Journal of Oilseed Brassica, 17 (2) : 93-108, July 2026 }:

RMR
Review article

Area expansion and productivity growth of Brassicain Zone-111 of India: A
compar ative analysis across agro-climatic environments

RK Yogi*, AK Sharma, Vinod Kumar, PD Meena, RS Jat and VV Singh

ICAR- Indian Ingtitute of Rapeseed Mustard Research, Sewar, Bharatpur 321 303, Rajasthan, India
*Corresponding author: raj.yogi @icar.org.in; yogindri@gmail.com
https://doi.org/10.56093/job.v17i2.1
(Received: 11 May 2026; Revised: 27 June 2026; Accepted: 29 June 2026)

Abstract

Oilseed Brassica (rapeseed—mustard and rel ated Brassicaspecies) isstrategically important to India sedible-oil economy,
farm diversification and self-reliance. Rising mustard oil consumption and India’sglobal leadership highlight itscritical
role in enhancing edible ail self-reliance and food security. Over five decades, India's Brassica sector transformed
through varietal, technological and policy interventions, targeting 25.45 million tonnes edible-oil production by 2030—
31. This study examines the long-term transformation of Brassica cultivation across AICRP on Rapeseed-Mustard
recommendation Zone-111, covering Madhya Pradesh, Rajasthan, Uttar Pradesh, Bihar and Uttarakhand, over 1976—77 to
2025-26. Using secondary data from official agricultural statistics and research databases, the study analyses changes
in area, production and productivity across five sub-periods. Compound Annual Growth Rate (CAGR) isused to assess
growth trajectories, while the Cuddy—DellaValle Index (CDVI) measuresinstability after accounting for trend effects.
Theresultsreveal substantial structural and spatial transformation in Indian Brassicaproduction. Zone-111 increased its
share of national Brassicaproduction from 69.47%in 1976—77-1985-86 to 71.06% in 2015-16—-2025-26, whileitsarea
share declined from 72.09% to 68.08%, indicating stronger productivity gains alongside area expansion. Rajasthan
emerged as the major transformation center, with its area and production shares rising sharply, whereas Uttar Pradesh
experienced a pronounced decline in both measures. National Brassica area, production and productivity recorded
overall CAGRsof 1.54%, 3.79% and 2.22%, respectively, while Zone-111 registered 1.45% areaand 3.87% production
growth. Productivity increased markedly, although substantial inter-state yield differences persisted. Bihar demonstrated
production and productivity improvement despite contraction in cultivated area, whereas Uttarakhand showed expansion
in area and production within the Western Himalayan region. Instability analysis indicates greater fluctuations in
production than area at the national level, with pronounced regional differences. The findings highlight the need for
location-specific technologies, quality seed systems, climate-resilient varieties, efficient market linkages, processing
infrastructure, farmer producer organizations and stronger local institutions. An integrated productivity—market—
institutional strategy isessential to harness Zone-111’spotential, strengthen farmer profitability and contributeto India's
edible-ail self-reliance and sustainable agricultural development. Such an approach can support inclusiveintensification
while reducing production risks and strengthening resilient regional value chains.

Keywords: Agro-climatic zone, AICRP Zone-Ill, compound annual growth rate; cuddy—della valle index, Indian
mustard, toria, yellow sarson, yield

I ntroduction

Agricultureremainsan important component of the global
economy, withitssharein global GDPremaining around
4% since 2000 (FA O Statistics 2022). Within agriculture,
the oilseed sector constitutes an important segment
because of its contribution to edible-oil supply, food and
nutritional security, livestock feed, farm income and
industrial uses. Among oilseed crops, oleiferous Brassica
species, commonly referred to as rapeseed—mustard, are
economically important commodities cultivated across
more than 50 countries in Asia, Europe, America and
Australia (Prakash and Hinata 1980; Gomez and Prakash

1999). The family Brassicaceae includes several
economically important species used as sources of edible
oil and food aswell as ornamental plants (Shehbaz et al.,,
2006 and Meyer et al.,, 2013). The crop group aso has
considerable potential to meet human, animal and crop
requirementswhile generating beneficia effectsfor health,
environment and the economy (Raboanatahiry et al., 2021).
Rapeseed, canola and mustard together constitute the
third-largest source of vegetable oil globally.

The historical and geographical importance of Brassica
further reinforcesitsglobal significance. Indiahasalong
history of rapeseed cultivation dating back to 4000 BC,
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with subsequent spread to China and Japan (Snowdon
et al., 2006 and Daun JK 2011), while the crop was
subsequently introduced into Europe and New Zealand,
where wild forms of its ancestors were also identified
(zafar et al., 2015 and Shahzadi et al., 2015). Among
amphidiploid species, Brassica juncea (mustard), derived
from Brassica campestris L. and B. nigra L., is widely
cultivated in Asia and occurs in several forms
(McNaughton, 1995). Indian mustard is particularly
important in warmer environments, especialy in Indiaand
China (Liu et al., 2022). Comparative studies have
demonstrated the agronomic potential of B. juncea;
Woods et al., (1991) reported higher yield and protein
content in mustard than canola under western prairie
conditions, whileKjelstrom (1993) observed ahigher post-
flowering crop growth rate of B. juncea than B. napus
under European conditions. The devel opment of double-
low B. juncea varieties in Canada further expanded its
potentia asacanola-type crop (Pottset al., 2003; McVetty
et al., 2015). The global Brassica sector is therefore
strategically important not only for edible-oil production
but also for genetic improvement, crop diversification
and sustainable agricultural systems. Heterosisin oil seed
Brassicawasrecognized asearly asthe 1940s (Sun 1943),
while the subsequent introgression of cytoplasmic male
sterility from radish through the Ogura system into B.
juncea strengthened the prospects for hybrid
development (Banga and Labana 1984). Multivariate
analyses have identified distinct varietal groups
associated with geographical centres of origin (Singh et
al., 2014), while Myanmar has been identified as an
important reservoir of B. juncea genetic diversity between
the secondary centres of China and India (Wakui et al.,
2016). The crop also possesses nutritional and health-
related attributes, with leaves and seeds containing
glucosinolates and isothiocyanates (Ishida et al., 2014;
Shahzadi et al., 2015).

Against this global background, India faces a major
edible-oil challenge. About 90 million tons of rapeseed—
mustard is produced annually worldwide across 64
countries. Indiaaccountsfor approximately 22% of global
rapeseed—mustard area and about 16% of global
production, making it one of the leading producers
(FAOSTAT, 2026, STATISTA, 2026; World Rapeseed
Production, 2026 and 3¢ Advance Estimates 2026,
Directorate of Economics and Statistics, Ministry of
Agriculture and FarmersWelfare, Government of India).
Nevertheless, India sdomestic edible-oil supply remains
insufficient to meet growing demand, resulting in
substantial dependence onimports. Vegetable-oil imports
increased from 13.13 million tons in 202021 to 16.01
million tonsin 2024-25, while the edible-oil import bill

reached Rs. 1.61 lakh crorein 2024—25 and isprojected to
exceed Rs. 1.75 lakh crore in 202526 (The Solvent
Extractors Association of India, 2026). Continued import
dependence exposesndiato international pricevolatility,
exchange-rate movements and supply disruptions. The
import basket is dominated by crude and refined palm
oils, soybean oil and sunflower oil (Balgji et al., 2022).
Consequently, increasing domestic oilseed production
through productivity enhancement, improved
technologies and high-yielding, high-oil varieties and
hybrids remains central to strengthening edible-oil self-
reliance (Kumria R 2023). Mustard oil consumption is
North centric and double low-quality mustard enabling
to enhance consumptionin South India(339AGM, AICRP
RM 2026). The challengeisfurther intensified by rising
future demand. By 2050, edible-oil demand isexpectedto
increase by 52—76% (NIAP 2025), while India may
continue to import about 15-20 million tonnes annually
under the behavioristic approach-scenario-1 (NITI AY OG
2024). Qil and fat prices have also shown arising trend
since January 2024 despite negative inflation (Ministry
of Statistics and Program Implementation, Government
of India and Office of Economic Adviser, Ministry of
Commerce and Industry 2025). The structure of India's
edible-oil market, comprising approximately 35% raw ail,
55% refined oil and 10% vanaspati, further highlightsthe
importance of a reliable domestic oilseed base (Hegde
and Venkattakumar 2010). Thus, India'soilseed challenge
is not attributable to inadequate price incentives alone
but also reflects structural constraints related to
productivity, technology adoption, production risk,
processing and market systems.

Within this context, Oilseed Brassica-comprising
rapeseed-mustard, toria and related Brassica species-
occupiesastrategic positionin India sedible-oil economy.
It contributes substantially to domestic vegetable-oil
availability, farm-income diversification and nutritional
security. Mustard oil contains appreciable proportions
of monounsaturated fatty acids, particularly oleic acid,
together with polyunsaturated fatty acidssuch aslinoleic
and a-linolenic acids (ICMR-NIN 2024 and FSSAI 2022).
Brassica also contributes to sustainable cropping
systems beyond India. In Kenya, oilseed mustard has
demonstrated potential as a break crop in semi-arid
regions by supporting crop diversification and improving
cereal-system sustainability (Anguset al., 1999; Mahasi
et al., 2008). Similarly, promotion of region-specific,
seasonally adapted crops and locally produced
agricultural commodities can reduce per-capita water
footprints and improve the sustainability of agricultural
water use (Jayaram and Mathur 2015). In India, food
production used approximately 791.10 BCM of water in



2007-08, with oilseeds accounting for about 9% of
agricultural water use, whilethe economic value of water
for rapeseed—-mustard varied substantially across states.
Over the past five decades, India’s Brassica sector has
undergone considerable technological and institutional
transformation. Varietal improvement, improved
production technol ogies and government programmes—
including the Technology Mission on Oilseeds (TMO),
National Mission on Oilseeds and Oil Palm (NMOOP),
and the National Mission on Edible Oils—Oilseeds
(NMEO-0S)-have contributed to improvements in
production and productivity. Maharashtra’'s post-TMO
oilseed growth, for example, was associated with
substantial productivity gains and increased adoption
of soybean and sunflower (Pagire and Nikam 2013).
However, the quantitative gainsachieved duringthe TMO
period were not sustained at the same rate in the post-
TMO period (Jat et al., 2019). This indicates that
technological and policy interventions have generated
significant progress but that further productivity,
institutional and market interventions remain necessary.

Importantly, this transformation has not been spatially
uniform. Production has increasingly concentrated in
traditional Indian Mustard Dominated Areas (IMDA),
particularly Rajasthan, Haryana and Madhya Pradesh,
whereas Eastern and North-Eastern India constitute a
distinct ecological and socio-economic production
system characterized largely by Toriaand Yellow Sarson.
These regions also possess substantial potential for
Brassicaexpangion. Ingtitutional and market interventions
have supported farmer participation in mustard
procurement; approximately 5.1 lakh farmers benefited
from mustard seed procurement during RM S 2024-25
(CACP2024), whilein Rgjasthan, 6.091akhMT of mustard
seed was procured through 249 centres, benefiting 2.87
lakh farmersduring RM S 201920 (NAFED, 2019). Yogi
et al. (2026) reported that the rapeseed—mustard sector
generates approximately Rs. 80,000 crore in economic
value and over 300 million person-days of employment
annually. The sector’s sustained production growth
contributes significantly to farmers income, strengthens
India's edible oil economy, enhances domestic oilseed
availability, and supportsthe country’sgoal of edible oil
self-reliance. Despite these devel opments, thereremains
a critical research gap in understanding the long-term
spatial restructuring, differential growth trajectories,
productivity dynamics and instability of Brassica
cultivation across major production environmentswithin
India’ sAICRP-RM research zones. Existing studieshave
largely examined national trends, individual states,
specific technologies, supply response, productivity or
policy interventions. A comparative long-term
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assessment integrating area expansion, production
growth, productivity enhancement and instability across
a geographically diverse research zone is therefore
necessary to understand whether India’s Brassica
transformation has been driven primarily by area
expansion, productivity improvement, or changes in
regional concentration.

Against this background, Zone-Il1 of the All India
Coordinated Research Project on Rapeseed-Mustard
(AICRP-RM), coordinated by ICAR-Indian Institute of
Rapeseed-Mustard Research (ICAR-1IRMR), Bharatpur,
Rajasthan, provides an important analytical setting. The
zone encompasses major and contrasting Brassica
production environments, including Madhya Pradesh,
Rajasthan (Eastern), Uttar Pradesh, Bihar and
Uttarakhand. Its geographical diversity, contrasting
production systems and changing relative contributions
to national Brassica production make it particularly
relevant for examining long-term structural
transformation. Currently, the varieties of Indian mustard
(PM 37,BPM 1825, BPM Q 172); Toria (Pant Toria 508
and Azad Chetna); Yellow Sarson (Pant Sweta) and
Taramira (Krishna Tara) released for the various states
under Zone-111. Accordingly, the present study
comparatively analyses changes in area, production,
productivity and production stability across major
Brassica production regions during 1976—77 to 2025-26.
Specifically, it examines regional shifts in Brassica
cultivation patterns, identifies differential growth
trajectories and productivity dynamics, and assesses
instability across production regions. The study further
seeks to identify location-specific institutional,
technological and market-oriented pathways for
sustainable Brassica development and enhanced
contributionto India sedible-oil self-reliance.

M ethodology
Sudy areaand temporal coverage

The study covers al major Brassica-growing states of
India with special emphasis on the agro-ecological/
research Zone-111. AICRP-Rapesed and Mustard Zone-
Il refers to one of the agro-ecological/research zones
under the All India Coordinated Research Project on
Rapeseed-Mustard (AICRP-RM), coordinated by the
ICAR-Indian Institute of Rapeseed-Mustard Research
(ICAR-IIRMR), Bharatpur, Rajasthan. This zoning is
specificto rapeseed-mustard research, multilocationtrials,
variety evaluation, and recommendations. It groups
locations with similar growing conditions for Brassica
growing states of India to develop and recommend
location-specific varieties and technologies. Based on
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classification of Agro-Climatic Zones by the Planning
Commission (now NITI Aayog) in 1988-89, states under
AICRP Rapesed and M ustard recommendation Zone-111
wereclustered into five Agro-Climatic Zones:

i. CPand H+WP and H-Central Plateau and Hills
+ parts of Western Plateau and Hills (Madhya
Pradesh)

i WDR-Western Dry Region (Rajasthan)

iii. MUGP-Middleand Upper Gangetic Plains (UP)
iv. L GP-Lower Gangetic Plain (Bihar)

V. WHR-Western Himalayan Region (Uttarakhand)

Based on production ecol ogy and dominance of Brassica
groups, states were classified into three broad agro-
production zones:

l. Indian Mustard Dominated Area (IMDA):
Rajasthan, Haryana, Madhya Pradesh, Uttar
Pradesh, Gujarat and other major mustard-
producing states.

Il. Toria and Yellow Sarson Dominated Area
(TYSDA): Assam, West Bengal, Bihar,
Jharkhand, Arunachal Pradesh, Nagaland,
Manipur, Meghalaya, Mizoram, Tripura, Odisha
and adjoining eastern states.

. Brown/Gobhi Sarson Dominated Area(BGSDA):
Jammu and Kashmir, Himacha Pradesh, Punjab,
Uttarakhand and Himalayan regions.

The IMDA/TY SDA/BGSDA aggregate includes other
states outside Zone-111. Hence, the aggregates may differ.
Theanaysiscoversa50-year period from 197677 to 2025—
26, divided broadly into five decadal phases. This
periodisation enables evaluation of technological,
institutional and policy-induced changes in AICRP
Rapesed and Mustard recommendation Zone-I11. Jhaand
Sinha (2013), have studied the price of soybeans and
rapeseed, based on monthly wholesale prices of these
products by using time series data and neural networks
methods. Meenaet al. (2014) forecasted the mustard seed
and oil prices in sdlected Indian markets by using time
seriesand ARIMA mode.

Data sour cesand stakeholder consultation

The study primarily relies on secondary data collected
from officia sourcesincluding Directorate of Economics
and Statistics (DES), Ministry of Agricultureand Farmers

Welfare, Government of India; Agricultural Statisticsat a
Glance; State Agricultural Statistics publications; ICAR
research databases; Directorate of Rapeseed-Mustard
Research/ICAR-1IRMR datasets; and published research
literature and policy documents related to oilseed
development. The quantitative database includes state-
wise information on area under Brassica cultivation
(thousand hectares), production (thousand tons) and
productivity (kg ha?). To supplement secondary analysis,
expert consultations were considered from scientists,
extension personnel, market stakeholders, seed agencies
and progressive farmersinvolved in Brassica cultivation.
Focus Group Discussions (FGDs) were used to understand
practical constraints related to access to improved
varieties, seed availability, price realization, market
infrastructure, processing facilities and institutional
support mechanisms. These qualitative insights were
integrated with quantitative results to interpret
sustainability challenges and devel opment opportunities.

Analytical framework

Compound Annual Growth Rate (CAGR): Temporal
growth performance of area, production and productivity
was estimated using exponential growth function (Gujarati
and Porter, 2009):

¥, =abt

Taking logarithms:

In(Y¥.) =In(a) + tin (b)

where;

¥,= area/production/productivity in yesr t,

= constant,

h=regression coefficient.
The CAGR was calculated as:
CAGR = (Antilog(h) — 1) x 100

CAGR analysis was used to identify long-term growth
trajectories and regional transformation patterns.

Cuddy-Della Valle Index (CDVI): Instability in area,
production and productivity was measured using the
Cuddy-DellaValleIndex (Cuddyand Della, 1978):

CDVI =CV+1—R?

where;

CV =coefficient of variation,

R2=coefficient of determination from trend regression.

The CDVI adjusts simple variahility by removing trend
effectsand providesamorereslistic measure of instability.



Lower CDVI values indicate greater stability, whereas
higher values represent production uncertainty caused
by climatic shocks, market fluctuations, technological
l[imitations or institutional weaknesses. The study
combines growth and instability indicators to evaluate
sustainability pathways. Regions were compared based
on expansion potential, productivity improvement,
production stability and institutional support
requirements. Theanalytica framework links quantitative
evidencewith stakeholder perspectivestoidentify market
access, local institutional mechanisms and value-chain
interventions required for sustainable Brassica
development in India.

Limitation of thestudy

This study is based on the secondary data sources and
stakeholders’ consultations. Theclassification of IMDA/
TYSDA/BGSDA is based on crop concentration and
stakeholders' consultations. Hence, interpretation and
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use of the findings must be based on the state specific
estimates for specific recommendations and policy
decisions.

Resultsand Discussion
Spatial transfor mation and regional concen-
tration of Brassicacultivation

A marked regional transformationin Brassicacultivation
in AICRP on Rapeseed-Mustard recommendation Zone-
Il isdepicted in Fig 1. Indian Mustard Dominated Areas
(IMDA) shifted decisively towards the western dry
region, with Rajasthan’'s share rising from 15.26% to
41.54%, while Uttar Pradesh from Middle and Upper
Gangetic Plains (MUGP) declined sharply from 47.49%to
13.40%, indicating spatial concentration. Madhya
Pradesh from Central Plateau and Hills+ partsof Western
Plateau and Hills(CP and H+WP and H) showed moderate
increasefrom 7.03% (1976-77to 1985-86) to 11.83% during

% Share

WHR LGP BGSDA CP&&;{

1976-77 t01985-86 0 231 421 7.03
= 1986-87 10995-96 0 1.77 3.07 10.03
1996-97 t02005-06 024 1.56 236 10.1
52006-07t02015-16  0.25 1.41 1.83 11.61
2015-16t02025-26  0.23 1.09 14 11.83
B 1976-77t0 2025-26 027 1.54 237 10.46

TYSDA MUGP M Zone III IMDA
16.59 47.49 15.26 72.09 79.2
16.71 19.95 35.27 67.02 80.22
14.27 15.86 42.85 70.51 83.37
17.18 11.27 452 69.74 80.99
19.62 13.4 41.54 68.08 78.98
17.05 19.14 37.97 69.26 80.58

Fig. 1: Share in area of Oilseed Brassica across various agro-climatic zones over the five sub-periods in Zone--11I (in %)

Source: Author’s Estimates. *The IMDA/TYSDA/BGSDA aggregate includes other states outside Zone-I1I.

Table1: Sharein production of oil seed Brassicaacrossvarious agro-climatic zonesover thefive sub-periodsin Zone-111 (in %)

Crop group /Agro-Climatic Zone(State)

197677 198687 199697 200607 201516 197677

to to to to to to
198586 199596 200506 201516 202526 202526
Indian Mustard Dominated Area(IMDA) 7953 8412 87.34 86.49 85.83 85.56
i. Centra Plateau and Hills + parts of Western 6.30 953 943 1085 11.80 10.39
Plateau and Hills (Madhya Pradesh)
ii. Western Dry Region (Rajasthan) 1819 AT73 439 4761 2490 4189
iii. Middleand Upper Gangetic Plains (UP) 4267 2014 1545 1093 1329 16.29
Toriaand Yellow Sarson Dominated Area(TY SDA) 1445 1312 1056 1208 1310 1253
iv. Lower Gangetic Plain (Bihar) 231 164 134 129 092 130
Brown/ Gobhi Sarson Dominated Area(BGSDA) 6.03 299 210 143 108 199
v.  Western Himalayan Region (Uttarakhand) - - 017 017 015 021
AICRP Repeseed and Mudtard recommendation Zone- 11l 69.47 66.04 7032 70.85 7106 69.99
All India 10000 10000 10000 10000 10000  100.00

Source: Author’s Estimates. * The IMDA/TYSDA/BGSDA aggregate includes other states outside Zone-111.
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2015-16t02025-26. Incontragt, Bihar from Lower Gangetic
Plain (LGP) couldn’t retain comparative advantage in
Toria and Yellow Sarson Dominated Areas (TY SDA).
However, Uttarakhand from Western Himalayan Region
could retain its comparative advantage in Brown / Gabhi
Sarson Dominated Area(BGSDA). Overdl, theareashare
of AICRP on Rapeseed-Mustard recommendation Zone-
[11 showed moderate declinefrom 72.09% (1976-77 to 1985
86) to 68.08% during 2015-16 to 2025-26.

Table 1 demonstrates a progressive concentration of
Brassica production in the Indian Mustard Dominated
Area(IMDA), whose shareincreased from 79.53% during
1976-77t0 1985-86 to 85.83% during 2015-16 to 2025-26,
led by Rajasthan, Haryana and Madhya Pradesh. The
sharp decline in Uttar Pradesh’s contribution reflects a
major geographical restructuring of production. In
contrast, Bihar from Lower Gangetic Plain couldn’t retain
comparative advantage in Toria and Yellow Sarson
Dominated Areas(TY SDA).

However, Uttarakhand from Western Himalayan Region
could retain itscomparative advantage in Brown / Gaobhi
Sarson Dominated Area(BGSDA). Overal, theproduction
share of AICRP on Rapeseed-Mustard recommendation
Zone- |11 showed moderateincreasefrom 69.47% (1976-
77101985-86) to 71.06% during 2015-16 to 2025-26. Within
IMDA, Rgjasthan emerged astheleading transformation
centre, with itsareashareincreasing from 15.26% during
1976-77 to 1985-86 t0 41.54% during 2015-16 to 2025-26
and production share rising from 18.19 to 44.90%. In
contrast, Uttar Pradesh experienced asignificant decline,
with areasharefdling from 47.49to 13.40% and production
sharefrom 42.67 to 13.29%. Thisshift reflects changing

comparative advantages due to adoption of improved
varieties, mechanization, better market connectivity and
favourable policy support inwestern India. In comparison,
Eastern and North-Eastern India, represented largely by
the Toriaand Yellow Sarson Dominated Area(TY SDA),
maintained strategic importance despite a relatively
smaller national share. The region’s area contribution
increased from 16.59 % during 1976-77 to 1985-86 to
19.62% during 2015-16 to 2025-26, while production share
declined from 14.45t0 13.10%. Although theregiona share
remained stable, substantial internal restructuring
occurred. The analysis reveals a profound spatial
transformation in India’ s Brassica cultivation in AICRP
on Rapeseed-Mustard recommendation Zone- |11 during
197677 to 202526, characterized by increasing spatial
concentration of production in the Indian Mustard
Dominated Area (IMDA), particularly Ragjasthan. This
indicatesthat the strengthening of Zone-111’s production
share was supported by both substantial area expansion
and productivity improvement, with productivity gains
contributing increasingly to production growth. Table 2
reveals a substantial expansion in Brassica area across
India, increasing from 3.79 million haduring 1976-77 to
1985-86t0 7.59 million haduring 2015-16 to 2025-26. While
the Indian Mustard Dominated Area (IMDA) remained
the principal growth driver, the Toriaand Yellow Sarson
Dominated Area(TY SDA) recorded notable shrinkagein
Bihar state of the AICRP on Rapeseed-Mustard
recommendation Zone I11. Conversely, Brown / Gobhi
Sarson Dominated Area (BGSDA) witnessed persistent
contraction with an expansion in the Uttarakhand state
of Western Himalayan Region.

The observed spatial redistribution reflects changing

Table 2: Average areaunder oilseed brassicaacross various agro-climatic zones over the five sub-periodsin Zonelll (in

thousand hectares)

Crop group /Agro-Climatic Zone(State) 197677 198687 199697 200607 201516 197677
to to to to to to
198586 199596 200506 201516 202526 202526
Indian Mustard Dominated Area(IMDA) 300208 445721 502209 500913 599088 4696.28
i. Centra Plateau and Hills + parts of Western 26662 55719 60819 71830 89730 60952
Plateau and Hills (Madhya Pradesh)
ii. Western Dry Region (Rajasthan) 57837 195061 258121 279568 315058 221309
iii. Middleand Upper Gangetic Plains (UP) 180007 110845 956564 69712 101618 111549
ToriaandYellow SarsonDominatedArea(TYSDA) 62879 92836 85972 106244 148816 99349
iv. Lower Gangetic Plain (Bihar) 87.62 BHA 9384 87.07 82.75 89.97
Brown/Gobhi Sarson DominatedArea(BGSDA) 15970 17039 14230 11339 10614 13838
v.  Western Himalayan Region (Uttarakhand) - - 1443 1523 1728 1583
AICRPRepessed and Mudtardrecommendation Zone- 11l 273268 372379 424754 431341 516409 403630
All India 379057 555596 602411 618496 758517 582815

Source: Author’s Estimates. * The IMDA/TYSDA/BGSDA aggregate includes other states outside Zone-111.



comparative advantages and policy influences.
Uttarakhand state performed better with itsareaexpansion
from 14.03 thousand hectaresto 17.28 thousand hectares
and production from 9.87 thousand tonnes to 15.98
thousand tonnes, particularly after 2006-07. Table 3
indicates a fivefold increase in national Brassica
production, from 2.17 milliontonsduring 1976-77 to 1985-
86 to 10.92 million tons during 2015-16 to 2025-26,
reflecting technol ogical advancement and policy support
in the AICRP on Rapeseed-Mustard recommendation
Zonelll toofrom 1.50 milliontonsduring 1976-77t0 1985
86 to 7.76 million tons during 2015-16 to 2025-26. The
Indian Mustard Dominated Area (IMDA) remained the
principal production hub, whereas the Toriaand Yellow
Sarson Dominated Area(TY SDA) morethan quadrupled
itsoutput, led by remarkable gainsin Bihar state of L ower
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Gangetic Plain and Uttarakhand state of Western
Himalayan Region. Gangwar and Singh (2015) applied
the double-log Nerlovian lagged adjustment model,
highlighting gradual acreage adjustment toward long-run
desired levelsbased on previous-year acreage and market
conditions in Uttar Pradesh state. NABARD (2022)
reported relatively low-price responsiveness of rapeseed-
mustard supply (elasticity 0.22), indicating limited acreage
adjustment to price changes compared with coarse grains
and edibleoils.

Table 4 highlights substantial productivity gainsin the
AICRP on Rapeseed-Mustard recommendation Zonel 1,
with the national averageyield increasing from 569 kg/ha
during 1976-77 t0 1985-86 to 1437 kg/haduring 2015-16 to
2025-26, reflecting the combined effects of improved

Table 3: Average production of oilseed brassica across various agro-climatic zones over the five sub-periodsin Zone 11

(in thousand tons)

Crop group /Agro-Climatic Zone(State) 197677 198687 199697 200607 201516 197677
to to to to to to
198586 199596 200506 201516 202526 202526
Indian Mustard Dominated Area(IMDA) 172883 39929 506366 612785 937537 525900
i. Centra Plateau and Hills + parts of Western 13697 45294 54650 76871 128021 63887
Plateau and Hills (Madhya Pradesh)
ii. Western Dry Region (Rajasthan) 39545 165124 255055 337299 490476 257500
iii. Middleand Upper Gangetic Plains (UP) 2761 95752 8604 77460 145169 100149
ToriaandYellow SarsonDominatedArea(TYSDA) 31409 62373 61227 85560 143077 77024
iv. Lower Gangetic Plain (Bihar) 5017 7813 7798 9163 10103 79.79
Brown/Gobhi Sarson DominatedArea(BGSDA) 13101 14216 12185 10119 11754 1235
v.  Western Himalayan Region (Uttarakhand) - - 987 11.87 1598 129
AICRPRepeseed and Mudtard recommendation Zone-lll 151020 313983 407699 501979 776266 4301.89
All India 217393 475413 579778 708473 1092369 6146.85

Source: Author’s Estimates. * The IMDA/TYSDA/BGSDA aggregate includes other states outside Zone-111.

Table4: Averageyield of oilseed brassicaacross various agro-climatic zones over thefive sub-periodsin Zone-111 (inkg/ha)

Crop group /Agro-Climatic Zone(State) 197677 198687 199697 200607 201516 197677
to to to to to to
198586 199596 200506 201516 202526 202526

Indian Mustard Dominated Area(IMDA)

i. Centra Plateau and Hills + parts of Western 48.00 80300 8450 106650 143950 93570
Plateau and Hills (Madhya Pradesh)

ii. Western Dry Region (Rajasthan) 63500 84050 98530 120540 156180 104560

iii. Middleand Upper Gangetic Plains (UP) 53220 85970 95050 110960 140950 97230
Toriaand Yellow Sarson Dominated Area(TY SDA)

iv. Lower Gangetic Plain (Bihar) 57300 78900 83010 105300 121940 89290
Brown/ Gobhi Sarson Dominated Area(BGSDA)

v.  Western Himalayan Region (Uttarakhand) - - 68617  7/570 91790  809.73

All India 56880 84730 96210 114410 143720 99190

Source: Author’s Estimates. * The IMDA/TYSDA/BGSDA aggregate includes other states outside Zone-111.
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varieties, technological interventionsand policy support.
Gross Vaue of Output (GVO) analysis revealed that
rapeseed—mustard generated substantially higher
economic returns (Rs. 88,559 ha?) than safflower (Rs.
16,691 ha') among rabi oilseeds (CACP Report, 2024-25).
Within the Al CRPon Rapeseed-Mustard recommendation
Zonelll, significant yield improvements were observed
inToriaand Yellow Sarson Dominated Area(TY SDA.

However, the Bihar state of Lower Gangetic Plain and
Western Himalayan Region remained alow-productivity
region comparatively. Despite expansion in cultivated
area, considerableinter-stateyield gapspersist, indicating
untapped production potential. Bridging these gaps is
essential for achieving sustainable and inclusive Brassica
development across the Zone-111. Yogi et al. (2026)
assessed theimpact of different Indian mustard varieties
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2006-07t02015-16 -3.8 -0.39 0.07 -1.22
m2015-16t02025-26 11.99 -0.71 1.63
| 1976-77to 2025-26 -1.63 -1.14 -0.21

and reported substantial yield improvements, ranging from
5to 20%, highlighting the potential of varietal adoption
inenhancing mustard productivity. Chand and Raju (2009)
examined agricultura instability acrosstechnological and
policy phases, highlighting yield stability as a crucia
indicator for assessing crop performance and production
reliability inIndia.

Growth performance areaexpangon, production
accder ation and productivity improvement

Thegrowth analysishighlightsthat production expansion
has been primarily driven by productivity improvement
combined with selective area expansion. At the national
level, Brassicaareaincreased at an overall CAGR of 1.54%,
while production registered amuch higher growth rate of
3.79% and productivity increased at 2.22% annually

vpa Tyspa PEEWE wor o wer
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over the five sub-periods in Zone-III (in %)

Fig. 2: Compound Annual Growth Rate (CAGR) in area of Oilseed Brassica across various agro-climatic zones

Source: Author’s Estimates. *The IMDA/TYSDA/BGSDA aggregate includes other states outside Zone-III.
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Fig. 3: Compound Annual Growth Rate (CAGR) in production of Oilseed Brassica across various agro-climatic

Source: Author’s Estimates. *The IMDA/TYSDA/BGSDA aggregate includes other states outside Zone-III.



during 1976-77 to 2025-26. Similarly, the AICRP on
Rapeseed-Mustard recommendation Zone |11 witnessed
an overall CAGR of 1.45% in acreage and 3.87% in
production. This confirms that technological
advancement, improved genetic material and better
production practices have played a dominant role in
India's Brassica transformation. Chauhan et al., (2016)
reviewed India's seed sector, emphasizing quality
assurance, seed-chain development, rising public-private
participation, increased seed production, and policy
support for improving seed and varietal replacement rates
infield crops.

The TYSDA region recorded higher long-term area
growth (1.93%) compared with IMDA (1.54%),
demonstrating emerging opportunities for Eastern and
North-Eastern India. Within the region, Western Dry
Region recorded impressive areagrowth (4.20% annually)
and production growth (6.53% annually), indicating
successful adaptation of Brassica cultivation within
existing cropping systems. Madhya Pradesh state from
Central Plateau and Hills + parts of Western Plateau and
Hillsalso showed rapid expans on during 2015-16 to 2025-
26, with production growth exceeding 5% annually. Fig 2
reveals distinct temporal and regional shiftsin Brassica
areaexpansion. At thenational level, areagrew at 1.54%
annually, driven primarily by rapid expansion during the
Yellow Revolution and the hybrid phase. The Indian
Mustard Dominated Area (IMDA) exhibited sustained
long-term growth (1.54%), whereasthe Toriaand Yellow
Sarson Dominated Area (TY SDA) recorded arelatively
higher overall growth (1.93%), reflecting emerging
opportunities in Eastern and North-Eastern India. Bihar
experienced area contraction but substantial production
growth due to strong productivity improvement. These
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contrasting trends underscore the importance of region-
specific market access, institutional support, and
technology dissemination to sustain Brassica-based
agricultural development. Productivity growth was the
major contributor to sustainable production
enhancement. National yield increased from 569 kg hat
during the traditional period to 1,437 kg ha? during the
NMEO phase. Nevertheless, substantial yield gapsremain
compared with leading mustard-producing states such
as Rajasthan, Haryana and Madhya Pradesh. These
differencesindicate opportunitiesfor targeted technology
dissemination, improved seed replacement, precision
production practices and stronger extension networks.

Fig 3 indicates robust long-term growth in Brassica
production, with national output expanding at a CAGR
of 3.79%, led by the Western Dry Region (6.53%) of the
AICRP on Rapeseed-Mustard recommendation Zonell1.
TheToriaand Yellow Sarson Dominated Area(TY SDA)
also recorded sustained production growth, reflecting
the increasing significance of Lower Gangetic Plain
(Bihar). The accelerated growth in the AICRP on
Rapeseed-Mustard recommendation Zone |11 highlights
the region’s untapped production potential. As per the
CACP Report 2024-25, Rapeseed—mustard redlized yield
(13.9 g/ha) approached its potential (17.1 g/ha), with the
lowest averageyield gap (13.5%) among major rabi crops,
indicating comparatively efficient productivity and
substantial scope for bridging the remaining 18.7%
potential yield gap. The potential increase in Rapeseed
and Mustard production is estimated at 0.9 lakh tonnes
can beobtained by reducing yield gap by 5%. Fig 8 depicts
that productivity enhancement has been the principal
driver of Brassicatransformation. During 2015-16to 2025-
26, animprovement inyield was observed in al mustard
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over the five sub-periods in Zone- I1I (in %)

Fig. 4: Compound Annual Growth Rate (CAGR) in yield of Oilseed Brassica across various agro-climatic zones

Source: Author’s Estimates. *The IMDA/TYSDA/BGSDA aggregate includes other states outside Zone-III.
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growing States of the AICRP on Rapeseed-Mustard
recommendation Zone Il ranging from 1.86% in Lower
Gangetic Plain (Bihar) to 2.63% in Central Plateau and
Hills + parts of Western Plateau and Hills (Madhya
Pradesh), whileWestern Dry Region Rajasthan, whichis
dominating state, registered alittle growth (0.25%) inthe
current period as compared to previous period (1.46%).
Aslow or moderate growth was recorded in most of the
major States, 2.22 % growthinyield waswitnessed at all-
India level during 1976-77 to 2025-26. In AICRP on
Rapeseed-Mustard recommendation Zone I11, positive
long-term gainsin Bihar indicate improving production
efficiency, although considerable inter-state variability
persists. The stagnant growthinyield (0.03%) acrossthe
lower Gangetic plains observed during 2015-16 to 2025-
26 underscores the need for location-specific
technologies, efficient market access, quality seed
systems, and stronger local institutions to achieve

sustainable and inclusive Brassica devel opment.
Sability analysisand sustainability concerns

Fig 5 highlights considerabl e instability in Brassicaarea
dynamics across regions, as reflected by the Cuddy—
Della Valle Index (CDVI). At the national level, area
instability remained moderate (15.17), withthe AICRPon
Rapeseed-Mustard recommendation Zone |11 showing
relatively higher fluctuations (22.75) due to the
adjustments in the Middle and Upper Gangetic Plains
(32.94). However, Lower Gangetic Plain and Western
Himalayan Region demonstrated comparatively stable
expansion. The Cuddy—Della Valle Index analysis
indicates that production instability remains a major
challenge. Nationally, instability was higher for
production (19.54) compared with area(15.17), suggesting
that climatic variability, yield fluctuations and market
uncertainties significantly influence Brassicaoutput (Fig
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Fig. 5: Cuddy—Della Valle Index (CDVI) of area of Oilseed Brassica across various agro-climatic zones over the
five sub-periods in Zone-III (in %)

Source: Author’s Estimates. *The IMDA/TYSDA/BGSDA aggregate includes other states outside Zone-III.
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6). Yield instability remained comparatively lower, with
thenational CDV| of 8.75, indicating gradual technological
stabilization. Lower Gangetic Plain (Bihar) and Western
Himalayan Region exhibited improved yield stability
during 2015-16 to 2025-26, suggesting benefits from
technological interventions and improved management
practices during recent periods. Similarly, Middle and
Upper Gangetic Plains (Uttar Pradesh) also experience
lower yield fluctuations during recent periods (Fig 7).
Strengthening location-specific research, climate-resilient
varieties, extension services, and farmer-oriented
institutionsis essential to minimizeyield instability and
promote sustainable Brassicaintensification intheregion.

Implicationsfor sustainable Brassica devel-
opmentinZone-l ||

The findings demonstrate that the AICRP on Rapeseed-
Mustard recommendation Zone 111 showed significant
Brassica-based agricultural transformation. Theregion's
future growth is unlikely to emerge solely through area
expansion; rather, it requires productivity enhancement
and institutional strengthening. The increasing
contribution of Central Plateau and Hills + parts of
Western Plateau and Hills (Madhya Pradesh) and
recently in Middle and Upper Gangetic Plains (UP)
illustrates the feasibility of developing decentralized
Brassicaproduction clusterslinked with local processing,
seed systems and farmer organizations. The evidence
suggests that sustainable Brassica development in the
region requires a shift from production-oriented
interventionstowardsintegrated val ue-chain approaches.
Improved market access, assured procurement
mechanisms, farmer producer organizations, climate-
resilient varieties, digital advisory services and region-
specific extension strategies can reduce production risks
and enhancefarm profitability.

Policy implications

The transformation observed in leading Brassica-
producing states demonstrates that productivity
enhancement, assured markets and effectiveinstitutional
support are critical drivers of long-term agricultural
development. The findings of the study highlight that
the AICRP on Rapeseed-Mustard recommendation Zone
Il possess considerable potential for productivity
improvement acrossthe Western Dry Region (Rgjasthan),
Central Plateau and Hills + parts of Western Plateau and
Hills (Madhya Pradesh) and Middle and Upper Gangetic
Plains (UP) with area expansion in the Lower Gangetic
Plain (Bihar) and Western Himalayan Region
(Uttarakhand). However, realizing this potential requires
region-specific policy interventions addressing
technological, institutional, infrastructural and market-
related constraints. The period of TMO witnessed CAGR
3.37,6.97 and 3.47%in oilseeds, and 5.82, 8.72 and 2.73%
in oilseed brassica in terms of area, production and yield,
respectively. The growth was achieved mainly due to
development of new varieties, technological advancements
inproduction and protection, and policy interventionsduring
this period. During post-TMO, there was a setback in the
area, production and productivity whichisaseriousconcern
and underlinesneedsto revisit the policy outlinestoincrease
the production of oilseeds as well as ail to attain self-
aufficiency inedibleoils(Jat et al., 2019).

Srengtheningregion-gedificproduction grategies

The diversity of Brassica production systems across
various climatic zones requires differentiated policy
approaches rather than uniform interventions. While
Rajasthan, Uttar Pradesh and Madhya Pradesh have
benefited from improved varieties, mechanization and
developed market systems, states such as Bihar and
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Uttarakhand require strategies tailored to smallholder-
based production systems. About 98% of the cultivated
Indian soilsrequired phosphorusfertilization for getting
better yield (Bhari et al., 2000 and Singh et al., 2010).
Nutrient uptake data in rapeseed-mustard show that it
removes as much K as N (NAAS, 2009). Total Factor
Productivity (TFP) growth isinadequate to movetowards
oilseeds/ edible il self-sufficiency and demands a shift
in production technology (Balgji et al., 2021). Expansion
of Brassicacultivation in Lower Gangetic Plain should be
promoted through location-specific varieties, short-
duration cultivars and climate-resilient technologies.
Productivity augmentation may be instrumental in self-
sufficiency of edibleoils (Gulati 1996).

I mproving quality seed systemsand technol-
ogy dissemination

The potential productivity gaps across the mustard-
growing regionsindicate the need for strengthening seed
replacement systems, decentralized seed production and
timely availability of quality planting material. Kumar et
al. (2006) highlighted that Technological changethrough
the development of varietiesfor different conditions has
helped to improve yield ranging 9 to 45 % in irrigated
conditions. Chauhan et al. (2016) highlighted that a
robust, quality-assured seed system, supported by
public-private partnerships and policy reforms, is
fundamental for sustaining agricultural productivity,
varietal replacement, and food security in India. Public—
private partnerships involving ICAR institutes, state
agricultural universities, Krishi Vigyan Kendrasand farmer
organi zations can accel erate dissemination of improved
Brassica varieties and production technologies.
Strengthening extension networks and digital advisory
platforms will help farmers adopt scientific crop
management practices. The potential of canola quality
varietiesin Indiais clearly depicted in the experience of
Punjab Agro Food Grains Corporation, which took up
the cultivation of Hybrid Brassica napus (Hyola) in
Punjab (Kumar et al., 2009).

Enhancing mar ket accessand value-chainin-
tegration

Trends highlight the need for establishing regional
Brassicagrain aggregation centres, modern oil extraction
units and Farmer Producer Organizations (FPOs) to
improve market integration and increase valuerealization.
Linking producers with service providers (Seed and
Sulphur containing fertilizers), institutional buyers and
edible oil industries can create stable demand and reduce
market uncertainty. The growth in oilseed production
during the pre—green revolution period was mainly

through areaexpansion in most of the crops. Along with
the minimum support price program, projectsto evolve
and transfer new technologies to farmers' fields were
initiated during 1980’s. The price parity between oilseed
crops and cereal s were adjusted many timesin favour of
oilseed crops during 1980s. Between 1978-79 and 1985-
86, while the price support for paddy was increased by
67%, it wasincreased by 100% for groundnut. Similarly,
the price support for wheat in this period was increased
by 41%, whereas it was 63% for rapeseed-mustard
(Acharya1993). Eco-regional variationsare mainly noted
dueto biophysical fittingness of the crop. Thelong-term
trendsin areaare declining in most of the Sates, however,
production and yields have increased. The concept of
eco-regional approach can effectively be utilized toredlize
potential yields with high input use efficiency in these
regions. Supporting serviceslikeinput supply, marketing
and processing have to be linked to these ecological
zones besides strengthening research and extension
systems, and infrastructure facilities.

Building climate-reslient and sustainablepro-
duction systems

The high production instability highlights vulnerability
of Brassica crops to climatic variability and production
risks. Policies should promote climate-smart Brassica
cultivation through stress-tolerant varieties, improved
water management, conservation agriculture practicesand
weather-based advisory services. According Agro-
Economic Research (2013) rapeseed—-mustard recorded
high compound annual growth ratesin area, production,
and productivity during the 1980s and 2000sin Rajasthan.
However, these gainswere accompanied by considerable
year-to-year variability, reflecting production instability.
In contrast, such pronounced fluctuations were not
observed in the competing wheat crop, indicating
relatively greater stability initsgrowth trajectory.

Srengtheninglocal institutionsand inclusive
development

Local institutions play a crucial role in converting
technological gains into sustainable livelihoods.
Strengthening farmer cooperatives, seed hubs, self-help
groups and FPOs can improve access to inputs, credit,
extension and markets. Overall, policy support should
move beyond production enhancement towardsaholistic
ecosystem approach integrating technology, markets,
institutions and sustainability. Intensive agriculture
demands more asthefarm energy consumption increases.
Farm power availability increased from 0.293 kW/hain
1971-72t02.543 kW/hain 2019-20 (Singh S,.2026). Such
an integrated framework can transform Zone 1l into a



resilient hub of Brassica cultivation, contributing
significantly to India’s edible oil self-reliance and
sustainable agricultural development goals. Yogi et al.
(2024) examined rapeseed-mustard productivity trends
across agro-climatic zones of Jharkhand during 2000-01
to 2019-20. The study reported substantial spatial and
temporal variability in productivity and identified
significant productivity gaps, emphasizing targeted
technological interventions, improved policy
implementation, and strategic planning to enhance
rapeseed-mustard productivity in disadvantaged areas.

Conclusion

The study demonstratesthat BrassicacultivationinIndia
has undergone significant structural transformation
during 1976-77 to 2025-26, with production growth
increasingly driven by technological advancement,
productivity enhancement and improved production
systems. While the AICRP on Rapeseed-Mustard
recommendation Zone- 111 continuesto dominate national
production, other zones, has al so emerged asan important
region with considerable potential for future expansion.
Theanalysisrevealsthat various agro-climatic zoneshave
experienced encouraging growth in area, production and
productivity, reflecting opportunities for Brassica
intensification in diverse agro-ecological environments.
However, high production instability in several regions
highlights persistent challenges related to climatic
variability, fragmented markets, inadequateinfrastructure,
weak seed systems and limited institutional support. The
future pathway for sustainable Brassica development in
Zone-11 liesinintegrating technol ogical innovationswith
efficient markets, strong local ingtitutions and resilient
value chains. Region-specific varieties, improved
extension services, farmer producer organizations,
processing infrastructure and assured market linkages
can enhance productivity, profitability and sustainability.
The declining yield performance over recent five-year
periods further underscores the need to examine the
underlying causes of productivity stagnation or decline
rather than focusing exclusively on area expansion. For
further research, area substitution among competitive
cropssuch aswheat, gram and barley should be examined
to explain Brassicaexpansion or contraction. Additionally,
cost of cultivation and production, SRR, VRR, Hybrid
promotion and quality preferences, MSP, Rabi Season
Market (RMS) prices, market demand and rel ated factors,
biotic and abiotic stresses, warrant systematic
investigation. Thus, transforming Brassicacultivationin
the region requires a shift from production-centric
approaches towards an integrated ecosystem model that
combines productivity enhancement, market access and
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ingtitutional strengthening. Such strategieswill not only
improve farmers' livelihoods but also contribute
significantly to India sgoal of edibleoil self-relianceand
sustainable agricultural devel opment.
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