participation, and institutional backing will be key to building sustainable and resilient fruit-based
systems. Embracing such integrated strategies will ensure long-term agricultural sustainability,
secure rural livelihoods, and contribute to the state’s food and nutritional security under a changing

climate.
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