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ABSTRACT

Agricultureisthe backbone of Chhattisgarh’s
economy, where the majority of people are
dependent, either directly or indirectly, on farming
for a satisfactory livelihood. However, resource
degradation, fluctuating rainfall patterns, and
falling productivity underline the urgency of urgent
imperatives that need to be undertaken toward
sustainableagriculture. Crop diversfication-that is,
shifting from traditional monoculture systems to
diverse cultivation-appears as a very feasible
option toward enhancing sustainability, economic
resilience, and environmental health. Thispaper has
discussedin detail theroleof crop diversificationin
the sustainable agricultural development of
Chhattisgarh in view of the current agricultural
trend in the region, benefits, and challengesin the
adoption of crop diversification with some
actionable strategies to realize its potential. The
results of the study shows that the Crop
Diversification Index reveal snotabl e differencesin
agricultural diversification among theagro-climatic
zones of Chhattisgarh. The Plains demonstrate
considerable diversity, whereas the Northern Hills
and Bastar Plateau fall short, predominantly
depending on conventional farming methods. To
tackle these regional imbalances, implementing
focused interventions, improving infrastructure,
and devel oping farmer-oriented policiescan foster
sustainable agricultural development and improve
income stability for farmersin Chhattisgarh.
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INTRODUCTION

Chhattisgarh, oftenreferredto asthe* Rice Bowl of Indiag,” ispredominantly under paddy monoculture,
leading to soil degradation, scarcity of water, and economic vulnerability dueto market fluctuations. Crop
diversficationwould bring opportunitiesfor such chalengeswith theintroduction of diversedimatic, ecologicd,
and economic requirementsof crops. Thiscrop diversification, intunewith sustainableagricultural devel opment
gods, would encourage biodiversity, improve soil health, and stabilizefarmers incomes.

Agricultural Landscapeof Chhattisgarh
Themagjor characterigtic of the agriculture of Chhattisgarhisasfollows:

1. High Dependence on Paddy Cultivation: Paddy is covering more than 80% of the area under
cultivation, drawing strength from traditional preferencesand government support for procurement.

2. Climatic Vulner ability: Asmorethan 70% of the areafallsunder rainfed agriculture, the stateis
highly vulnerableto erratic monsoons.

3. Marginal and Small Landholders. Over 76% of farmersare smallholdersthat havelimited access
to technology, credit, and markets.

This overdependence on paddy has reaped consequences of overexploitation of the resource base,
especialy water, at the cost of moreviable and diversified crop systems.

Cropdiversficationisan essentia strategy for promoting sustainable agriculture, effectively balancing
environmental, economic, and social objectives. Thismethod entailsgrowing arange of cropsonthesame
land, which decreasesreliance on asingle crop or farming method. By doing so, it enhancestheresilience of
agriculturd systems, hel ping to mitigate risksrel ated to pests, diseases, climate changes, and market volatility,
thusserving asaviable approach for ensuring long-term agricultural sustainability.

A sgnificant advantage of crop diversficationisitsbeneficial effect on soil health. Monocropping, or
the continuous cultivation of onecrop, canlead to nutrient depletion inthesoil, resulting indiminished fertility
over time. By incorporating avariety of crops, farmerscan enhance nutrient cycling, asdifferent plantshave
unique nutrient needs and contributeto soil enrichment invariousways. For example, legumesareknownto
fix nitrogeninthe soil, which can be advantageousfor subsegquent crops. Thisnatura processof replenishment
reducesthenecessity for chemica fertilizers, thereby lowering costsfor farmersand decreasing environmental
pollution. Thus, the broad objective of the study isto analyzethe crop diversification patternin Chhattisgarh
acrossdifferent agroclimatic zones.

Review of Literature

Par oda, R. (2022) highlightsthat in India, the devel opment of cropping systemshasresulted inthe
availability of more productiveand lucrative optionsfor farmers. Significant instancesincludetherice-wheat
system prevaent in the northern regions, groundnut farming in Gujarat, sugarcane cultivationinthe north,
chickpeaproductioninthe southern states, arhar inthe northwestern territories, soybeanin MadhyaPradesh
and adjacent areas, and winter maizein Bihar. Neverthe ess, many of these systemsnecessitatediversification
toimprove sustainability and preserve natural resources. Itiscrucia to enact reformsin the existing cropping
systemsthat are based on scientific princi plesand adapted to various agro-climatic conditions. Thisanalysis
delineatesposs ble pathwaysfor crop diversiication that can enhancefarmers yie dsandincomewhilefostering
conservation agriculture through sustainabl eintensification. A comprehensivelong-term strategy for crop
diversficationisimperativefor theoverall advancement of the nation. Upadhaya, et a (2022) emphasized
that mono-cropping practiceswithintheagricultura framework areassociated with diminished farm profitability,
therepercussionsof climate change, and heightened food insecurity, al of which play aroleintheunsustainable
nature of agricultural productioninthe Eastern Gangetic Plains. A three-year investigation conducted from
June 2019 to June 2022 at Dr. RgjendraPrasad Central Agricultural University in Pusa, Bihar, India, sought
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to assessthemogt profitable and efficient rice-based cropping systemsthrough crop diversification aimed at
sustainable agriculture. Thestudy employed ten unique cropping sequences organized in arandomi zed block
design, replicated threetimes, with system productivity ranging from 8.70t0 24.95t ha’ 1 acrossthe various
sequences. Significantly, the mai ze—col e crops-sesame cropping system exhibited an extraordinary increase
insystem productivity by 187% and profitability by 299.52% when compared to the conventional rice-whest
cropping system. Additionally, adiversified cropping system that included black gram, maize, vegetable pea,
and sesbaniashowed markedly el evated |evel sof soil organic carbon (0.49%), bacterial populations(47.85
x 106 cfu/g soil), azotobacter populations (42.96 x 104 cfu/g soil), phosphate-solubilizing bacteria (20.72
x 106 cfu/g soil), dehydrogenase activity (4.39 ug TPF/g/h), fluorescein diacetate hydrolytic activity (17.28
ug fluorescein/g/h), acid phosphatase activity (451.46 pug pNP/g/h), and urease activity (47.21 ug NH4+/g/h)
incomparisonto therice-wheat system. Asaresult, theincorporation of vegetablesand legumesinto cropping
systemsemerges asafeasi ble approach to enhance productivity, profitability, and soil healthinthe Eastern
Gangetic Plains. Belllouin, et a (2021) opined that ecol ogical theory assertsthat biodiversity hasapositive
effect on and stabilizesthe ddivery of ecosystem services. Nevertheless, theimplicationsof augmenting the
diversity of cultivated crop species or varieties within agroecosystems continue to be asubject of active
research. Theavailableempirica evidenceisvariedinitsbreadth, agronomic methodol ogies, and geographica

settings, with the effects on ecosystem servicesdiffering according to the particul ar diversification strategy
utilized. To comprehensively assesstheimpactsof crop diversificationin agroecosystems, we compiled results
from 95 meta-analysesthat included 5,156 experiments conducted over aspan of 84 years, which featured
morethan 54,500 paired observationsacross 120 crop speciesin 85 nations. Our extensive anaysisindicates
that crop diversification not only increases crop yields (with amedian effect of +14%) but also promotes
associ ated biodiversity (+24%, which pertainsto non-cultivated floraand fauna) and various supporting and
regul ating ecosystem services, such aswater quality (+51%), pest and di sease management (+63%), and soil

qudity (+11%). Importantly, thereissignificant variability in theresultsfor each ecosystem servicebased on
thediversfication strategy applied, which may include agroforestry, intercropping, cover crops, crop rotation,

or variety mixtures. Agroforestry isparticularly notablefor itseffectivenessin ddlivering multiple ecosystem
services, including water regul ation and quality, pest and di sease management, associated biodiversity, and
sustained soil productivity and quality. Conversely, variety mixtures providetheleast advantages, whilethe
other strategiesyield intermediateresults. Thesefindingshighlight that enhancing thediversity of cultivated
Crop speciesor varietiesin agroecosystemsrepresentsaviable strategy for achieving more sustainableland
management, resultinginimproved yields, increased biodiversity, and enhanced ecosystem services, although
theefficacy of specific crop diversification strategiesvariessignificantly. Tamburini, et al (2020) emphasized
that practicesof diversfication areessentid for improving biodiversity, pollination, pest control, nutrient cycling,
soil health, and water management. It isadvised that enhancing biodiversity within agricultural frameworks
can promote ecosystem services, which may subsequently reduce dependence on agricultural inputswhile
ensuring highlevelsof crop productivity. Thisresearch assessestheimpact of different diversfication strategies
in cropping systemson both aboveground and bel owground biodiversity and ecosystem servicesby reviewing
98 meta-anayses and performing asecond-order meta-analysi sthat encompasses 5,160 original studieswith
41,946 comparisons between diversified and smplified practices. Theresultsreved that diversfication hasa
positiveeffect onbiodiversty, pollination, pest control, nutrient cycling, soil health, and water management, al

whilepreserving crop yields. Strategies designed to boost aboveground biodiversity wereespecialy effective
in enhancing pest management and water regul ation, whilethoseaimed a bel owground biodiversity improved
nutrient cycling, soil health, and water management. Overal, diversification practicesresulted in mutually
advantageous outcomesfor ecosystem servicesand crop yields. Neverthel ess, the variability in responses
and the existence of trade-offshighlight the significance of context in shaping results. The broad adoption of
diversification practices presents considerabl e potential for promoting biodiversity conservation and securing
food supply at both local and global scales.
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Data Source and M ethodology

The present study isbased on secondary datawhich has been collected from the economic survey of
Chhattisgarh for theyear 2023-24. Themajor cropsincluded inthe study arerice, pulses, wheat, vegetables,
fruits, flowers, oilseeds, plantations, speciesfor al the 28 districtsof Chhattisgarh.Further the districtswere
classified into agro climatic zonesviz; Northern Hills, Plainsof Chhattisgarh and Bastar Plateau.

Theanaysisof thedatahasbeen donein Advanced MSExcel 2016 version. Descriptive analysishas
been done and then Simpson Index has been cal culated for knowing thecrop diversificationinthethreeagro
climatic zonesof Chhattisgarh.

Simpson Index: D=} ni(ni-1)/N(N-1)

According to thisindex; value closeto zero indicates diversification (richness) and value nearer to 1
indicateslessdiversfication or specidization of crop.

Results and Discussions
Thedescriptivedatisticsfor Rice, Pulses, Whest, and Vegetabl esprovide an overview of their digtribution,
variability, and centra tendency. Thedatahighlightskey patternsinthe production or usage of thesecommodities,
reflecting variationsin mean val ues, dispersion, and shape of thedistribution.
Table1: Resultsof Descriptive Statistics

DecriptiveStatistics|  Rice Pulses Wheat | Vegetables
Mean 395.8744 | 16.978 | 7.784929 | 246.1654
Standard Error 42.64996 @ 5.71671 | 2.634509 | 30.17277
Standard Deviation | 225.6824 |30.24998 | 13.94051 | 159.6593
Kurtosis 1.495088 |3.065631 | 14.405 | 2.904387
Skewness 0.994426 12.104898 | 3.495907 | 1.088923
Minimum 42.932 0.166 0 8.421

Maximum 1080.096 | 105.592 | 69.295 | 768.137
Count 28 28 28 28

(Source: authors own calculation based on secondary data)

Thetableno 1 depictsthat the average valuesrepresent thetypical levelsfor each commodity. Rice
exhibitsthe highest averagevalueat 395.87, indicating that it isproduced or consumed insignificantly greater
amountsthan the other commaodities. Following rice, vegetableshave an average of 246.17, which pointsto
amoderately high level of production or consumption. In contrast, pul ses and wheat show lower average
valuesof 16.98 and 7.78, respectively, suggesting that their quantitiesinthe dataset arerdatively minimal.

Thedata svariability isassessed through standard deviation and standard error. Rice displaysthe
highest standard deviation at 225.68, signifying cons derable variation among itsdatapoints. Thisindicatesa
widerangeof production or consumption levelsacrossdifferent observations. Vegetables al so demonstrate
notablevariability, with astandard deviation of 159.66. Conversely, pulsesand wheat havelower standard
deviationsof 30.25 and 13.94, respectively, suggesting more uniform levelsin their datasets. The standard
error, which indicatesthe accuracy of the mean, isgreatest for rice at 42.65 and least for wheat at 2.63,
suggesting that the averagefor wheat i s estimated with the highest degree of precision.

Kurtosisand skewnessvaluesoffer further insightsinto the distribution’s characteristics. A kurtosis
vaueexceeding 3indicatesaleptokurtic distribution (characterized by asharp peak), whileavauebelow 3
suggestsaplatykurtic distribution (with aflatter peak). Wheat hasthe highest kurtosisat 14.41, indicating a
sharply peaked distribution with heavier tails, which impliesthe presence of extremevauesin thedataset.
Pulses (3.07) and vegetables (2.90) are closer to aleptokurtic distribution, whereasrice (1.49) exhibitsa
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flatter peak, indicating awider spread around the mean. Skewness quantifiesthe asymmetry presentina
dataset. A positive skewnessindicatesthat the distribution hasalonger tail ontheright side. Whesat exhibits
thehighest skewnessat 3.49, Sgnifying astrong positive skew whereafew high valuessignificantly affect the
overall data. Pulses (2.10) and Vegetables (1.09) also display positive skewness, albeit to alesser extent,
indicating moderate asymmetry. In contrast, Rice (0.99) showsthelowest skewness, suggesting that itsdata
isrelatively symmetrical when compared to the other commodities.

Therange, derived from the minimum and maximum values, illustratesthe extent of datavariation. Rice
hasthe broadest range, spanning from 42.93 to 1080.10, which indicates considerablevariability. Vegetables
also present awiderange (8.42t0 768.14), reflecting diverse levelsamong observations. Pulses (0.17 to
105.59) and Whest (0to 69.30) have narrower ranges, suggesting lessextreme variations. Each dataset for
thecommodities consistsof 28 observations, allowing for effective comparison. Thedifferencesin metrics
such asmean and standard deviation highlight variationsin scale and distribution, indicating that Riceand
Vegetablesexhibit broader and more variable patterns, while Pul ses and Wheat show morelocalized and
consstent trends.

In conclusion, the descriptive statisticsindicate that Rice and Vegetableslead in average quantity and
variability, whereas Pulses and Wheat present lower and more stable values. The skewnessand kurtosis
andysisreved sthat Whesat possessesthe most pronounced di stributi on characteristics, emphasi zing theimpact
of outliersor highvariability withinitsdataset.

The Crop Diversfication Index (CDI) isameasurethat indicatestheextent of crop diversificationina
region, with higher valuesreflecting greater diversity in cropping patterns. Chhattisgarh’sagricultura landscape
Ischaracterized by itsdistinct agro-climatic zones: The Northern Hills, the Plains of Chhattisgarh, and the
Bastar Plateau. Each zone exhibits unique cropping patternsinfluenced by factors such astopography, soil
type, water avail ability, and socio-economic conditions.

Table2: Crop Divergfication Index(CDI) of Chhattisgarh

S.No. | Crops NorthernHills | Plainsof CG | Bastar Plateau
1 | Rice 0.015 0.591 0.011
2 | Wheat 0.021 0.719 -0.239
3 | Pulses 0.004 0.829 0.0003
4 | Vegetables 0.054 0.428 0.0124
5 | Fuits 0.067 0.401 0.011
6 | Fowers 0.052 0.506 0.002
7 | Spices 0.074 0.341 0.019

(Source: authors own calculation based on secondary data)

Table 2 revea sthe CDI for mgor crop categoriesacrossagro climatic zones, offering valuableingghts
into regiond diversfication trendsand potentia strategiesfor sustainable agricultural development.

Northern Hills: Low Crop Diversification Index (CDI) Across Most Cultivars
TheNorthern Hills, characterized by their rolling landscape and restricted irrigation options, show
generally low CDI valuesfor amgjority of crops.
» Rice TheCDI of 0.015signifiesminima cultivation, asricefarming ishindered by water scarcity and
topographicd limitations.
»  Wheat: WithaCDI of 0.021, wheat productionislimited, likely dueto unfavorable climatic conditions
and soil properties.
» Pulses: The CDI for pulsesisparticularly low at 0.004, indicating alack of movement towards
leguminouscrops, despitetheir compatibility with rainfed agriculture.
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» Vegetables, Fruits, and Flowers: Moderate CDI valuesof 0.054 (vegetables), 0.067 (fruits), and
0.052 (flowers) imply somelevel of diversfication, influenced by nichefarming and opportunitiesfor
high-vauecrops.

»  Spices: A CDI of 0.074, the highest among all cropsinthisarea, indicatesarising interest in spice
cultivation, which thrivesunder the region’sagro-climatic conditionsand market demand.

TheNorthern Hillsdemonstrate limited crop diversification, primarily dueto climatic challengesand a
dependenceontraditiona agricultural methods. Focused effortsto encourage the cultivation of pulses, spices,
and high-vauehorticultural productscould foster greater diversification and enhancefarmers income.

Plains of Chhattisgarh: High Crop Diversification Index for Major Crops
ThePlainsof Chhattisgarh, known for their rich soilsand improved irrigation systems, demonstrate
notable crop diversfication across severa categories.

» Rice: WithaCrop Diversification Index (CDI) of 0.591, rice remainsthe predominant cropinthe
region, earning thetitleof the* RiceBowl of India.” However, thisheavy dependenceon paddy cultivation
raisesconcernsregarding sustainability duetoitshigh water requirements.

» Wheat: A CDI of 0.719 positionswhest as one of theleading crops, indicating favorable conditions
for rabi season cultivation.

»  Pulses: TheCDI of 0.829 reflectsastrong shift towards pul sefarming, which benefitsfrom drought
res stance and offerssignificant nutritional value.

» Vegetablesand Fruits: Moderate CDI scoresof 0.428 for vegetablesand 0.401 for fruitshighlight
theincreasing roleof horticultureasan additiona income stream.

» Flowersand Spices: CDIsof 0.506 for flowersand 0.341 for spices suggest amovetowards high-
vauecrop production, often influenced by proximity to urban marketsand demand from agro-industries.

ThePlainsshowcase considerablecrop diversfication, facilitated by favorable agro-climatic conditions,
enhanced infrastructure, and accessto markets. Nonethel ess, the prevailing dominance of rice necessitates
theimplementation of strategiesto promoteadternative cropssuch aspulsesand vegetables, amingtoaleviate
water stressand ensure sustai nable agricultural practicesinthelong run.

Bastar Plateau: Limited Crop Diversification
TheBastar Plateau, primarily inhabited by tribal communitiesand characterized by itshilly landscape
and denseforests, demonstratesalack of crop diversification:
» Rice Thecropdiversity index (CDI) for ricestandsat 0.011, indicating minimd ricecultivation, likely
dueto thelimited adoption of high-yield varietiesand insufficient irrigationinfrastructure.
»  Wheat: Withanegative CDI of -0.239, wheat cultivationisvirtually non-existent and ill-suited tothe
region’sclimatic conditions.
»  Pulses TheCDI for pulsesis0.0003, suggesting their near dasenceinloca farming practices, highlighting
an opportunity for promoting sustainablerainfed agriculture.
» Vegetablesand Fruits: CDI valuesof 0.0124 for vegetablesand 0.011 for fruitsreflect minimal
horticultural engagement, attributed to alack of technical expertiseand market connections.

» Flowersand Spices. CDIsof 0.002 for flowersand 0.019 for spicesindicate that these cropsare
largely untapped, despitetheir potentia in theregion’sagro-climatic context.

TheBadtar Plateau’ sextremely low crop diversificationisaresult of subsistencefarming practicesand
limited accessto resources and markets. Tail oring agricultural programsto the needsof tribal communities
and promoting the cultivation of spicesand pul sescould enhance sustainabl e agricultural practices.
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Overall Trends and Implications

» Regional Digparities TheChhattisgarh Plainsexhibit the highest level sof crop diversfication, supported
by favorable conditionsand improved market access. In contrast, the Northern Hillsand Bastar Plateau
show limited diversfication, primarily dueto geographica chalengesandinsufficient infrastructure.

» Over-Relianceon Rice: Riceisthe predominant crop acrossall regions, especialy inthe Plains,
whereitsCDI isnotably high. Thisreliance on monoculturerai sesconcernsabout resource depletion
and economicingtability.

» Potential for Diver sification: Pulsesand spices present viable alternatives, particularly inrainfed
regionssuch asthe Northern Hillsand Bastar Plateau.

»  High-vauecropslikevegetables, fruits, and flowersholdimmense potentia for expanding diversfication
inthePlainsand Northern Hills.

Recommendations for Enhancing Crop Diversification

» Advocatefor Drought-Resistant Crop Cultivation: Promote the growth of pulses, millets, and
oilseedsin areasrediant onrainfall to strengthenresilience and securefood supplies.

» EnhanceMarket and I nfrastructure Development: Establish cold storagefacilities, processing
centers, and efficient supply chainsto facilitate market accessfor high-value cropssuch asvegetables,
fruits, and flowers.

»  Capacity Buildingand Education: Providetraining for farmerson contemporary methodsfor growing
horticultural and spicecrops, particularly inthe Northern Hillsand Bastar Plateau regions.

»  Policy Enhancement: Broaden government procurement strategiesto encompass pulses, millets, and
spicesin addition to traditiona stapleslikericeand whest.

CONCLUSIONS

The Crop Diversification Index revea snotable differencesin agricultural diversification amongthe
agro-climatic zonesof Chhattisgarh. The Plainsdemonstrate considerablediversity, whereasthe Northern
Hillsand Bastar Plateau fall short, predominantly depending on conventional farming methods. To tackle
theseregiona imba ances, implementing focused interventions, improving infrastructure, and devel oping farmer-
oriented policiescan foster sustainable agricultural devel opment and improveincome stability for farmersin
Chhattisgarh.
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