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Background: Black gram (Vigna mungo), a key pulse crop in India, serves as a
major protein source with significant health benefits. Predominantly grown in
Madhya Pradesh, Uttar Pradesh, and Rajasthan, its cultivation in Punjab remains
limited due to the paddy-wheat dominance. Understanding the trends in black
gram cultivation and market behavior is crucial for improving its production and
market efficiency, particularly in the context of policy-driven diversification and
market integration.

Methods: This study examines the area, production, and yield trends of black
gram from 1970 to 2024, along with wholesale price data from 2014 to 2024
across selected states, to assess market integration and price behavior. Various
statistical tools, including CAGR, decomposition analysis, instability analysis,
seasonal indices, correlation analysis, Johansen co-integration, Granger
causality, Vector Error Correction Model (VECM), impulse response function,
and variance decomposition, were used for data analysis.

Results: The findings indicate that black gram production and price dynamics
are influenced by multiple factors. Decomposition analysis reveals the varying
impact of area, yield, and interaction effects, while the Cuddy-Della Valle index
highlights production instability. Seasonal indices confirm price and production
fluctuations, emphasizing the need for targeted policy interventions. Strong
price integration among states is evident, with high correlation coefficients and
long-run equilibrium relationships. VECM suggests efficient price adjustments,
and Granger causality identifies Madhya Pradesh as the key price-determining
market. Impulse response and variance decomposition confirm the transmission
of price shocks across states, reinforcing their interdependence.

Conclusion: To enhance black gram production and market stability, investments
in high-yielding and climate-resilient varieties, improved storage, transportation,
and processing infrastructure are essential. Strengthening market information
systems, refining procurement mechanisms, and expanding digital platforms
like e-NAM can improve price discovery and farmer participation. Promoting
black gram in Punjab through diversification incentives and assured marketing
systems can reduce resource overuse while improving farm incomes.

01 frontiersin.org


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2025.1589518&domain=pdf&date_stamp=2025-05-21
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1589518/full
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1589518/full
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1589518/full
https://www.frontiersin.org/articles/10.3389/fsufs.2025.1589518/full
mailto:amitguleria@pau.edu
https://doi.org/10.3389/fsufs.2025.1589518
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2025.1589518

Singh et al.

KEYWORDS

10.3389/fsufs.2025.1589518

black gram, production analysis, market integration, price behavior, price shock

1 Introduction

Black gram, commonly referred to as ‘Urad Dal, in India is a
known type of pulse crop within the Leguminosae family. Apart from
countries like Pakistan, Afghanistan, Bangladesh and Myanmar,
where this crop is grown, India holds a significant position as both a
major producer and consumer of black gram. Black gram offers
valuable nutritional profile containing about 26% of protein which is
about three times of cereals along with essential vitamins and
minerals. Additionally, due to its property of low glycemic index and
the presence of phenolics and dietary fiber, it is considered beneficial
for reducing the risk of cardiovascular diseases and diabetes (Kanth
et al, 2021). Moreover, it is highly regarded as one of the most
nutritive feeds for dairy animals and serves as an effective green
manure crop by enhancing soil fertility through nitrogen fixation.

In the 2022-23 period, India produced around 26.31 lakh tonnes
of Black gram from a cultivated area of 40.02 lakh hectares, with an
average yield of 657 kg per hectare. Black gram accounted for
approximately 29% of India’s total pulse acreage and contributed
10.25% to the overall pulse production (Banerjee and Ray, 2023).
During the Kharif season in 2022-23, the estimated Black gram
production was 17.68 lakh tonnes, covering an area of 30.98 lakh
hectares. The states of Madhya Pradesh, Andhra Pradesh, Rajasthan,
Uttar Pradesh and Tamil Nadu are the major producers of Black gram
in India.

In contrast, Punjab, with a geographical area covering 50.32 lakh
hectares, is not a significant producer of pulses. Historically, pulses
were integral to Punjab’s farming system, but the area and production
have significantly declined due to the prevalence of the paddy-wheat
cropping system (Singh et al., 2022). In 2022-23, Punjab cultivated
black gram on 1.6 thousand hectares, producing 0.71 thousand tonnes
with an average yield of 441 kg per hectare. Given the current
challenges of water scarcity and the need for sustainable agriculture,
pulses present a viable option for diversifying Punjab’s agricultural
practices (Sharma et al., 2023).

Given this background, it becomes evident that studying the price
behavior of black gram markets at both state and national levels is
crucial for ensuring efficient distribution and enhancing the economic
viability of its cultivation. Agricultural commodity prices vary due to
fluctuations in supply and demand, which are influenced by the
seasonal nature of production and marketing. Assessing market
performance through market integration is therefore crucial.
Integrated markets are characterized by the flow of price signals
between them, enabling physical arbitrage to correct any disruptions
(Kaur et al., 2021). This also facilitates the smooth transmission of
price signals and information across geographically dispersed markets.
Temporal market integration involves arbitrage over time, where price
signals are carried over from one year to the next within the same
market (Goletti et al, 1995). Poor market integration often points to
factors such as government policies, infrastructural shortcomings, or
institutional barriers that impede the efficient movement of goods and
prices. Market reforms are expected to enhance integration, allowing
for faster and more effective transmission of price signals
between markets.
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While several studies (Ganguly and Gulati, 2022; Bhat et al., 20225
Mishra et al., 2023) have investigated the behavior of pulse markets in
India, limited research has focused specifically on black gram,
especially in the context of spatial market integration using robust
tools such as Johansen co-integration, VECM, and impulse response
functions. Furthermore, few studies attempt to connect long-term
production trends with price transmission dynamics across producing
and consuming regions. This study fills this research gap by combining
detailed trend and variability analysis with advanced econometric
modeling to examine black gram market efficiency and interlinkages.

Against this backdrop, the present study aims to provide a
comprehensive analysis of black gram production and market
dynamics in India. Specifically, it examines long-term trends in area,
production, and productivity across major states, while also assessing
the seasonal and spatial behavior of wholesale prices. To understand
the degree of interdependence among markets, the study employs
advanced econometric techniques such as Johansen co-integration,
Granger causality, and vector error correction modeling. These tools
help identify long-run equilibrium relationships and short-term price
adjustments between producing and consuming regions. Moreover,
the study seeks to offer policy-relevant insights that can inform efforts
to strengthen price transmission, improve market efficiency, and
promote the sustainable resurgence of black gram cultivation in states
like Punjab—where its presence, though historically significant, has
diminished under monoculture-driven systems. By linking empirical
evidence with policy discourse, this work contributes to ongoing
debates on pulse sector reform, regional diversification, and
agricultural sustainability.

2 Materials and methods
2.1 Selection of sample and sources of data

The study utilizes time-series analysis to examine the Area-
Production-Productivity (APY) trends and market integration of
black gram across major Indian states. Six leading black gram-
producing states—Madhya Pradesh, Andhra Pradesh, Uttar Pradesh,
Tamil Nadu, Rajasthan, and Maharashtra—were selected based on
their production shares from 2017-18 to 2022-23. Data on area,
production, and yield from 1970-71 to 2022-23 were collected from
the Directorate of Economics and Statistics, Ministry of Agriculture
& Farmers Welfare, and Indiastat.com. To capture structural changes
in agricultural policy and production dynamics, the study period was
divided into three distinct phases: Period I (1970-71 to 1989-90),
representing the pre-liberalization era characterized by traditional
farming practices; Period II (1990-91 to 2004-05), marking the post-
liberalization but pre-National Food Security Mission (NFSM) phase;
and Period III (2005-06 to 2022-23), defined by intensified
government interventions under the NFSM framework. For price
transmission and market integration analysis, Madhya Pradesh and
Andhra Pradesh were selected as major producers, contributing 32.07
and 13.19% of total black gram production (2017-18 to 2022-23).
Uttar Pradesh and Karnataka, key consuming and distributing states,

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1589518
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
http://Indiastat.com

Singh et al.

were chosen based on arrival data.' Punjab was included despite its
lower production share due to its agricultural challenges and potential
for crop diversification.

The time series data on black gram wholesale price data (January
2014-June 2024) were collected from the Department of Consumer
Affairs, Agmarknet, and the Directorate of Economics and Statistics.
State-level average monthly wholesale prices were used to capture
broader market trends, reducing the impact of localized market
fluctuations caused by factors such as weather conditions,
transportation issues, and regional supply-demand imbalances, thus,
ensuring more stable and comprehensive analysis of market
integration. Further, prices were checked for consistency, and any
missing values were interpolated using linear trends. No deflation or
conversion was applied, as all price series were expressed in nominal
terms over a consistent period.

2.2 Data analysis

Various analytical techniques were employed to achieve the study
objectives. The Compound Annual Growth Rate (CAGR) and
Instability Index were computed to assess the growth trends of black
gram in terms of area, production, and productivity at both state and
national levels. Decomposition analysis was conducted to determine
the relative contribution of area and yield to production changes. To
examine the seasonal and cyclical behavior of black gram prices in
major producing states, time series analysis was performed. For price
transmission and spatial market integration, advanced statistical and
econometric methods were applied, including correlation analysis,
Johansen co-integration, Granger causality test, Vector Error
Correction Model (VECM), impulse response function, and variance
decomposition. The analysis was carried out using E-Views software
and followed a structured approach.

2.3 Growth analysis

Growth rate measures the percentage change in a given variable
over a specified period (Jarrett and Tackie, 2024). The Compound
Annual Growth Rate (CAGR) of Black gram area, production, and
yield was calculated for selected states from 1970-71 to 2022-23 using
the following exponential function:

yi =ab’

where:

y; = Area/Production/Yield of Black gram at time ¢’
t = Time variable (1, 2, ..., n) for each period

a = Constant

b = Growth coeflicient.

Taking the natural logarithm of the equation:

Iny; =In a+t(ln b)

SinceInb =1In (1 + r), the growth rate r is derived as:
r= [antilog (ln b) - 1}

1 agmarknet.gov.in
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CAGR (r) in percentage = [antilog (ln b) - 1} x100

2.4 Decomposition of change in
production

Decomposition analysis was used to determine the relative
contribution of area and yield to changes in black gram production
over time. The method, developed by Minhas and Vaidyanathan
(1965), follows the identity:

P=AxY

Expanding for changes over time:

AP =(AAxYy)+(AY xAg)+(AAXAY)

where:

o Area effect: (AAxY() - Contribution of area expansion

o Yield effect: (AYxA() - Contribution of yield improvement

o Interaction effect: (AA x AY) - Joint impact of area and
yield changes

2.5 Instability analysis

The Cuddy-Della Valle Index (CDVI) quantifies price instability by
adjusting the coeflicient of variation (CV) for trends, offering a refined
measure of volatility (Cuddy and Della Valle, 1978; Anuja et al,, 2013).

CDVI=CV xV1-r2 where CV is the coefficient of variation in per
cent, and r* = Coefficient of determination from a time trend regression
adjusted to its degrees of freedom. The ranges of CDVI: Low instability:
0-15, Medium instability: 15-30 and High instability: >30 (Sihmar, 2014).

2.6 Trend analysis

To analyze price trends, time series data on Black gram prices
from selected states was examined. Different functional forms were
tested, and the linear trend model was chosen based on the best fit.

2.7 Linear trend model

The annual trend in Black gram prices was estimated using a
linear regression model:

Y=a+bt

where:

o Y = Market price

« a = Constant

o t=Time variable

o b = Regression coefficient

2.8 Seasonal indices

To examine seasonal price variations, a 12-month moving average

-

method was applied (Wan and Tao, 2023), considering year-round
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availability of data. A multiplicative model was used to estimate
seasonal fluctuations:

Xt:TtXStXCtXIt

where,

X; = Observed value of time series at time t.
T; = the trend component at time period t.

S; = the seasonal component at time period t.
C, = the cyclic component at time period t.

I; = the irregular component at time period t.

2.9 Correlation analysis

The correlation coefficient (r) measures the strength of the linear
relationship between two price series (Burkhanov et al, 2024)
indicating market integration. It is calculated as:

cov(X Y)
JVar (x).Var (y)

Here, X and Y represent the price series for two

r(X,Y)=

distinct markets.

The t-test is used with null hypothesis (Hy): p = 0 (no integration)
and alternative hypothesis (H,): p # 0 (there is integration) to examine
the significance of correlation coefficient

at t (n-2) degree of freedom.

r = 1: Perfect integration (prices move parallel).

r ~ 0: Weak association (prices move independently).

In this study, correlation analysis of irregular variation (residuals)
of different price series was also analyzed.

2.10 Stationarity test

Market integration requires a long-term equilibrium, which
necessitates stationary price series. Non-stationary series can lead to
misleading interpretations. The Augmented Dickey-Fuller (ADF) test
(Dickey and Fuller, 1979) was used to assess stationarity by estimating:

q
AP =aq+6it+ Py + Y BIAP_j+ &
j=0
where, APy =Pt-P,_y, AP,y =P, -P_5,APy_1=Py_1-Py»
etc.; P = the price in each market; a, = constant or drift; t = time trend
variable; q=number of lag length selected based on Akaike
Information Criterion (AIC).

H, (Null hypothesis): The series has a unit root (non-stationary).
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H; (Alternative hypothesis): The series is stationary.

If H is rejected, the series is considered stationary, allowing
reliable market integration analysis.

2.11 Lag length selection criteria

The optimal lag length for co-integration and Vector Error
Correction Model (VECM) analysis was selected based on the
minimum Akaike Information Criterion (AIC). This ensures
efficient parameterization while preserving model stability. A
common lag of two was selected across models to maintain
uniformity and short-term

capture adjustments

without overfitting.

2.12 Johansen’s co-integration method

Johansen and Juselius (1990) developed a method to test long-
term relationships between variables. Even if individual price series
are non-stationary, they are considered cointegrated if a stationary
linear combination exists. Once stationarity is confirmed at the same
level or differencing order, the Maximum Likelihood (ML) approach
is applied to determine the number of cointegrating vectors. The null
hypothesis of up to r’ cointegrating vectors is tested against r + 1’
using trace statistics (Johansen, 1989):

The trace statistic formula is:

n
Trace statistic (4 — trace) =-T > In(1-4)

i=r+1
Maximum Eigen value statistic (7» - max) =-T (1 - ﬂﬁl)

where:

A; = estimated Eigen values.

(ﬂﬂl) = (r + l)th largest squared Eigen value obtained from the
II matrix.

T = number of observations.

If it is not possible to reject r = 0, it can be summarized that there
is no integration. Alternately, if r =0 is rejected and r = 1 cannot
be rejected, it implies that there is a co-integrating association between
the price series. The number of co-integrating vectors indicated by the
tests is an important indicator of the extent of co-movement of prices.
An increase in the number of co-integrating vectors means an increase
in the strength and stability of price linkages. The Eigen values
represent the strength of the correlation between the first difference
and the error correction.

2.13 Vector error correction model for
short-term relationship

While co-integration captures the existence of a stable long-run

equilibrium, VECM quantifies how short-run deviations from that
equilibrium are corrected over time. It not only models’ short-term
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interdependence among price series but also incorporates the speed
at which variables adjust back to equilibrium following a shock.

VECM is derived from the vector autoregressive (VAR) model but
is applicable only when variables are integrated of the same order
[typically I (Banerjee and Ray, 2023)] and co-integrated. The model
includes an error correction term (ECT), which represents the
disequilibrium from the previous period and allows estimation of the
rate at which it is eliminated in the current period. The general form
of the VECM equations used in this study is as follows:

AlnXt =Q +Zﬂ1iAlnY,,i +Z,6’2iAlnXt,i +yECT;_;

AIHY[ = ﬂ() +Za1iAlnX,,i +Za2,-AlnYt,i +y7ECT;_;

where:

o AlnX; and AlnY; are the first-differenced log-transformed
price series,

o ECT,, is the lagged error correction term obtained from the
long-run co-integrating equation,

o yis the error correction coefficients,

o a; and f; are short-run coefficients.

A negative and significant y indicates the speed of adjustment
toward equilibrium, while a positive or zero y suggests divergence. The
VECM framework thus facilitates identification of leading markets
and quantifies how interlinked state markets respond to price shocks
in the black gram value chain.

2.14 Granger causality test

The Granger causality test (Granger, 1969) determines the
direction of causality between two markets. If two variables are
cointegrated, this test helps analyze their co-movement. The
test estimates:

m m
lnXt = ZO,’,' lnXt_,- +Zﬂ] lnYZ_]- + &
i=1 j=1

m m
lI‘lYt = Zai lnYt_,- + Zﬁj lnXt_j + &yt
i=1 j=1
where X and Y are market price series (log-transformed), and t
represents time. The null hypothesis tests whether X does not Granger-
cause Y (and vice versa). Rejecting the null hypothesis suggests
Granger causality between the variables (Gujarati, 2010).

2.15 Impulse response function
The impulse-response function (IRF) analyses how price shocks

propagate across markets over time. It measures the effect of a
one-unit shock or one standard deviation change in one variable on
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the future values of all endogenous variables (Rahman and Shahbaz,
2013). The generalized impulse response function (GIRF), developed
by Koop etal. (1996) and refined by Pesaran and Shin (1998), accounts
for historical dependencies and estimates responses to arbitrary shocks:
GIRFy (h, &, wi_1) =E[ Y +h| &= Swe 1w |~ E[ Yy +h|wi1 |

2.16 Variance decomposition

Variance decomposition analyses the sources of price variability
in a system of markets. It quantifies how much of the forecast error
variance in a price series is explained by its own past shocks versus
shocks from other markets. Unlike impulse response functions, which
trace the effect of a single shock over time, variance decomposition
provides a breakdown of influences over different time horizons. This
helps in understanding the relative importance of different markets in
driving price fluctuations (Canova, 2011).

3 Results and discussion

This section presents a comprehensive analysis of black gram
market dynamics across selected states in India. It examines growth
trends, compound annual growth rates (CAGR), decomposition of
production changes, price variability, and seasonal patterns.
Additionally, market integration is explored through cointegration
analysis, Granger causality tests, impulse response functions, and
variance decomposition. These analyses collectively provide deeper
stability, and the
interconnectedness of black gram markets in India.

insights into market efficiency, price

3.1 Area and production status of black
gram in India

The area and production of black gram in India have shown an
overall increasing trend from triennium ending (TE) 1972-73 to TE
2022-23 (Table 1). The area expanded from 1,964 thousand ha in TE
1972-73 to a peak of 5,138 thousand ha in TE 2020-21, before
declining to 4,259 thousand ha in TE 2022-23. The highest share in
total pulse area was 17.73 per cent (TE 2020-21), while the lowest was
8.98 per cent (TE 1972-73). Production rose from 601.33 thousand
tonnes in TE 1972-73 to a peak of 2,878 thousand tonnes in TE
2020-21, before slightly declining to 2,546 thousand tonnes in TE
2022-23. The highest share in total pulse production was 12.24% (TE
2020-21), while the lowest was 5.50% (TE 1972-73).

3.2 Trends of area, production, and
productivity of black gram in India

The area, production, and yield of black gram, analyzed over time,
have shown a fluctuating trend over the past five decades (Figure 1).
In 1970-71, the area was 2,070 thousand ha, with production at 656
thousand tonnes and a yield of 317 kg/ha. By 1999-2000, these
increased to 2,970 thousand ha, 1,350 thousand tonnes, and 453 kg/
ha, respectively. A significant rise was observed in recent years, with
the area peaking at 5,120 thousand ha and production at 3,130
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TABLE 1 Area and production status of black gram in India, 1970-71 to 2022-23.

Area (in ‘000 Hectare)

Production (in ‘000 Tonnes)

Total pulses Black gram Total pulses Black gram
TE 1972-73 21866.66 1,964 (8.98) 10939.66 601.33 (5.50)
TE 1980-81 22,791 2,607.67 (11.44) 10460.66 814.33 (7.78)
TE 1990-91 23,741 3,386 (14.26) 13657.33 1,611.33 (11.80)
TE 2000-01 21,655 2,955.33 (13.65) 12218.66 1,325.67 (10.85)
TE 2010-11 23927.66 2,966 (12.40) 15,823 1,397 (8.83)
TE 2020-21 28,642 5,138 (17.73) 23521.33 2,877.67 (12.24)
TE 2022-23 29471.66 4,259.33 (14.45) 26274.33 2,545.67 (9.69)

Figures in parentheses indicates black gram’s share in total pulses. TE, Triennium Ending.

thousand tonnes in 2018-19, though yield remained moderate at
546 kg/ha. In 2022-23, the area declined slightly to 4,260 thousand ha,
but production remained high at 2,550 thousand tonnes, with a record
yield of 657 kg/ha. This trend visualization highlights key growth
phases, turning points, and overall production dynamics, illustrating
that while area and production have expanded, yield improvements
remain inconsistent (Xu et al., 2025).

3.3 State-wise growth and variability
analysis of black gram in India

The compound annual growth rates (CAGR) and instability
indices for black gram from 1970-71 to 2022-23 (Table 2) reveal
significant variations across states, categorized into three phases:
expansion, stagnation, and revival.

During Period I (1970-71 to 1989-90), most states saw area and
production growth, but productivity gains varied. Madhya Pradesh
had modest growth in area (1.05%) and production (1.10%) with
minimal yield improvement. Andhra Pradesh led in production
(8.31%), driven by area (3.90%) and yield (4.24%) growth, though
with high variability (68.91%). Tamil Nadu and Rajasthan saw notable
expansion, but Rajasthans productivity declined (—3.24%), indicating
inefficiencies. Uttar Pradesh and Maharashtra recorded moderate
growth, with Maharashtra maintaining stability.

Period II (1990-91 to 2004-05) saw stagnation and decline in
black gram cultivation in some states, while others maintained steady
growth. Madhya Pradesh (—1.35%) and Tamil Nadu (—2.86%) saw
area contraction, leading to marginal or negative production growth.
Andhra Pradesh and Tamil Nadu also faced productivity declines,
indicating stagnant yields. Uttar Pradesh and Maharashtra sustained
positive growth in both area and production, while Rajasthan’s
production grew slightly, but yield stagnated. Variability remained
high, with production showing greater instability than area
and productivity.

The third period (2005-06 to 2022-23) saw a resurgence in black
gram cultivation, led by Madhya Pradesh (9.70%) and Rajasthan
(10.18%), with significant production growth (12.39 and 11.40%).
Tamil Nadu (5.21%) and Andhra Pradesh (4.56%) improved
productivity, while Maharashtra saw declines in area (—2.21%) and
production (—1.50%), indicating shifting cropping patterns. Variability
remained high, particularly in Rajasthan and Madhya Pradesh, despite
overall growth.

Frontiers in Sustainable Food Systems

Over the entire period (1970-71 to 2022-23), Madhya Pradesh,
Uttar Pradesh, and Rajasthan led black gram production with
sustained growth in both area and production. However, Rajasthan
showed the highest instability in area (75.45%) and production
(108.33%), indicating fluctuating cultivation patterns. Andhra Pradesh
and Tamil Nadu maintained positive growth with yield improvements.
On the other hand, Maharashtra was the only state with a negative
area growth rate (—0.44%) but saw a slight productivity rise (1.21%).

3.4 Decomposition analysis of black gram
in major producing states of India

Decomposition analysis evaluated the contributions of area, yield,
and interaction effects to black gram production trends across major
Indian states from 1970-71 to 2022-23. The results presented in
Table 3, revealed that area expansion was the key driver of black gram
production in Rajasthan (261.65%), Tamil Nadu (168.03%), and Uttar
Pradesh (60.40%) during Period I (1970-71 to 1989-90), while Tamil
Nadu (203.57%) and Madhya Pradesh (70.04%) saw significant yield
contributions. Period II (1990-91 to 2004-05) showed a strong area
effect in Uttar Pradesh (162.37%) and Tamil Nadu (129.28%), while
yield gains were dominant in Andhra Pradesh (94.36%) and Madhya
Pradesh (87.67%). In Period III (2005-06 to 2022-23), yield
improvements led growth in Andhra Pradesh (159.35%) and Uttar
Pradesh (76.20%), while the area effect remained significant in
Madhya Pradesh (41.53%). Interaction effects were most pronounced
in Maharashtra (71.19%) and Rajasthan (68.96%). Over the entire
period (1970-71 to 2022-23), Tamil Nadu (119.18%) and Uttar
Pradesh (108.73%) saw the highest area-driven growth, while yield
played a crucial role in Andhra Pradesh (72.41%) and Madhya
Pradesh (38.37%). At the national level, the area effect (51.60%) and
yield effect (52.18%) were nearly equal contributors, indicating that
both expansion and productivity improvements are critical for
sustainable black gram production.

3.5 Variability of black gram prices across
selected states

Price instability in black gram across Uttar Pradesh, Andhra
Pradesh, Karnataka, Madhya Pradesh, and Punjab was analyzed, with
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FIGURE 1

Trends in area, production and productivity of black gram in India, 1970-71 to 2022-23.

the Cuddy-Della-Valle Index (CDVT) applied to measure fluctuations
(Das and Mukhopadhyay, 2024). The results, presented in the Table 4,
revealed Andhra Pradesh had the highest variability in January
(28.34%) and May (27.64%), while Karnataka peaked in June
(26.52%). Madhya Pradesh saw maximum instability in July (28.16%),
Punjab in June (27.78%) and August (27.60%), and Uttar Pradesh in
May (22.99%). September consistently showed the lowest fluctuations
across states. The findings indicate significant seasonal price
variations, particularly during peak supply months (Sahoo and
Singh, 2017).

3.6 Trends in black gram prices across
selected states

The trend in black gram prices across Uttar Pradesh, Andhra
Pradesh, Karnataka, Madhya Pradesh, and Punjab was analyzed
using regression equations. The estimated equations, along with
R? values and t-statistics, are presented in the Table 5. In Uttar
Pradesh, the price trend equation (y = 7447.4 + 16.93 t) showed
a significant upward trend, with an R* value of 0.1076 and a
highly significant t-value (3.87*). Similarly, Madhya Pradesh
(y =7007.90 + 16.45t) and Punjab (y=7662.18 + 15.45 t)
exhibited positive and significant trends, with t-values of 3.34*
and 3.02%, respectively. In Andhra Pradesh, the price trend
(y =9075.81 + 11.46 t) was positive but weakly significant at the
10% level, with an R* value of 0.0287, indicating limited
explanatory power. Karnataka (y = 10373.8 + 0.68 t) showed an
almost negligible price trend, with an R* value of 0.0001 and an
insignificant t-value (0.12), suggesting price stability over time.
Overall, the analysis indicates that black gram prices in Uttar
Pradesh, Madhya Pradesh, and Punjab have shown a significant
increasing trend, while price movements in Andhra Pradesh and
Karnataka were less pronounced.

Frontiers in Sustainable Food Systems

07

The trends in the prices of black gram in selected states were
graphically represented in Figure 2. The graph depicts that sharp spike
in prices was observed between 2015 and 2016, followed by a decline,
and a steady rise in recent years, reflecting market fluctuations.

3.7 Seasonal indices of black gram prices in
selected states of India

The Table 6 presents seasonal indices of black gram prices
across selected Indian states, showing monthly variations as a
percentage of the annual average price. While Prices generally
decline during peak harvest months (Oct-Nov for Kharif, May-Jun
for Summer) due to higher supply, however, fresh arrivals often
fetch a premium. In Uttar Pradesh, prices peak in Nov (103.63%)
and May (102.46%) due to demand and stockpiling, while Feb sees
the lowest (96.27%). Andhra Pradesh shows high post-harvest
prices in Nov-Dec (107.51, 106.54%) and a low in March (93.61%).
Karnataka and Madhya Pradesh follow similar trends, with peaks
in Nov-Dec and lows in Feb-Mar due to procurement and stock
adjustments. In Punjab, prices rise in Dec (105.72%), Apr
(101.58%), and May (102.40%) due to off-season demand. Despite
seasonal dips, fresh produce and market dynamics influence
fluctuations.

3.8 Integration of black gram wholesale
prices in India

The correlation coeficients of wholesale prices across selected
states (Table 7) were highly significant at the 1% level, ranging from
0.878 to 0.953, indicating strong market integration. The highest
correlation was between Andhra Pradesh and Karnataka (0.953),
while the lowest was between Uttar Pradesh and Karnataka (0.878).
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TABLE 2 State wise compound annual growth rate and variability index of area, production, and productivity of black gram across major producing
states in India, 1970-71 to 2022-23 (Per cent).

States Compound annual growth rate (CAGR) Instability index

Area Production Productivity Production Productivity
Period | (1970-71 to 1989-90)
Madhya Pradesh 1.05%#%* 1.10* 0.04 8.36 14.91 13.10
Andhra Pradesh 3.90%** 8.31%** 4.24%%% 31.63 68.91 34.15
Uttar Pradesh 2,88 2.23%% —0.64 19.98 30.16 21.69
Tamil Nadu 5,11 70075 1.81 40.53 53.06 33.52
Rajasthan 5467 2.03 -3.24 31.19 51.00 41.69
Maharashtra 0.69% 2,697 1.99%% 11.20 26.34 20.87
Period 11 (1990-91 to 2004-05)
Madhya Pradesh —1.35%:% —0.30 1.08 11.25 16.00 11.86
Andhra Pradesh 0.38 —0.85 -1.23 13.08 18.89 13.39
Uttar Pradesh 4,]15%% 3.53%:% —0.59 21.97 19.64 14.15
Tamil Nadu —2.86% —2.80% 0.07 23.89 23.34 11.37
Rajasthan 2.12 2.02 -0.10 23.29 40.65 25.30
Maharashtra 320 4.20%% 0.95 13.77 27.88 21.47
Period IIl (2005-06 to 2022-23)
Madhya Pradesh 9.707%#5 12,397 2.46% 61.11 78.97 29.20
Andhra Pradesh —1.52% 2.97%%* 4.56%%* 16.78 21.91 25.34
Uttar Pradesh 1.07%% 9.467% 0.33 10.15 20.28 17.33
Tamil Nadu 4.03%%% 9.467% 5.21%%% 23.07 5148 35.70
Rajasthan 10,18 11.40%%% 112 70.77 91.88 32.19
Maharashtra —2.21%% —1.50 0.72 21.26 37.62 29.11
Overall Period (1970-71 to 2022-23)
Madhya Pradesh 0.807% 2393 1.58%#% 51.87 94.55 35.44
Andhra Pradesh 1.63%%% 3.1 1.56%%% 36.69 46.92 32.39
Uttar Pradesh 3,25 4.70%%% 1.40%5% 46.60 66.86 28.82
Tamil Nadu 223 371 1.45%5% 38.94 70.04 36.74
Rajasthan 2,69 3.0 0.52 75.45 108.33 35.90
Maharashtra —0.44%% 0.7 121 18.85 39.63 32.06

#*kGignificant at 1% level, **significant at 5% level, and *significant at 10% level.

Overall, the results indicate that the wholesale prices of black gram
moved together and were well-integrated at the state level. Further
analysis (Table 8) of residuals also showed strong correlations
(0.886-0.965), confirming a high level of price integration even
after removing trends and systematic factors. This suggests that
price changes in one state are closely mirrored in others, reflecting
a well-integrated market.

3.9 Augmented Dickey-Fuller test (ADF)

The Augmented Dickey-Fuller (ADF) test was employed to assess
the stationarity of the price series, as correlation analysis alone is
insufficient for in-depth market integration analysis. To avoid spurious
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results, it is essential to check the stationarity of the variables (Xu et al.,
2024). As shown in Table 9, the price series were non-stationary at
their level, but became stationary after taking the first difference, as
indicated by significant t-statistics across all markets. This allowed for
co-integration analysis, verifying a long-term equilibrium relationship
among the price series.

3.10 Johansen co-integration test

To avoid spurious regression, this study employs the Johansen
co-integration test to assess the integration between the selected
markets (Fu and Zhang, 2024), with the findings summarized in
Table 10. The unrestricted co-integration rank test (based on both
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TABLE 3 Decomposition analysis of black gram in major producing states of India from 1970-71 to 2022-23 (Per cent).

Period Component Madhya Andhra Uttar Tamil Rajasthan Maharashtra India
Pradesh Pradesh Pradesh Nadu

Period Area effect 25.69 21.04 60.40 168.03 261.65 12,56 52.93
197071 Yield effect 70.04 73.80 28.70 203.57 —129.94 68.32 44.50
to 1989-90)

Interaction effect 4.27 5.16 10.90 —-271.60 -31.71 19.12 2.57
Period IT Area effect —9.68 26.25 162.37 129.28 72.96 52.42 1.30
(1990-91t0 | vielq effect 87.67 94.36 -31.91 —25.02 46.40 32.03 100.37
2004-05)

Interaction effect 22.01 —20.61 —30.46 —4.26 —19.37 15.55 —-1.67
Period III Area effect 41.53 —28.98 52.47 40.80 27.26 —45.01 39.57
(2005-06t0 | vielq effect 24.88 159.35 76.20 3221 3.78 73.82 66.83
2022-23)

Interaction effect 33.60 -30.37 —28.67 26.99 68.96 71.19 —6.40
Overall Area effect 25.73 36.13 108.73 119.18 46.20 —~10.81 51.60
Period Yield effect 38.37 72.41 13.04 66.77 —1.66 55.98 52.18
(1970-71 to

Interaction effect 35.90 —8.53 -21.77 —85.95 55.47 54.82 —-3.77
2022-23)

TABLE 4 Variability of prices of black gram in selected states by Cuddy-Della-Valle index (per cent).

Uttar Pradesh And Karnataka Madhya Pradesh Punjab
January 20.20 28.34 22.08 24.47 2423
February 19.94 25.92 21.26 24.20 22.95
March 19.74 2521 20.03 23.48 2245
April 21.65 2522 21.02 2525 22,07
May 22.99 27.64 25.16 28.13 23.78
June 22.77 27.00 26.52 27.36 27.78
July 22.19 25.18 24.82 28.16 27.56
August 20.45 23.15 21.50 26.74 27.60
September 18.79 18.94 18.88 23.19 2327
October 21.70 24.16 23.11 23.74 22.20
November 2321 24.47 20.26 22.54 24.13
December 21.27 2323 20.75 22.62 24.03

TABLE 5 Trends in prices of black gram in selected states of India. states exhibit a long-term equilibrium, reflecting the stability and

strength of price connections among these states.

S. No. @ States Equation r t-value
Uttar
! Pradesh yE7azAv1693t | 01076 | 387 3.11 Direction of relationship in retail prices
Andhra
2 Pradesh y=9075.81+ 1146t 0.0287 Lo1* The results of the causal relationships between the wholesale prices
3 Karnataka y=10373.8 +0.68 t 0.0001 0.12 of black gram from the selected states at national level are presented in
M Table 11. The Granger Causality test was used to assess whether
adhya . . . . .
4 Pradesh §=7007.90 + 1645 ¢ 0.0828 33k wholesale prices in one state influence prices in another. The null
N hypothesis, stating that the price in one state does not affect another, is
5 Punj =7662.18 + 1545 t 0.0683 3.02%% s .
e Y i accepted when the probability exceeds 0.05, and rejected when the

#k % and * significant at 1, 5, 10 per cent level of significance.

probability is below 0.05. Figure 3 illustrates the direction of causality
between markets of selected states. Madhya Pradesh bidirectional link

the Eigenvalue and trace statistics) revealed the existence of at least
five co-integrating equations at the 5% significance level. This
indicates that the wholesale prices of black gram in the selected
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with Punjab and Uttar Pradesh, along with unidirectional influence on
Andhra Pradesh and Karnataka, indicates that price signals originating
in Madhya Pradesh are consistently transmitted to other major
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FIGURE 2
Trends in prices of black gram across major states.

TABLE 6 Seasonal indices of black gram prices in selected states of India (Per cent).

States
Uttar Pradesh Andhra Pradesh Karnataka Madhya Pradesh Punjab
January 97.45 96.37 98.36 96.44 96.24
February 96.27 95.01 97.91 95.78 97.38
March 96.71 93.61 96.35 95.58 99.88
April 99.69 95.96 98.20 96.40 101.58
May 102.46 99.07 99.86 98.59 102.40
June 101.64 99.69 100.55 99.59 99.84
July 100.91 99.68 99.92 100.00 98.07
August 99.94 99.74 99.99 101.30 97.49
September 98.08 101.34 100.08 102.07 98.13
October 100.90 105.49 102.17 103.59 99.57
November 103.63 107.51 102.76 105.27 103.70
December 102.32 106.54 103.85 105.40 105.72

TABLE 7 Correlation coefficients of monthly black gram (urad dal) wholesale prices in selected states from 201415 to 2024-25.

Markets Uttar Pradesh Andhra Pradesh Karnataka Madhya Pradesh Punjab
Uttar Pradesh 1

Andhra Pradesh 0.910%* 1

Karnataka 0.878%* 0.953%* 1

Madhya Pradesh 0.896%* 0.938%* 0.914%* 1

Punjab 0.921%% 0.918%* 0.902%* 0.9477% 1

**Correlation is significant at 1% level. *Correlation is significant at 5% level.

markets. This underscores Madhya Pradesh’s dominance as key market, Conversely, Punjab’s prices were found to be strongly influenced
likely due to its significant production share and early-season arrivals by all other states, suggesting that it is a price-taker rather than a price-
that set national price trends. maker in the black gram value chain. This reflects its low production
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TABLE 8 Correlation coefficients of residuals of monthly black gram (urad dal) wholesale prices in selected states.

Markets Uttar Pradesh Andhra Pradesh Karnataka Madhya Pradesh Punjab
Uttar Pradesh 1

Andhra Pradesh 0.918%* 1

Karnataka 0.925%* 0.965%* 1

Madhya Pradesh 0.886%* 0.942%%* 0.951%* 1

Punjab 0.916%* 0.918%* 0.931%* 0.943%* 1

**Correlation is significant at 1% level. *Correlation is significant at 5% level.

TABLE 9 Augmented Dickey Fuller test to check the stationarity of the price series.

Markets At level 1st difference

t statistic p value Stationarity t statistic p value Stationarity
Uttar Pradesh —1.571 0.7988 Non-stationary —7.531*% 0.0000 Stationary
Andhra Pradesh —2242 0.4617 Non-stationary —7.026* 0.0000 Stationary
Karnataka —2.318 0.4207 Non-stationary —6.941%* 0.0000 Stationary
Madhya Pradesh —2.421 0.3669 Non-stationary —5.845% 0.0000 Stationary
Punjab —2.107 0.5360 Non-stationary —7.554%* 0.0000 Stationary

*Significant at 1% as well as 5%.

TABLE 10 Johansen co-integration test for price variation of black gram
(urad dal) in selected States.

Null hypothesis Eigen Trace p value
value statistic

None* 0.369 148.47 0.0000

At most 1* 0.294 93.159 0.0000

At most 2* 0.197 51.435 0.0010

At most 3* 0.114 25.082 0.0040

At most 4* 0.084 10.531 0.0026

Trace test indicates 5 co-integrating equations at 5% level of significance. *Denotes rejection
of the hypothesis at 5% level of significance.

base and dependence on inter-state trade. Such asymmetric
relationships highlight the importance of monitoring price signals
from leading producer states like Madhya Pradesh to inform
procurement strategies and price risk management in lagging regions.

3.12 Speed of adjustment to equilibrium in
prices

The wholesale price series for all selected states were
non-stationary at their levels but became stationary at first
differences, indicating integration of order I (Banerjee and Ray,
2023). The Johansen Co-integration test confirmed co-integration
among at least five states at the 5% significance level. Consequently,
the Vector Error Correction Model (VECM) was applied to analyze
short-and long-run price dynamics (Loves et al., 2021). The model’s
coefficient represents the speed of adjustment, with a negative value
indicating convergence to equilibrium and a positive or zero value
suggesting divergence. A two-lag structure, determined by the
lowest Akaike Information Criterion (AIC), was used for all
selected states.
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3.13 Equations of Vector Error Correction
Model (VECM) of selected states

AlnAP, =—0.139ECT,_; - 0.418AAP;_; +0.542AMP;_,
AlnUP, =0.289ECT,_; +0.485AKRN,_;

AInKRN;, =0.241ECT,_; +0.546AUP,_,
~0.408AKRN,_; +0.429AMP,_; +0.494AMP,_,

AlnPB, =-0.307ECT,_; -0.221APB,_,
+0.257AAP,_; +0.301AAP,_, - 0.399AUP,_,

AInMP, =-0.024ECT,_; - 0.546AMP,_; +0.174APB,_,

The Vector Error Correction Model (VECM) results provide
deeper insights into how efficiently state markets adjust to long-run
price equilibrium. Punjab’s relatively high speed of adjustment
(30.7%) indicates that its market responds quickly to price signals
from other states. This behavior is typical of a dependent market,
where local prices are driven by external forces, particularly from
larger producer states. In contrast, Andhra Pradesh corrects only
13.9% of disequilibrium monthly, suggesting a slower response to
external price shifts, possibly due to stronger local demand-supply
dynamics or less integration with national market signals. The
divergence of Uttar Pradesh and Karnataka from equilibrium
reflects short-term volatility or institutional frictions such as
procurement delays, transport constraints, or reliance on local
supply channels. Interestingly, Madhya Pradesh, despite being a
price-dominant state, shows only weak convergence (2.4%),
implying that it serves more as a price originator rather than a
responder. Its prices are less influenced by other markets,
reinforcing its leadership role in the national black gram market
structure. These findings emphasize the asymmetric nature of price
adjustment across markets, driven by differences in production
market infrastructure, and demand.

intensity, regional

Strengthening market linkages and reducing frictions, especially in
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TABLE 11 Pairwise Granger causality test of selected states (n = 123).

Null hypothesis F-Statistic Prob.
AP does not Granger cause UP 4.638 0.0115%
UP does not Granger cause AP 1.995 0.1405
KRN does not Granger cause UP 10.01 0.0001*
UP does not Granger cause KRN 2.401 0.0950
MP does not Granger cause UP 5.980 0.0034*
UP does not Granger cause MP 4.339 0.0152*
PB does not Granger cause UP 1.248 0.2907
UP does not Granger cause PB 20.81 2.E-08%*
KRN does not Granger cause AP 2.722 0.0699
AP does not Granger cause KRN 0.958 0.3865
MP does not Granger cause AP 5.745 0.0042%
AP does not Granger cause MP 1.694 0.1882
PB does not Granger cause AP 0.177 0.8376
AP does not Granger cause PB 17.16 3.E-07*
MP does not Granger cause KRN 6.104 0.0030*
KRN does not Granger cause MP 2.290 0.1057
PB does not Granger cause KRN 0.690 0.5035
KRN does not Granger cause PB 36.24 5.E-13*
PB does not Granger cause MP 3.730 0.0269*
MP does not Granger cause PB 14.37 3E-06*

Price series: AP-Andhra Pradesh UP-Uttar Pradesh KRN-Karnataka MP-Madhya Pradesh
PB-Punjab. *Denotes rejection of the null hypothesis at 0.05 level of significance.

lagging states—can enhance the responsiveness and efficiency of
India’s black gram trade.

3.14 Impulse response function

The Granger Causality test identified Madhya Pradesh as the
key influencer of other markets. The Impulse Response Function
and Variance Decomposition analyzed price reactions to shocks
in MP. Figure 4 illustrates how a standard deviation shock in
Madhya Pradesh (MP) affects prices across integrated markets
over period of ten months. The results reveal that Andhra Pradesh
and Uttar Pradesh exhibit an immediate and significant response,
with prices peaking within two to three months after the shock.
This indicates a high level of sensitivity to price movements in
Madhya Pradesh, which likely reflects close trade linkages and
synchronized harvest periods. Karnataka also responds positively,
although with moderate intensity and slightly delayed stabilization.
This suggests partial dependence on external price signals,
possibly mediated through its own consumption and procurement
cycles. In contrast, Punjab shows a distinct pattern. Prices there
react sharply and negatively in the short term, before gradually
stabilizing over eight to nine months. This could reflect the impact
of higher transaction costs, market inefficiencies, or delayed
transmission due to lower local production and storage constraints
(Yang et al., 2024). The IRF findings highlight the extent and
timing of inter-market dependencies, showing that price shocks in
dominant producer states propagate asymmetrically across the
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FIGURE 3

Granger causality direction between selected states pairs.

Karnataka

network. These dynamics are critical for developing early warning
systems, formulating regional procurement strategies, and
improving buffer stocking decisions in more price-sensitive or
dependent states.

3.15 Variance decomposition

Variance decomposition assesses the contribution of external
shocks to the forecast error variance (Mukherjee and Singh, 2022) of
Madhya Pradesh’s wholesale black gram prices. In the short term,
Madhya Pradesh accounts for nearly half of its own forecast error
variance, reflecting strong internal market factors and its relative
independence from external price movements. However, as the forecast
horizon increases, the influence of Andhra Pradesh grows substantially,
contributing over 42 percent to the price variation in Madhya Pradesh
by the tenth period. This suggests that while Madhya Pradesh may lead
in setting initial price signals, price feedback from Andhra Pradesh
plays a growing role in shaping long run price movements, possibly due
to evolving trade flows or policy interventions. Karnataka also
contributes meaningfully over time, while Uttar Pradesh and Punjab
exert relatively limited influence, highlighting their lesser roles in
driving price dynamics in major producer markets. This reinforces the
view that inter-market influence is not uniform and that a few
dominant states shape the overall price architecture, while others tend
to absorb rather than transmit price shocks (Table 12).

While the study presents robust evidence on price behavior and
market integration of black gram across major Indian states, certain
limitations should be acknowledged. The analysis relies entirely on
secondary data, which may be subject to reporting lags, regional
discrepancies, and data gaps, particularly at the mandi level. The price
series used represent state level averages, which may smooth out
important intra-state variations. Additionally, the selection of markets
was guided by production and consumption shares, and may not
capture all relevant trade corridors, particularly smaller or emerging
markets. Finally, the models assume that past price behavior reflects
current dynamics, which may not fully account for recent disruptions
such as climate shocks, input price inflation, or sudden policy shifts.
These limitations do not undermine the validity of the findings but
highlight the need for future studies to integrate primary survey data,
higher frequency price observations, and market level granularity to
further strengthen the evidence base
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FIGURE 4
Response of other state markets to change in prices of Madhya Pradesh markets.

TABLE 12 Variance decomposition of urad dal prices state of Madhya Pradesh.

Period SE Andhra Uttar Pradesh Karnataka Madhya Punjab
Pradesh Pradesh
1 322.53 34.93 3.07 12.68 49.31 0.00
2 399.07 39.81 7.06 12.97 38.04 2.12
3 476.91 40.80 5.86 15.80 35.82 1.73
4 537.92 40.83 5.57 15.26 36.90 1.44
5 587.33 40.98 5.84 1555 36.00 1.63
6 637.48 41.48 5.77 16.04 35.19 1.52
7 684.61 41.75 5.74 16.04 35.05 1.43
8 727.06 41.75 5.80 16.14 34.88 1.43
9 767.26 41.93 5.76 16.28 34.61 142
10 806.00 42.08 5.74 16.33 34.47 1.39

4 Conclusion and policy implications

This study highlights key trends, challenges, and opportunities in
India’s black gram market. Over the past five decades, area and
production have generally increased, though fluctuations persist due
to agronomic, climatic, and policy factors. While states like Madhya
Pradesh, Rajasthan, and Uttar Pradesh have seen steady growth,
Maharashtra has experienced a decline in cultivation. Despite
expansion, yield improvements remain inconsistent, emphasizing the
need for better technology and resource management. Market
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integration analysis reveals strong price connectivity among states,
with correlation coefficients ranging from 0.878 to 0.953. The
Johansen co-integration test confirms long-term price equilibrium,
while the Granger causality test identifies Madhya Pradesh as a key
price-determining market. Findings from the Vector Error Correction
Model (VECM) further highlight efficient price adjustments,
reinforcing the notion of a well-integrated black gram market.
However, challenges such as price volatility and production instability
persist, necessitating targeted policy interventions to enhance market
efficiency and farmer profitability.
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To address these challenges, there is a need to invest in high yielding,
climate resilient black gram varieties and to strengthen support systems
for their adoption. Developing localized extension services and
subsidizing inputs like certified seeds and soil health interventions can
help stabilize yield levels in fluctuating environments. Strengthening
market infrastructure, especially in states with slower price adjustment
such as Punjab and Karnataka, is equally important. Investments in
scientific storage, decentralized procurement centers, and transport
networks will reduce post-harvest losses and enable smoother market
integration. Additionally, enhancing market information systems with
timely and transparent price updates can improve decision making for
farmers and traders. Introducing mobile based alerts, expanding e-NAM
coverage, and developing real time price dashboards linked to major
benchmark markets like Madhya Pradesh can improve the speed and
accuracy of price transmission. Facilitating interstate trade by removing
bottlenecks such as mandi fees, permit restrictions, and logistical barriers
will further enhance competitiveness and price alignment across regions.
In states like Punjab, where wheat and paddy dominate, structured
incentives such as assured procurement for pulses and minimum
support price enforcement can motivate farmers to diversify. Creating
reliable market linkages through farmer producer organizations (FPOs),
cooperatives, and aggregators will empower smallholders to access
formal markets and negotiate better prices. Moreover, policy frameworks
should recognize the evolving interdependence among state markets. As
Andhra Pradesh and Karnataka gain increasing influence in shaping
price movements, region specific procurement strategies and buffer
stocking plans should be aligned with their market behavior. By
addressing these structural and policy gaps, the black gram sector can
become more competitive, inclusive, and resilient, delivering both food
security and income stability for millions of pulse farmers.
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