J. Soils and Crops 36 (1) 23-32, June 2026

ISSN 0971-2836 (Print)
ISSN 2582-2756 (Online)

DYNAMICS AND DETERMINANTS OF PULSES PRODUCTION

IN INDIA: POLICY IMPACT, PRODUCTIVITY DRIVERS
AND FUTURE SELF-SUFFICIENCY

K. Suganya'
ABSTRACT

This study investigated pulses production in India over 19912024, a period
characterized by significant shifts in agricultural policy, technology adoption, and climate
variability. Using a comprehensive national dataset spanning 34 years, the research analysed
trends in production, area under cultivation, and yield, employing econometric techniques
such as ARIMA, structural break tests, and regression analysis to quantify the effects of
major policy interventions like the National Food Security Mission and Technology Mission
on Pulses. Results indicated that pulses production increased from approximately 14.24
million tonnes in 1991 to a peak of 27.03 million tonnes in 2022, with a compound annual
growth rate (CAGR) of 1.72%. Policy support since 2016 contributed a level shift addition of
about 2.85 million tonnes, significantly enhancing production stability as evidenced by a
decline in the Cuddy Della Valle Instability Index from 26.4 to 12.4 post-policy. Yield
improvements played a greater role than area expansion in driving output, with regression
coefficients of 0.52 for area and 0.013 for yield (both p < 0.01), while rainfall impact was
marginal. Imports decreased by 31%, and exports grew by over 350% post-2016, signalling
progress towards self-sufficiency. Forecasts predict production reaching 28.5 to 29 million
tonnes by 2030 if current trajectories continue. This comprehensive analysis offers critical
insights for policymakers and stakeholders targeting sustainable and resilient pulses
production in India.

(Key words: Pulses production India, agricultural policy impact, crop yield determinants,

food security, sustainable agriculture)

INTRODUCTION

India is globally recognized as both the largest
producer and consumer of pulses, with these crops playing
an integral role in the nation s agrarian economy and
nutritional security. Pulses significantly contribute to protein
intake for the largely vegetarian population and support
sustainable agriculture through their nitrogen-fixing
properties. Over the past three decades, India s pulses
output has experienced notable fluctuations, but recent years
have seen substantial growth attributed to policy
interventions, technological advancements, and expanded
cultivation area. These improvements reflect the impact of
flagship programs such as the National Food Security
Mission (NFSM), the Technology Mission on Pulses, and
enhanced procurement initiatives that have incentivized
farmers and driven historic production breakthroughs.
Between 1991 and 2024, annual production increased from
approximately 14.24 million tonnes to 24.49 million tonnes,
with record outputs exceeding 27 million tonnes in the early
2020s (Varma et al., 2019; Patel and Desai, 2022; Yadav and
Khan, 2019). Despite these gains, India remains a major
importer due to recurring shortfalls caused by climatic risks,

market volatility, and regional disparities in yield and
infrastructure. The ongoing challenge of achieving self-
sufficiency, reducing import reliance, and closing yield gaps
has catalysed empirical research on production trends,
productivity drivers, and policy impacts.

The present study thoroughly examines the
spatiotemporal patterns, structural determinants, and key
constraints of pulses production in India from 1991 to 2024
using a robust national dataset. It focuses on recent
advances, persistent gaps, and the effectiveness of
development strategies, contributing to scholarly debates
by integrating quantitative analyses with literature
syntheses and offering recommendations for inclusive and
resilient growth in the pulses sector (Varma et al., 2019;
Patel and Desai, 2022; Yashona, 2018). Researchers
emphasized that pulses not only improve pulse crop yields
but also enhance soil nutrient dynamics when integrated
into cereal-based cropping systems, contributing to greater
input efficiency and sustainability (Patel and Desai, 2022).
Varma et al. (2019) highlighted that climatic variability,
technological adoption, and policy initiatives collectively
influenced pulses production trends in India. They noted
that the yield improvements, driven by new pulse varieties
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and better agronomic practices, had outpaced area
expansion as the key production driver. Yadav and Khan
(2019) applied ARIMA modeling approaches to forecast
pulses production, validating steady growth patterns and
supporting future policy planning. Furthermore, Yashona
(2018) demonstrated the positive effects of zinc application
modes on pulse crop response, highlighting the role of
micronutrient management in improving yields and crop
health.

The study by Mishra (2023) provides a quantitative
look at long-term trends in Indian pulse production, aiming
to forecast future output at both state and national levels.
By applying a hybrid forecasting model (ARIMA/NNAR)
to time-series data spanning nearly seven decades (1950
2019), the research found a significant, sharp increase in
production, particularly in states like Madhya Pradesh,
Maharashtra, Rajasthan, and Karnataka. A key finding was
that improvements in yield have been the primary driver of
this growth, outpacing the expansion of the area under
cultivation. While the prospects for continued growth are
positive, the study cautioned that volatility persists,
indicating a need for targeted interventions to stabilize
output.

The research by Mohare (2022) complements the
long-term trend analysis by focusing on growth rates and
assessing the impact of policy initiatives from 1992 to 2020.
Using a semi-log linear growth model and the Cuddy Della
Valle instability index, the study revealed a significant post-
2006 acceleration in productivity growth accompanied by
moderate increases in the cultivated area. The findings
suggested that government support schemes, such as the
National Food Security Mission (NFSM), and the adoption
of new technology have improved the overall stability of
the sector. However, the report concluded that instability in
production itself remains a persistent concern for India s
agricultural policy.

Two separate studies focused on the benefits of
integrating pulses into farming systems worldwide. Lasisi
et al. (2023) conducted a global meta-analysis to synthesize
the impact of pulse crops in rotational systems. The study
provided compelling evidence that pulses are a highly
effective component of diversification efforts, showing that
their inclusion raised the yields of subsequent, succeeding
crops by an impressive average of 20%. Similarly, the
systematic review and meta-analysis by Zhao er al. (2022)
affirmed these findings on a global scale. This research
confirmed that the integration of legume pre-crops not only
increases overall yields but also significantly improves input
efficiency, offering broad policy implications for the adoption
of pulse-based intensification in India.

The issue of self-sufficiency was directly
addressed by Varma er al. (2023), who evaluated the
effectiveness of policies aimed at achieving this goal by
combining production statistics, trade data, and policy
analysis. Their findings indicated that India s self-
sufficiency in pulses improved after 2017; however, the
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country still faces a cyclic dependence on imports, and
progress is uneven across different states. This led to a
recommendation for a greater national focus on
strengthening agricultural infrastructure. This fragility was
underscored by the analysis from Anonymous (2024) on
the recent import surge, which found that India s pulses
imports in FY24 hit a six-year high, increasing by 84%. The
growth in imports was attributed to domestic shortfalls
combined with responsive trade policies, which highlights
the delicate state of self-sufficiency.

The most recent data point came from the
Anonymous (2023) Final Annual Report (2022-23), which
documented current production, productivity, and trade
patterns using Ministry data. The report revealed a strong
compound growth rate of 5% in overall output, with key
sub-sectors like Tur, Gram, and Moong recording even
higher rates. Notable export increases in FY23 were explained
as a combination of government initiatives and favourable
climatic factors. Addressing the future, the Anonymous
(2024a) projections found that capita™ availability of pulses
had risen to 19.6 kg by 2022, and future increases would
depend critically on the country s ability to sustain
improvements in productivity.

Finally, the policy and strategic outlook for growth
was outlined in two distinct reports. Vajiram and Ravi (2025)
presented a report detailing the NITI Aayog Plan for Self-
Sufficiency, which proposed a comprehensive roadmap for
expanding production and reducing reliance on imports.
Key elements of this strategy include emphasizing climate
adaptation, realigning subsidies, and providing targeted
state-specific support. Going deeper into the mechanisms
of production, the earlier study by Varma et al. (2019)
employed factor analysis and regression to unravel the
complex effects of climate, market, and technological inputs.
They concluded that variations in yield were largely a
function of input use, irrigation, and local policy context,
thereby calling for a more precise, targeted application of
technology and extension programs to boost production.

Although numerous studies have analysed pulses
production trends and policy impacts in India, a
comprehensive, updated analysis integrating the most
recent data (up to 2024) is lacking. Existing literature often
focused on regional or crop-specific analyses without an
all-India, longitudinal perspective combining production
volume, yield variability, and policy response effects
simultaneously. Additionally, quantifying the interplay
between climatic variability and solution efficacy remains
underexplored. This study fills these gaps by using a unique,
continuous dataset from 1991 to 2024, employing advanced
time-series and econometric techniques to uncover critical
growth drivers, constraint patterns, and sustainability
pathways. It contributes novel insights relevant for policy
optimization and agricultural resilience.

This study is incredibly important because it gives
us a timely and thorough look at India s pulse production
using the last three decades of data. Pulses arent just



another crop; they are crucial for India s food security and
national health, supplying vital protein, especially for the
country s many vegetarian diets. On top of that, theyre
great for the planet, supporting sustainable farming by
naturally enriching the soil with nitrogen (Varma et al., 2019).

The pulse sector has had a rollercoaster ride over
the years, seeing both impressive growth and continuous
market instability. This new research tackles the whole
picture, meticulously examining long-term production trends
alongside key factors like the area planted, crop vield, and
rainfall. It also investigates how major government policies
and new technologies have shaped the outcomes (Varma et
al., 2019). By doing this, the study clearly shows how the
sector has made progress toward self-sufficiency while
pointing out remaining dangers, such as the unpredictable
effects of climatic variation and uneven growth across
different regions. By using advanced economic and time-
series models, this research fills crucial knowledge gaps,
offering a much clearer understanding of what actually drives
pulse output and what barriers must be removed to achieve
future stability (Varma et al., 2023).

Ultimately, the results of this research offer a solid
foundation for policymakers and future researchers. The
findings will help ensure that interventions whether they
involve technology, subsidies, or infrastructure, can be more
precisely targeted to boost productivity, reduce crippling
volatility, and directly improve rural livelihoods as India
continues to develop its agricultural system (Varma et al.,
2023).

Objectives of the studies are as follows

° To analyse the long-term production trends of
pulses in India from 1991 to 2024

° To identify the key factors affecting pulses
production, such as area cultivated, yield, and climatic
variability

° To evaluate the impact of major agricultural policies
and interventions on pulses output and growth

° To compare productivity and growth across
different pulse-producing states and crop types

MATERIALS AND METHODS

This study utilized secondary data aggregated from
the Ministry of Agriculture and state-level reports detailing
annual pulses production in India from 1991 to 2024,
measured in million tonnes and lakh tonnes. The dataset
was comprehensive and longitudinal, allowing robust trend
and variability analysis over 34 years. Descriptive statistics
and graphical analysis captured production patterns and
major shifts. Growth rates and instability indices (such as
compound annual growth rate and Cuddy Della Valle index)
quantified temporal dynamics.

Advanced econometric models including ARIMA
and structural break tests detected production trend shifts
and evaluated the impact of major policy initiatives (e.g.,
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NFSM, Technology Mission). Correlation and regression
analyses assessed the relationship between production and
influencing factors like monsoon variability, area under
cultivation, and yield. Hypothesis testing explored
differences pre- and post-policy periods. Key states and
pulse types were highlighted for sub-group analysis to
contextualize aggregate results.

The methodology emphasized transparency,
relying on well-established statistical software (R and
Python). Results were validated through cross-referencing
with secondary literature and government sources to align
empirical findings with field realities.

Analytical framework

Data analysis was performed employing a suite of
quantitative tools that incorporate both classical and
contemporary statistical methods suited for time-series
agricultural data. The primary software included R (for
advanced statistical modeling and visualization) and Python
(for data manipulation, econometrics, and regression
analysis).

Descriptive Statistics and Data Visualization: Used
to summarize central tendencies, dispersion, and temporal
patterns through means, standard deviations, line charts,
and bar graphs.

Instability and Growth Indices: Compound Annual
Growth Rate (CAGR) measured average production growth
over specific periods. The Cuddy Della Valle Index quantified
production variability, providing insights into stability or
volatility.

Time-Series Analysis: Autoregressive Integrated
Moving Average (ARIMA) models and structural break tests
(using Chow Test or Bai-Perron techniques) detected
significant changes in growth trends and evaluated policy
impacts over time.

Regression Analysis: Multiple linear regression
assessed the association of key predictor variablesarea
cultivated, yield hectare”', and rainfallwith yearly
production volumes. Residual and diagnostic tests validate
model robustness.

Hypothesis Testing: T-tests compared production
metrics between predefined periods to validate the influence
of policy interventions.

Tabular and Graphical Reporting: Comprehensive
tables, scatter plots, trend lines, and bar charts
communicated findings effectively.

These tools collectively enabled a rigorous, nuanced
understanding of production dynamics and underpin
evidence-based policy recommendations.

Dependent Variable:

e Pulses production (in million tonnes)
Independent Variables:

e  Areaunder pulses cultivation (hectares)
e Yield hectare! (kg ha')

e Rainfall/precipitation (mm)



e Policy intervention dummy (e.g., pre- and post-policy
periods)

e Imports and exports (quantitative)

Control Variables:

e Price of pulses

e Technological adoption index

e Climatic variables (temperature, humidity it available)

Hypotheses:
H . There was a significant positive relationship
between area cultivated and pulses production.
H.: Crop yield hectare™ significantly influenced pulses
production.
H : Climatic factors (rainfall) had a significant effect on
pulses output variability.
H: Policy interventions had led to a statistically
significant shift in production trends.

Model and equations:
o Trend model (ARIMA or linear trend):

P.=a+pT + ¢
Where:

p,: Pulses production at year ¢
T: Time trend (years)

& Errorterm

*  Determinant regression model:
Py = Bo + B1Ac + BoY, + B3R, + BuD; + &
Where:

A, Area under pulses cultivation
Y, Yield per hectare
R,: Rainfall
D.: Policy dummy (0 for before policy, 1 for after)
g, Residual error
*  Impact of policy (Difference-in-Differences):
AP = (Ppust - Ppre)
Where,

P post is the average pulses production after the policy was

implemented
Ppre is the average pulses production before the policy

The difference AP measures how much production changed
following the policy introduction

This captures the average shift in outcome due to the policy
Trend model (Structural break):
P.=a+ BT +yD, +§(T X D,) + &

Where,

P, Pulses production at time ¢
T: Time (typically year), capturing the overall trend
D, Policy dummy (0 before policy, 1 after policy)

T x Dt: Interaction term, allowing the trend to have a
different slope after the policy

«: Baseline/intercept

f: Slope before policy

v: Pure level shift after policy (change in intercept)

&: Change in trend after the policy (change in slope)

&;: Error term/unexplained variation

RESULTS AND DISCUSSION

Analysis and interpretation of Indias pulses production
(19912024)

India, as the world s largest producer and
consumer of pulses, plays a crucial role in global food
security and nutrition, particularly in supporting vegetarian
diets. Pulses also contribute significantly to sustainable
agriculture through their nitrogen-fixing properties. Over
the past three decades, pulses production in India has
experienced notable changes influenced by policy
interventions, technological progress, and climate variability.
1. (a) Descriptive statistics

It is inferred from Table 1 that the average pulses
production in India during 1991-2024 was approximately
18.17 million tonnes, exhibiting moderate variability with a
coefficient of variation (CV) 0of 26%. The area under pulses
cultivation experienced moderate but steady growth, while
yield improvements made a larger contribution to production
growth than area expansion, suggesting significant
technological advancements in pulse farming. Renowned
agricultural economists emphasized that yield enhancement
through improved seed varieties, integrated pest
management, and better agronomic practices has been
pivotal in raising output. Moreover, government
interventions such as the National Food Security Mission
and Technology Mission on Pulses since 2016 have
catalysed both the expansion of cultivation area and yield
gains, resulting in marked production increases and greater
stability. This is corroborated by a significant post-policy
level shift of approximately 2.85 million tonnes in production,
alongside a substantial decline in production volatility.
However, Agricultural economists emphasized the
significant role of yield improvements and government
initiatives in driving pulses production growth in India
(Varmaetal., 2019, 2023; Mishra, 2023), while highlighting
the challenges posed by climate variability and regional
disparities (Lasisi ef al., 2023; Zhao et al., 2022).
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(b) Trend visualization

India pulses production (1991-2024)
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Observed and forecast production
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The trend visualizations for pulses production in
India from 1991 to 2024 revealed that after several decades
of stagnancy and climate-driven fluctuations, a
transformative shift occurred post-2016, largely owing to
policy interventions and advanced agronomic practices. The
use of ARIMA and regression models had graphically
illustrated both the slow gains in yield and area prior to
2016, and the pronounced slope of rapid growth thereafter,
with production peaking at 27.03 million tonnes in 2022
(Observational and Forecast Production Trends; Residual
Regression Visualization).

According to Mohare (2022), the moderate
increases in area under cultivation combined with rapid
gains in yield contributed to improved stability, as
evidenced by the decline in the Cuddy Della Valle Instability
Index post-2006, a finding corroborated within the main trend
graphs and regression visuals. Mandal and Roy (2015)
described a structural break in India s import dependency
on pulses, aligning with post-policy trend graph shifts. They
concluded that policies such as NFSM and import
management reduced volatility, a result which was reflected
in the declining regression residuals and instability measures
after 2016. Lasisi et al. (2023) and Zhao et al. (2022) conducted
global meta-analyses, finding that rotation of pulse crops
amplified subsequent yields by 20%, confirming why yield
improvements in India outpaced area expansion according
to both the yield trend visualization and regression
coefficients for yield (0.013, p<0.01). Garg and Mehta (2020)
found that market price volatility remained a threat to regional
stability, a conclusion mirrored in the observed production
dips during erratic rainfall years pre-2016 visualized in trend
graphs.

Agricultural economists previously emphasized
that yield enhancement through diversified cropping and
technological adoption was pivotal for pulses sector growth
(Lasisi et al., 2023; Zhao ef al., 2022). Policy analysts
commented that the steep recovery and upward inflection
post-2016, as shown graphically, confirmed the effectiveness
of coordinated interventions targeting both area and
productivity (Mandal and Roy, 2015; Manjunatha et al.,
2020). Soil scientists asserted that rotational integration, as
per Lasisi ef al. (2023), contributed to sustained
improvements in both cultivars and input efficiencies,
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supporting the rising trend in yield and stability post-2016,
as seen in visualizations. Singh er al. (2021) studied the
instability of Arhar (Tur) in major producing regions,
reporting productivity gaps that had narrowed after policy-
driven interventions this was visually validated by reduced
regression residuals post-2016 in the paper s trend analysis.
Manjunatha et al. (2020) found that implementation of the
National Food Security Mission s strategic support played
a decisive role, reflected in the model s significant policy
dummy variable (2.85 MT increase), affirming the correlation
seen in observed and forecast graphs.

2. Growth and instability analysis

(a) Compound annual growth rate (CAGR)

Pyozq L
CAGR = 33— 1
(P1991 )
24.49 1
CAGR = ( 13 -1=1.72%

14.29

The compound annual growth rate (CAGR) for
pulses production in India over the study period was 1.72
per cent, and this modest increase became far more
pronounced after 2016, following the implementation of
major institutional and technological support programs. The
reduction in sector volatility, evidenced by a Cuddy Della
Valle Instability Index of 12.4, indicated that roughly 78
percent of fluctuations could be explained by the prevailing
long-term growth trend, marking a clear sign of sectoral
maturity.

Researchers had previously commented that this
newfound stability and accelerated growth strongly reflected
the successful outcomes of targeted government
interventions, particularly the National Food Security
Mission and related productivity campaigns. Mohare (2022)
highlighted that the post-2006 acceleration in productivity
and the moderate gains in cultivated area resulted directly
from policy support and technical adoption, a perspective
validated by the significant decline in the instability index
and the steeper production curve evident in visual trend
analyses. Mandal and Roy (2015) also remarked that a
structural break in import dependency occurred post-policy
intervention, thereby reducing shocks to production and
contributing to sectoral resilience and maturity.



Agricultural analysts in the annual reports further
reported that the visible stabilization in volatility and the
marked rise in productivity after 2016 represented a turning
point for the sector, confirming what researchers had
forecasted regarding the effects of well-coordinated, large-
scale interventions. The government reports, highlighted
that India s experience since 2016 constituted a success
story of policy-driven agricultural transformation and
diminishing production instability.

(b) Instability Index Cuddy Della Valle (CDVI)

CDVI = CV x /1 — R,

Assuming R. = (.78 from the trend model:

CDVI =264 x+v1 —0.78=264x047 =124

India s pulses production from 1991 to 2024
experienced fluctuations largely explained (78%) by a long-
term growing trend, indicating improved stability over time
primarily driven by policy support and technological
progress. The production was stagnant and heavily
influenced by monsoon variability in the 1990s, but steadily
increased in the following decades, with a sharp rise after
2016 coinciding with the introduction of government
initiatives such as the National Food Security Mission and
Technology Mission on Pulses. Scientists note that this
trend reflects the positive impact of policy-driven support
in stabilizing output and enhancing productivity through
advanced seed varieties and better agronomic practices
(Varma et al., 2019; Mishra, 2023). Such findings underscore
that while challenges remain, including climatic risks and
regional disparities, sustained technological innovation and
focused government interventions have played crucial roles
in moderating volatility and enabling growth towards self-
sufficiency (Lasisi et al., 2023; Zhao et al., 2022).

3. Time-series modelling
(a) Linear trend model: P, = a + ST + &

Table 2 shows that India s pulses production
witnessed a significant positive trend from 1991 to 2024,
increasing steadily by about 0.38 million tonnes annually.
The results and discussion explained that this consistent
growth was driven primarily by advancements in technology,
improved agricultural practices, and effective government
policy support, particularly after the introduction of
initiatives like the National Food Security Mission and
Technology Mission on Pulses (Varma et al., 2019; Mishra,
2023).

Researchers have reinforced this perspective by
emphasizing the vital role of pulses in enhancing soil health
and crop productivity through nitrogen fixation and
rotational benefits (Varma et al., 2019; Kumar and Singh,
2023). They highlighted that pulse-based cropping systems
contributed significantly to sustainable agriculture in rainfed
agroecosystems by improving soil fertility and water use
efficiency (Kumar and Singh, 2023; Rao and Sharma, 2024).
These improvements in agronomic conditions
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complemented policy-driven technological adoption such
as high-yielding, disease-resistant varieties and better
agronomic practices, which together propelled pulses
production forward (Varma ef al., 2019; Mishra, 2023). The
empirical findings showed that yield improvements played
a greater role than area expansion in driving production
growth, a fact strongly supported by regression analyses
with significant coefficients for both variables. Scientists
had noted that while expanding the cultivation area
contributed, the key to sustained productivity gains lay in
agronomic innovations and crop management improvements
(Varma et al.,2019).

(b) Structural break (Policy intervention: 2016):
P.=a+ T +yD; +6(T X D,) + &

After the launch of the National Food Security
Mission on Pulses (NFSM-Pulses) in 2016, both the
production level and growth rate of pulses in India increased
significantly, clearly confirming the positive impact of this
policy intervention. A structural break analysis (Table 3)
using the Chow test yielded an F-statistic of 8.42 with a p-
value less than 0.01, which rejected the null hypothesis of
no structural break. This statistically significant change in
the production trend post-2016 indicated that the NFSM-
Pulses program effectively accelerated pulses production
in the country. Scientists have noted that such policy-driven
support, coupled with technological advances in seed
quality and agronomic practices, has played a crucial role in
enhancing production stability and growth (Varma et al.,
2019; Mishra, 2023). This highlights the importance of
sustained government intervention to maintain momentum
towards achieving pulses self-sufficiency in India.

(¢) ARIMA Model (Best Fit)

Table 4 shows that the ARIMA model analysis
confirmed that India s pulses production has been stable
with a consistent upward trend, making it well-suited for
forecasting production from 2025 to 2030. The results and
discussion explained that this model provided reliable
projections, reflecting steady growth driven by
technological advancements and supportive government
policies (Varma et al., 2019; Mishra, 2023). The model
forecasted continued increases in pulses output,
supporting effective policy planning and resource
allocation aimed at meeting future domestic demand and
reducing import dependency.

Scientists in the field noted that the stability and
positive trajectory captured by the ARIMA model
underscored the importance of sustained investments in
agricultural technology and targeted government
interventions to maintain long-term growth in the pulses
sector (Kumar and Singh, 2023; Rao and Sharma, 2024). They
observed that these investments included the adoption of
high-yielding, disease-resistant seed varieties, improved
irrigation practices, and integrated nutrient and pest
management, which have collectively enhanced production
resilience against climate variability.



4. Regression analysis (Determinants of production):
Py = By + P1A; + B + BaR: + BuD; + &

Regression analysis in Table 5 showed the primacy
of both area expansion and yield improvement as production
drivers, with coefficients showing high predictive value
(area: 0.52, p<0.01; yield: 0.013, p<0.01). Rainfall s influence
was found to be marginally significant, reflecting the gradual
reduction of monsoon dependency due to better irrigation,
drought-resistant varieties, and agronomic advances. Policy
dummy variables returned a positive and significant impact,
with the NFSM era alone contributing a marked increase of
2.85 million tonnes to national production figures. The R-
squared of 0.89 and adjusted R-squared of 0.87 point to
strong model fit and explanatory power.

5. Hypothesis testing: pre- and post-policy periods

It is evident that India s pulses production has
increased significantly, confirming a robust upward trend
since 2016. The statistical evidence, including a t-value of
9.14 and a p-value less than 0.001, indicates that the era of
focused government intervention has decisively
transformed India s pulses economy. The production has
risen from an average of 14.77 million tonnes during 1991
2015 to around 23.29 million tonnes during 20162024,
reflecting the positive impact of policy measures and
technological advancements, as shown in Table 6.

Scientists from the Indian Institute of Pulses
Research and other institutions have emphasized that this
growth is a result of strategic policy initiatives like the
National Food Security Mission and the Technology
Mission on Pulses. They pointed out that these efforts,
coupled with improved seed varieties and better agronomic
practices, have substantially enhanced productivity across
major pulse-producing states such as Madhya Pradesh,
Rajasthan, Maharashtra, Uttar Pradesh, and Karnataka. The
remarkable increase in export volumes by over 350 per cent
and the sharp decline in import dependency since 2016
further support the narrative of India moving closer to self-
sufficiency
6. Correlation matrix

Correlation analysis reaffirms the value of area
expansion and yields as production multipliers (r=0.89 and
r=0.86, respectively), while highlighting the substitution
effect of imports (correlation with production 1=-0.53). This
negative correlation indicates that as domestic output grows,
import dependence predictably declined, thus realizing key
self-sufficiency objectives. Pulse exports, on the other hand,
had become a credible contributor to overall value, further
diversifying income channels for farmers.

7. State-wise comparative analysis (2024)

It is inferred from Table 8 that the top five states
contribute ~75% of national production. Rajasthan shows
the highest growth (60%), while Madhya Pradesh remains
the largest producer. Despite these positive outcomes, the
study identified several enduring challenges. Continued
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yield gains, while impressive in recent years, will require
ongoing investment in cultivar development, mechanization,
and climate resilience. Regional disparities in productivity
must be addressed through state-specific interventions and
extension support, especially in areas where output lags
behind the national average.

8. Policy impact and self-sufficiency

Since 2016, India s pulses production has shown
significant improvement, with policy interventions such as
the National Food Security Mission boosting growth and
encouraging self-sufficiency. Between 2010 and 2015, the
average production was 17.5 million tonnes, increasing to
23.3 million tonnes from 2016 to 2024a 33% rise. Imports
decreased by 31%, from 4.8 to 3.3 million tonnes, while
exports surged by 357%, from 0.35 to 1.6 million tonnes.
Scientists highlight that these changes demonstrated the
positive impact of government support combined with
technological progress, helping India transition toward near
self-sufficiency in pulses (Varma et al., 2019; Mishra, 2023).
The decline in imports and the rise in exports reinforce the
effectiveness of these policies in stabilizing supply and
boosting the domestic pulse sector s global
competitiveness.

9. Forecast for 20252030 (ARIMA projection)

Future growth prospects appeared robust, with
ARIMA-based projections suggested production could
reach approximately 28.5 to 29 million tonnes by 2030, should
the present trajectory persist. This would align closely with
stated government targets, provided technological and
policy momentum is maintained.

The empirical analysis clearly indicated a steady
and sustainable growth in India s pulses production, with a
compound annual growth rate (CAGR) of 1.72 per cent from
1991 to 2024. The post-2016 period witnessed a marked
acceleration in output, largely due to the implementation of
policy interventions such as the National Food Security
Mission (NFSM) and the Targeted Mission on Pulses
(TMP). These initiatives encouraged the adoption of
improved technologies, expansion of irrigation, and the use
of high-yielding seed varieties. The regression results
confirmed that both area under cultivation and yield
enhancement remained the key determinants of production
growth, while the influence of rainfall has diminished,
reflecting growing climate adaptation and technological
resilience in pulse farming. Moreover, India s dependency
on imports has gradually declined, complemented by a steady
increase in exports, which points to progress toward
achieving self-sufficiency in pulses. Forecasts based on
the ARIMA model predicted that production could reach
nearly 30 million tonnes by 2030 if policy continuity and
technological support persist. Sustained investment in
research, climate-smart agriculture, and market
infrastructure will be critical for consolidating these gains,
ensuring stability, and maintaining India s leadership in
global pulse production and food security in the years
ahead.
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Table 1. Central tendencies and dispersion (1991-2024)

Indicators Mean Median Minimum Maximum Standard Coefficient of
Deviation  variation (%)

Production (MT) 18.17 17.15 11.08 27.03 4.80 264

Area (M ha) 25.00 24.5 203 303 3.06 122

Yield (kg ha™) 689 646 540 A7 110 159

Computed data

Table 2. Linear trend estimated through regression

Coefficient Value t-Statistic p-Value Interpretation

a (Intercept) 11.5 8.23 0.000 Base production in 1991

i (Trend) 0.38 9.62 0.000 Annual increase of ~0.38 MT year’!

Computed data
Table 3. Structural break (Policy intervention: 2016)

Parameter Estimate Interpretation

a 029 Trend before 2016

a +3.20 Level shift post-2016

a +0.45 Steeper growth slope after policy

Computed data
Table 4. ARIMA Model (Best Fit)

Model AIC  Forecast Accuracy (RMSE)  Trend
ARIMA (1,1,1) 142.6 0.93 Upward, steady

Computed data
Table 5. Regression analysis (Determinants of production)

Variables Coefficient (4) Std. Error t-Value p-Value Significance
Constant -5.12 1.84 -2.78 0.008 Significant
Area(4,) 0.52 0.09 5.78 0.000 Significant positive
Yield (v,) 0013 0.004 325 0.002 Significant positive
Rainfall (g,) 0.004 0.002 1.98 0.056 Marginally significant
Policy Dummy (p,) 2.85 0.88 324 0.002 Significant

Computed data (R’ = 0.89), Adjusted (R* = 0.87)
Table 6. Hypothesis testing: pre- and post-policy periods

Period Mean production (MT) __ Std. Dev. t-Value p-Value
Pre-Policy 14.77 222

Post-Policy 23.29 2.83 9.14 0.000
Computed data

Table 7. Correlation matrix

Variables Production Area Yield Rainfall Imports Exports
Production 1 0.89 0.86 041 -0.53 0.62
Area 0.839 1 0.72 0.38 -049 0.38
Yield 0.86 0.72 1 035 -045 0.55

Computed data



Table 8. State-wise comparative analysis (2024)

States Production (MMT)  Share (%) Rank  Growth (20102024)
Madhya Pradesh 6.50 273 1 +55%
Rajasthan 4.00 16.8 2 +60%
Maharashtra 3.50 14.7 3 +25%
Uttar Pradesh 220 92 4 +47%
Karnataka 1.80 7.6 5 +50%
Computed data

Table 9. Policy impact and self-sufficiency

Indicators 20102015 20162024 % Change
Average Production (MT) 175 233 +33%
Imports (MT) 48 33 -31%
Exports (MT) 035 1.6 +357%

Computed data

Table 10. Forecast for 20252030 (ARIMA projection)

Year  Forecasted Production (MT)
2025 251
2026 256
2027 262
2028 270
2029 278
2030 286
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