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Abstract

This study examined the growth performance and determinants of total factor productivity (TFP) for three selected major millets, viz. sorghum,
pearl millet and ragi in the principal millet growing states of India during 2010-11 to 2021-22. Using crop and state specific timeseries data from
the Directorate of Economics and Statistics, Divisia-Tornqvist indices were employed to estimate total output index, total input index and total
factor productivity, while compound growth rates and regression analysis were used to assess productivity trends and their determinants. Results
indicate that, output indices rose sharply for all three millets across states, negative TFP growth was observed for sorghum and pearl millet in
almost all major producing states, whereas ragi exhibited positive TFP growth in Karnataka (2.4 %) and Odisha (1.4 %). Regression results indicate
that public expenditure on agricultural research, education and extension per hectare has a positive and statistically significant effect on TFP for
sorghum in Andhra Pradesh (0.03) and Tamil Nadu (0.11) and for pearl millet in Gujarat (0.10) and Maharashtra (0.01), while cropping intensity has
a strong positive and significant influence on sorghum TFP in Karnataka (3.96) and Maharashtra (0.53). The findings suggest that millet
development strategies should transcend input intensification and prioritise efficiency gains, technology adoption and location-specific

management in predominantly rainfed production environments.
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Introduction

Millets have been crucial part of Indian agriculture for a long time,
especially within arid and semi-arid regions of the country. Among
them, sorghum (Sorghum bicolor L), pearl millet
(Pennisetum glaucum L.) and finger millet (Eleusine coracana L.)
are widely cultivated across diverse agro-climatic conditions of the
country (1-3). India is the world’s largest producer of millets,
contributing about 40 % of global and 80 % of Asian millet
production (4, 5). Their adaptability, low input requirement and
ability to perform well under marginal conditions make them
especially suitable for small and marginal farmers in rainfed, risk-
proneareas (6, 7).

However, the production landscape of millets in India has
undergone significant structural changes over time. Since the
mid-1960s, the area under millet cultivation has declined sharply
by 71 %, from 35 million hectares in 1950-51 to about 9.98 million
hectares in 2024-25 (3, 8). Despite this substantial reduction in
cultivated area, millet productivity has shown a remarkable
increase. Average yields have more than doubled since 1966,
reaching approximately 1262 kg/ha in 2023-24 (5). This trend
indicates that productivity gains have primarily been driven by
technological advancements and improved agronomic practices
rather than expansion in cultivated area (9, 10).

In recent years, millets have gained renewed attention
among researchers, policymakers and consumers; and have been
rebranded as “nutri-cereals” due to their superior nutritional
profile. Rich in proteins, dietary fiber, essential minerals and
antioxidants, millets play a crucial role in addressing malnutrition
and promoting human health (11-14). Their importance has
further increased in the context of global initiatives such as the
International Year of Millets (2023) led by the Food and Agriculture
Organization and their contribution toward achieving Sustainable
Development Goals, particularly zero hunger, good health and
climate action (15-17). Moreover, in the face of climate change,
water scarcity and the ecological limitations of rice-wheat
dominated systems, millets offer a sustainable alternative. Being
C4 crops, sorghum and pearl millet exhibit higher photosynthetic
efficiency and water-use efficiency compared to C3 cereals,
enabling them better performance under heat and moisture stress
with a lower carbon and water footprint (18).

Despite their growing importance, the assessment of
productivity in millets has largely relied on partial indicators such as
yield per hectare or output per worker (19). While these indicators
provide useful insights, but they do not capture the combined effect
of multiple inputs viz, land, labour, machinery, seed, fertiliser,
irrigation, capital used in production. Total factor productivity (TFP)
provides a more comprehensive approach by relating aggregate
output to bundle of inputs and it is most useful to evaluate economic
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performance as an ex-post facto for resource constrained crops like
millets (20, 21). Moreover, TFP analysis is critical to determining
whether growth is a result of input intensification or efficiency-driven
technological progress (22). Most of the empirical studies on TFP in
Indian agriculture have primarily focused on three major big crops
viz. rice, wheat, maize and few commercial crops, usually at national
and regional levels (23-26). In contrast, research on millets has been
relatively limited. Even when millets are considered, they are often
grouped under broad categories like “coarse cereals,” which
obscures important variations in performance across different millet
types and states (27).

Against this backdrop, the present study examines the
dynamics of TFP of millets in India during the period 2010-11 to
2021-22, with specific reference to sorghum, pearl millet and finger
millet in the principal millet producing states. The study is guided
by the objective of estimating and comparing the TFP
performance of these major millet crops and identifying the
determinants influencing their productivity dynamics. More
specifically, it seeks to assess whether millet productivity in India is
stagnating, declining or structurally transforming and to examine
how this productivity trends relate to broader concerns of food
security, climate resilience and diversification-oriented agricultural
policy. The study hypothesises that TFP behaviour in millets is not
uniform across crops and states, but varies according to
differences in production environment, technological change,
resource use efficiency and institutional support. It is further
hypothesised that greater public investment in agricultural
research, education and extension, along with favourable
cropping intensity, contributes positively to millet productivity,
whereas the influence of rainfall and irrigation may remain limited
or crop specific in predominantly rainfed millet systems.

Materials and Methods

The analysis is based on secondary data compiled from published
sources, including the comprehensive scheme for cost of cultivation
of principal crops (28). The TFP captures the share of output change
that cannot be attributed solely to changes in measured inputs.
Accordingly, TFP growth reflects the difference between the growth
of aggregate output and the growth of aggregate input use (29, 30).
Estimation of TFP was carried out using the Divisia-Tornqvist index,
which is widely regarded as an appropriate approach for
productivity measurement (31). For computation of the total output,
total input and TFP indices, the study considered major
sorghum-producing  states (Andhra  Pradesh, Karnataka,
Maharashtra and Tamil Nadu), pearl millet (bajra) producing states
(Gujarat, Maharashtra, Rajasthan and Uttar Pradesh) and finger
millet (ragi) producing states (Karnataka and Odisha). The analysis
covered the period from 2010-11 to 2021-22, corresponding to the
years for which cost of cultivation data was available. State-level
farm harvest prices (current prices) were used to construct the
outputindex.

For developing the total input index, 14 input components
were included viz.,human labour, animal labour, machine labour,
seed, fertilisers and manures, insecticides, irrigation charges,
miscellaneous expenses, interest on working capital, rental value of
owned land, rent paid for leased-in land, land revenue taxes and
cesses, depreciation on implements and buildings and interest on
fixed capital.

2

Total output index (TOI) between period t and t-1 was
computed as a Torngvist-Theil index using Equation (1):

TOIt/ TOl1 =TT (Qit/ Qiex ) V2(Re + Rier) = At covsrnnneeens 1
Similarly, the Total Input Index (TII) was estimated using Equation
(2):

Tl / Tl =T (Xie / Xie1 ) V2(Sie + Sit1) = Bt cevverervennns 2

Where, Rt and Ry = Share of the j" crop output in total
revenue in the year t, Share of the j" crop output in total revenue in
t-1year,

Qi and Qg1 = Output of j" crop in year t, Output of jt" crop in
yeart-1,

St and Si1= Share of input i in total input cost in year t,
Share of input iin total input costin yeart-1,

Xi and Xi1= Quantity of input i in year t, Quantity of input i in
yeart-1,

t=Time period.

The TFP was then obtained as the ratio of output index to
input index using Equation (3):

TFP:=(TOl/ Tlk )% 100........ccrnnneee 3)

Equations (1) to (3) yield the respective indices for total
output, total input and TFP for the time period t.

While computing the TFP series, a chain index approach
was adopted rather than a single fixed-base index (20). The chain
method links year-to-year changes in productivity so that longer-
term movement is obtained by multiplying successive annual
indices. In other words, an index for year t+1 relative to base year t
is constructed and then extended across the full series (from t=0
to T) by chaining the adjacent-period indices. The comparison of
period t with the initial base period 0 is therefore obtained using
the chain product of consecutive indices.

loy=loy*lea*lez*......Xl ¢19...(4)

The compound annual growth rate (CAGR) of TFP is
commonly used to indicate whether a production system is
moving toward or away from sustainability over time. A
production system can be considered sustainable when it is able
to maintain positive TFP growth over the long run (13). To estimate
growth in output, input and TFP over the study period, an
exponential trend model was fitted separately to the respective
index series.

Y=abt.wivoireiierirennnnn(5)
The CAGR has been computed using the formula:
CAGR=(Antilog b-1)100
The F test has been applied to test the significance of b............(6)
Multiple regression

A multiple regression framework was used to identify the key
determinants associated with TFP growth for millets across the
major millet-producing states of India. In this approach, crop-
specific TFP indices were taken as the dependent variable and
were related to a set of explanatory factors that are expected to
influence productivity performance. The functional relationship
was specified in log-linear form as:

In (TFP crop) = f {In (Government expenditure on
agricultural research and education per hectare of cultivated land),
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In (Average Annual rainfall in the state in millimetre), In (Cropping
intensity), In (Netirrigated area)}...................(7)

The required secondary data on public spending for
agricultural research and education (per hectare of cultivated
area), average annual rainfall (mm), cropping intensity and net
irrigated area was compiled from the India Stat database.

Results and Discussion

The Tornqvist indices of the total output, total input and TFP of
sorghum, bajra and ragi crops in India were estimated from
2010-11 to 2021-22 to assess productivity performance in the
major producing states of India. The Tornqvist index is widely used
in agricultural productivity analysis because it decomposes output
growth into input growth and residual productivity change (32).
The revised results for sorghum are presented below.

Total factor productivity of sorghum in major producing
states

Table 1 and Fig. 1 present the trends and CAGR of the TOI, Tl and
TFP of sorghum across major producing states viz. Andhra
Pradesh, Karnataka, Maharashtra and Tamil Nadu from 2010-11
t02021-22, with 2010-11 as the base year (index = 100).

Andhra Pradesh
The TFP of sorghum in the state of Andhra Pradesh decreased
annually with a CAGR value of -0.61 %, despite strong growth in

TOI (8.76 % CAGR) and TII (9.43 % CAGR), shows that productivity
growth did not keep pace with the rise in inputs. Average values of

TOl, TIl and TFP were 149.41, 159.52 and 88.99, respectively
indicating 50-60 % higher output and input use than the base year
(2010-11=100), while productivity remained below the base level.
The TOl indices were highest in the year 2021-22 (422.56), followed
by 2020-21 (308.11) and lowest in the year 2018-19 (60.08). The Tl
was recorded highest in the year 2021-22 (353.98) and lowest in
the year 2011-12 (96.08). The TFP exceeded the base value of 100
in the years 2013-14 (104.15), 201415 (100.68), 2015-16 (101.58),
2020-21 (105.84) and 2021-22 (119.38), suggesting that during
these years improved technology, better management practices
or favourable weather conditions enabled farmers to obtain more
output per unit of input. In contrast, the lowest TFP values were
recorded in 2018-19 (51.69) and 2016-17 (55.12), which was due to
the severe drought and very low annual rainfall. During these
years, farmers incurred higher input use (high TII) but achieved
only modest surge in output (moderate TOI), likely due to adverse
weather conditions, pest and disease outbreaks and other
production shocks (23).

Karnataka

The TFP of sorghum in the state of Karnataka annually decreased
with a CAGR value of -2.37 %. This occurred despite strong growth
in the TOI at 8.10 % per annum and an even faster rise in the Tll at
10.72 % per annum. The average, TOI, Tll and TFP were 181.83,
194.76 and 93.58, respectively, implying that output and input use
increased by approximately 80-95 % higher than in the base year,
while productivity remained below the base level. The TOI values
were recorded highest in the year 2019-20 (281.99), followed by
2018-19 (260.80) and 2021-22 (235.54) and lowest in the year

Table 1. Total factor productivity of sorghum in major producing states of India from 2010-11 to 2021-22

Years Andhra Pradesh Karnataka Maharashtra Tamil Nadu
TOI T TFP TOl T TFP TOl T TFP TOI T TFP
2010-11 100 100 100 100 100 100 100 100 100 100 100 100
2011-12 83.24 96.08 86.64 169.23 152.09 111.27 52.64 63.71 82.62 234.76 236.44 99.29
2012-13  92.74 107.87 85.98 100.24 133.3 75.2 65.02 79.76 81.52 155.74 242.54 64.21
2013-14  148.96 143.03 104.15 169.16 165.95 101.94 111.25 132.14 84.19 228.87 166.74 137.27
2014-15 123.14 122.31 100.68 165.17 179.15 92.2 123.16 167.14 73.69 219.24 171.5 127.83
2015-16  124.37 122.44 101.58 128.9 159.06 81.04 83.13 122.62 67.8 202.05 191.05 105.76
2016-17 74.96 136 55.12 138.04 152.77 90.36 132.07 152.14 86.81 202.95 242.12 83.82
2017-18 150.19 192.15 78.16 198.42 222.21 89.29 135.81 187.21 72.54 216.21 284.3 76.05
2018-19 60.08 116.23 51.69 260.8 243.09 107.28 170.56 187.53 90.95 297.15 310.29 95.77
2019-20 104.56 132.98 78.63 281.99 261.1 108 203.16 212.98 95.39 31177 346.88 89.88
2020-21 308.11 291.11 105.84 234.44 261.75 89.57 133.57 186.7 71.54 316.98 282.1 112.36
2021-22  422.56 353.98 119.38 235.54 306.67 76.81 145.61 192.02 75.83 280.16 298.59 93.83
Average 149.41 159.52 88.99 181.83 194.76 93.58 121.33 148.66 81.91 230.49 239.38 98.84
CAGR 8.76 9.43 -0.61 8.14 8.92 -0.72 8.52 9.53 -0.92 7.3 7.61 -0.29
Note: TOI: Total output index; TlI: Total input index; TFP: Total factor productivity.
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Fig. 1. Compound annual growth rates of total factor productivity of sorghum in major producing states of India from 2010-11 to 2021-22.
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2012-13 (100.24). Tl was highest in the year 2021-22 (306.67). The
TFP values recorded more than base year in 2011-12 (111.27),
2013-14 (101.94), 2018-19 (107.28) and 2019-20 (108.00),
suggesting that in these years, farmers obtained more output per
unit of input than base year, these years reflect periods of better
technology, management and favourable seasons. In contrast, the
lowest TFP values were recorded in 2012-13 (75.20) and 2021-22
(76.81). These years reflect input driven, drought affected
production and the low investment in agricultural research,
education and extension may have contributed to the subdued
productivity growth. Empirical studies have consistently
highlighted public expenditure on research and extension as an
important driver of crop productivity growth in Karnataka (33-35).

Maharashtra

The TFP of sorghum in the state of Maharashtra annually decreased
with a CAGR value of -0.92 % over the period. This occurred despite
strong growth in the TOI at 8.52 % per annum and an even faster rise
inthe Tll at 9.53 % per annum. The average values of TOI, Tll and TFP
were 121.33, 148.66 and 81.91, respectively, reveals that output
increased by 20 % while input use increased by nearly 50 % over the
base year (2010-11 = 100), with productivity remaining well below
the base level. The TOI values were highest in the year 2019-20
(203.16), followed by 2018-19 (170.56) and 2016-17 (132.07) and
lowest in the year 2011-12 (52.64) and 2012-13 (65.02). The TlI, were
recorded highest in the year 2019-20 (212.98) followed by 2018-19
(187.53) and 2017-18 (187.21) and lowest in the year 2011-12 (63.71)
and 2012-13 (79.76). The TFP remained below the base value,
because output falls more than inputs due to bad seasons with
limited cost adjustment, so the efficiency of sorghum production
never surpasses the base-year level.

TamilNadu

The TFP of sorghum in the state of Tamil Nadu annually decreased
with a CAGR value of -0.29 %, where CAGR of TOl and Tll were 7.30 %
and 7.61 % over the period of the study. The average values of TOI,
Tlland TFP were 230.49, 239.38 and 98.84, respectively, implying that
output and input use were both more than double when compared
to base year, while productivity stayed just below the base level. The
TFP index exceeded the base value of 100 in the year 2013-14
(137.27), 2014-15 (127.83), 2015-16 (105.76) and 2020-21 (112.36),
due to good seasons, better yields, shift from animal labour to
machinery and efficient use of fertilisers, so each rupee of input
produced significantly higher output relative to the base year. In
contrast, the lowest TFP values were observed in 2012-13 (64.21),
2016-17 (83.82) and 2017-18 (76.05), coinciding with periods of
severe drought and rising input costs, which constrained output
growth relative to input use. Such declines highlight the sensitivity of
sorghum productivity to climatic stress and cost pressures. Evidence
from Tamil Nadu indicates that climatic variability and agro-
ecological suitability across districts play a crucial role in determining
sorghum performance and productivity outcomes (36).

The inter-state comparison showed negative TFP growth

Table 2. Determinants of total factor productivity of sorghum

for sorghum in all four major producing states during the study
period, despite substantial increases in output. The steepest
decline was observed in Karnataka (-2.37 %), followed by
Maharashtra (-0.92 %) Andhra Pradesh (-0.61 %) and Tamil Nadu
(-0.29%). These results indicate that sorghum output growth in the
selected states was driven primarily by increased use of inputs
rather than by improvements in overall productivity. Previous
researchers reported positive TFP growth during a period
characterised by stronger technological progress and improved
resource-use efficiency in coarse cereals (17). In contrast, the
present study reflects a more recent phase marked by increasing
input intensification, rising cultivation costs and slower
technological gains, resulting in declining productivity. However,
broadly consistent with the evidence reported by previous
researchers (26). A closer examination of inter-state dynamics
further reveals that Tamil Nadu exhibited the highest efficiency
resilience, maintaining relatively stable productivity levels over
time. In contrast, Karnataka showed the strongest input
dependence, where output growth was largely supported by
increased input use. Andhra Pradesh, on the other hand,
demonstrated the highest climate sensitivity, with pronounced
fluctuations in productivity linked to climatic variability. Overall,
these findings underscore significant inter-state disparities in
sorghum productivity dynamics and highlight the urgent need for
targeted technological, agronomic and institutional interventions
to enhance efficiency, particularly in rainfed production systems.

Determinants of total factor productivity of sorghum

The determinants of TFP of sorghum from Table 2 show that the
regression models explain a substantial proportion of productivity
variation across the states, with R? values of 0.60 in Karnataka, 0.87
in Maharashtra, 0.79 in Andhra Pradesh and 0.83 in Tamil Nadu.
Expenditure on agricultural research, education and extension per
hectare had a positive and statistically significant effect on TFP in
Andhra Pradesh (0.03) and Tamil Nadu (0.11), indicating that
public investment in these areas contributed positively to
sorghum productivity in these states (21, 23, 32). Cropping
intensity also had a positive and significant effect in Karnataka
(3.96) and Maharashtra (0.54), suggesting that more intensive land
use was associated with higher productivity where suitable
production systems were in place. Annual rainfall showed a
negative coefficient in Karnataka and Tamil Nadu, indicating that
greater rainfall alone did not necessarily improve sorghum
productivity under existing conditions. Overall, the regression
results suggest that public investment and cropping intensity were
more important drivers of sorghum TFP than rainfall in the study
states (32).

Total factor productivity of pearl millet in major producing
states

Table 3 and Fig. 2 present the trends and CAGR of the TOI, Tl and
TTFP of pearl millet across major producing states viz. Gujarat,
Maharashtra, Rajasthan and Uttar Pradesh from 2010-11 to 2021-

Contents Andhra Pradesh Karnataka Maharashtra Tamil Nadu
R? 0.79 0.60 0.87 0.83
Expenditure on Agri research, education and extension per ha 0.03* 0.00 0.002 0.11**
Annual rainfall 0.01 -0.04 0.007 -0.05
Net irrigated area 0.01 0.00 0.007 0.06
Cropping intensity 0.48 3.96* 0.538™* 0.65

Note: * Significance at 5 % level, ** Significance at 1 % level.
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22, with 2010-11 as the base year (index = 100).
Gujarat

The TFP of pearl millet in the state of Gujarat annually decreased
with a CAGR value of -0.77 %, where CAGR of TOl and Tll were 9.13 %
and 8.28 % over the period of the study (36). The average values of
the TOI, TIl and TFP index in Guijrat over the period were 204.15,
219.03 and 93.80, respectively. The value of the TOI was reached
peak in the year 2019-20 (291.66) and 2018-19 (286.99), while TII
were highest in the year 2021-22 (317.63) and 2020-21 (288.73). The
TFP index exceeded the base year in 2012-13 (108.57), 2018-19
(108.52) and 2019-20 (102.39) because in these years the growth in
total output clearly outpaced the growth in total input use. In
contrast, TFP index was lowest in 2020-21 (79.95), as total output fell
sharply while total input costs continued to rise, so each rupee of
input generated much less output than in the base year, leading to
decline.

Maharashtra

The TFP of pearl millet in the state of Maharashtra annually
decreased with a CAGR value of -0.11 %, where CAGR of TOl and Tl
were 9.27 % and 9.28 % over the period of the study. The average
values of the TOI, Tll and TFP index in Maharashtra over the period
were 158.02, 193.82 and 81.85, respectively. The TOI reached peak in
the year 2018-19 (242.41) and 2019-20 (237.77), whereas the lowest
TOI was in 2014-15 (98.34). The Tl was highest in the year 2021-22
(298.16). The TFP index exceeded the base year in only once, in 2019
-20 (101.20) but remained below the base year in all the other years,
hitting a lowest in the year 2015-15 (55.31), indicating that pearl
millet production efficiency failed to keep pace with rapidly rising

input costs.
Rajasthan

The TFP of pearl millet in the state of Rajasthan showed annual
decline, with a CAGR of -0.92 % over the study period. The average
values of the TOI, Tl and TFP indices over the period were 170.74,
217.37 and 79.44, respectively. The value of TOI attained its highest in
the year 2020-21 (255.42), whereas TIl reached its maximum in the
year 2021-22 (322.81) and 2020-21 (302.96). The TFP never
exceeded the base year and dropped to particularly lowest levels in
the year 2015-16 (64.29) and 2021-22 (68.18). This pattern clearly
indicates persistent efficiency losses, with input intensification not
translating into proportionate gains in sorghum output.

UttarPradesh

In Uttar Pradesh TFP showed a marginal decline, with a CAGR of
-0.13 %, while the CAGR of TOI and TIl were 7.36 % and 7.50 %,
respectively. The average values of the TOI, TIl and TFP indices were
17350, 180.34 and 95.61, indicating that output and input levels
increased by about 74 % and 80 %, over the base year, while
productivity remained only slightly below the base level. The TOI
reached highest in the year 2019-20 (260.79), whereas TIl was
highest in the year 2018-19 (229.85). The highest TFP were recorded
in the year 2019-20 (113.58) followed by 2016-17 (108.20), 2012-13
(102.84) and 2018-19 (100.63). These periods reflect comparatively
favourable seasons and more efficient use of human labour,
machinery, seed, fertilisers and irrigation, so that each rupee spent
on input generated more output. The lowest TFP values were
recorded in 2011-12 (79.96) and 2020-21 (81.30), due to higher input
costs. These are therefore input-driven or stress-affected years, in

Table 3. Total factor productivity of pearl millet in major producing states of India from 2010-11 to 2021-22

Years Gujrat Maharashtra Rajasthan Uttar Pradesh
TOI Tl TFP TOI Tl TFP TOI Ll TFP TOI Tl TFP
2010-11 100 100 100 100 100 100 100 100 100 100 100 100
2011-12 130.81 145.22 90.08 103.64 117.06 88.53 98.12 137.98 71.11 90.02 112.58 79.96
2012-13 174.98 161.16 108.57 113.76 125.69 90.51 115.33 146.99 78.46 137.54 133.75 102.84
2013-14 168.09 174.68 96.23 129.94 186.01 69.86 153.21 168.64 90.85 144.31 156.5 92.21
2014-15 194.27 218.81 88.79 98.34 177.81 55.31 152.43 201.19 75.76 173.11 176.89 97.87
2015-16 207.23 226.67 91.42 99.01 170.87 57.94 128.91 200.5 64.29 186.1 189.21 98.36
2016-17 193.23 225.74 85.6 180.32 214.31 84.14 199.71 237.46 84.1 233.97 216.24 108.2
2017-18 184.09 220.37 83.54 164.03 196.02 83.68 168.59 239.23 70.47 148.33 178.36 83.16
2018-19 286.99 264.46 108.52 242.41 250.44 96.79 209.88 260.92 80.44 231.31 229.85 100.63
2019-20 291.66 284.84 102.39 237.77 234.96 101.2 247.14 289.71 85.31 260.79 229.61 113.58
2020-21 230.84 288.73 79.95 190.59 254.46 74.9 255.42 302.96 84.31 173.24 213.09 81.3
2021-22 287.61 317.63 90.55 236.46 298.16 79.31 220.08 322.81 68.18 203.31 228 89.17
Average 204.15 219.03 93.8 158.02 193.82 81.85 170.74 217.37 79.44 173.5 180.34 95.61
CAGR 8.28 9.13 -0.77 9.27 9.28 -0.01 9.11 10.13 -0.92 7.36 7.5 -0.13
Note: TOI: Total output index; TIl: Total input index; TFP: Total factor productivity.
0
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Fig. 2. Compound annual growth rates of total factor productivity of pearl millets in major producing states of India from 2010-11 to 2021-22.
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which rising costs and adverse production conditions pushed pearl
millet productivity well below the base year level.

The inter-state comparison showed negative TFP growth in
all four major pearl millet-producing states during the study period.
The steepest decline was observed in Rajasthan (-0.92 %), followed
by Gujarat (-0.77 %), Uttar Pradesh (-0.13 %) and Maharashtra
(-0.11 9%). Hence, pearl millet output growth across these states was
predominantly input-led rather than productivity-led. A closer
examination of inter-state dynamics shows considerable variation in
productivity performance. Among the selected states, Uttar Pradesh
exhibited the highest efficiency resilience, maintaining TFP levels
close to the base and recording several years with TFP greater than
unity. In contrast, Rajasthan demonstrated the strongest input
dependence, where rapid increases in input use were not matched
by corresponding gains in output, resulting in persistently low
productivity levels. Gujarat, on the other hand, showed the highest
climate sensitivity, with notable fluctuations in TFP, particularly
during stress years when output declined despite continued input
use. This pattern suggests that further improvement in pearl millet
performance will depend more on efficiency enhancing
technologies, climate-resilient cultivars and better crop
management than on additional input intensification alone (21, 35).

Determinants of total factor productivity of pearl millet

The regression results in Table 4 show that the explanatory variables
account for a high proportion of TFP variation in Gujarat (R* = 0.90)
and Maharashtra (R*=0.93) and a moderate proportion in Rajasthan
(R*=0.49) and Uttar Pradesh (R*=0.59). Expenditure on agricultural
research, education and extension per hectare had a positive and
statistically significant effect on TFP in Gujarat (0.10) and
Maharashtra (0.01). By contrast, rainfall and net irrigated area
showed small negative and non-significant coefficients in Gujarat
and Maharashtra, while rainfall also showed a negative coefficient in
Uttar Pradesh. These results indicate that knowledge and innovation
-related investment contributed more to TFP improvement than
simple expansion of water use. Recent work likewise shows that
agricultural research, innovation and extension are central to

Table 4. Determinants of total factor productivity of pearl millet

productivity growth and farmer adaptation (17, 36).
Total factor productivity of ragiin major producing states

Table 5 and Fig. 3 shows the trends and CAGR of the TOI, Tll and TFP
of ragi across major producing states viz. Karnataka and Odisha from
2010-11to0 2021-22, with 2010-11 as the base year (index=100).

Kamataka

The TFP of ragi in Karnataka increased at a CAGR of 2.4 % per annum,
while the CAGR of TOI and Tl were 11.0 % and 84 %. This indicates
that expansion in ragi output was driven predominantly by higher
input use rather than strong productivity gains. The average TOI, TlI
and TFP over the period were 226.04, 180.01 and 123.73, respectively,
implying that output more than doubled and input use increased by
about 80 % over the base year, while productivity improved by only
about 24 %. The TOI peaked in 2020-21 (383.83), followed by 2019-20
(316.36), reflecting years of exceptionally high ragi output, whereas the
lowest values were recorded in the initial years of the series. The Tll was
highest in the year 2020-21 (271.47) and 2019-20 (234.83) and
remained well above the base from 2012-13 onwards. The TFP
remained above the base value of 100 in most of the years, notably in
2012-13 (124.92), 2013-14 (132.36), 2015-16 (111.66), 2016-17
(169.76), 2018-19 (149.69), 2019-20 (134.72) and 2020-21 (141.39),
suggesting that in these years farmers were able to secure higher
output per unit of input, possibly due to better varieties, improved
agronomic practices or favourable weather conditions. These findings
are consistent with earlier empirical evidence (32, 35, 37), which
reported that technological advancements and enhanced crop
management practices contributed significantly to productivity gains
indryland cereal systems.

Odisha

In Odisha, TFP of ragi was showed a positive but slower improvement,
with a CAGR of 1.63 %, while the CAGR of TOI and TIl were 6.95 % and
5.23 % respectively. The average TOI, Tll and TFP were 162.45, 164.36
and 98.06, respectively, indicating that both output and input use were
around 60 % higher than the base year, while productivity, on average,
remained slightly below the base level. Output growth was strongest

Contents Gujrat Maharashtra Rajasthan Uttar Pradesh
R? 0.90 0.93 0.49 0.59
Expenditure on Agri research, education and extension per ha 0.1006* 0.010** 0.00 0.03
Annual rainfall -0.0002 0.001 0.05 -0.01
Net irrigated area -0.0002 -0.012 0.00 0.01
Cropping intensity 0.0086 0.221 0.98 0.33
Note: * Significance at 5 % level, ** Significance at 1 % level.
Table 5. Total factor productivity of ragi in major producing states of India from 2010-11 to 2021-22
Years Karnataka Odisha
TOI TIl TFP TOI TIl TFP
2010-11 100 100 100 100 100 100
2011-12 104.96 113.74 92.28 92.97 113.43 81.96
2012-13 154.09 123.35 124.92 131.23 138.82 94.53
2013-14 181.44 137.08 132.36 164.45 159.16 103.33
2014-15 185.8 187.2 99.25 153.23 171.02 89.6
2015-16 229.93 205.93 111.66 144.64 176.94 81.75
2016-17 272.26 160.38 169.76 189.69 184.15 103.01
2017-18 249.67 205.69 121.38 159.46 182.71 87.28
2018-19 292.89 195.67 149.69 178.67 181.15 98.63
2019-20 316.36 234.83 134.72 247.86 189.43 130.84
2020-21 383.83 271.47 141.39 175.63 180.71 97.19
2021-22 241.24 224.76 107.33 211.58 194.83 108.6
Average 226.04 180.01 123.73 162.45 164.36 98.06
CAGR 11 8.4 2.4 6.95 5.23 1.63

Note: TOI: Total output index; TIl: Total input index; TFP: Total factor productivity.
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Fig. 3. Compound annual growth rates of total factor productivity of ragi in major producing states of India from 2010-11 to 2021-22.

in the year 2019-20 (247.86), followed by 2021-22 (211.58) and
2016-17 (189.69), whereas the lowest TOl was seeninthe year 2011-12
(92.97), pointing to an early year slump in production. Input use was
increased steadily and peaked in the year 2021-22 (Tl 194.83) and
2019-20(189.43), showing a clear intensification of ragi cultivation over
time. However, TFP exceeded the base value only in a few years viz.,
2013-14 (103.33), 2016-17 (103.01), 2019-20 (130.84) and 2021-22
(108.60) indicating that genuine productivity gains were sporadic and
often associated with specific favourable conditions like better
varieties and policy measures and awareness about millets.

The inter-state comparison of TFP for ragi in two major
producing states showed positive TFP growth rate over the study
period. While Karmataka shows a more robust and consistent path
toward improving productivity, Odisha's efforts will require continued
focus on addressing the barriers to sustained productivity
improvements. Policy support, technological adoption and targeted
interventions will be crucial for both states to ensure that ragi
production remains economically viable and competitive in the long
term.

Determinants of total factor productivity of ragi

The determinants of TFP of ragi from the Table 6 show that
productivity changes much better in Odisha with R*= 0.85 it indicates
that 85 % variation than in Kamataka with R = 0.33 indicates 33 %
variation. Expenditure on agricultural research, education and
extension per hectare and cropping intensity have positive but
non-significant effects in both the states, suggesting that greater
investment in knowledge systems and more intensive land use is
generally supportive of TFP growth (32). In Odisha, annual rainfall
(0.039) is the only factor with a positive and statistically significant effect
at the 5 % level, highlighting the crucial role of adequate rainfall in
sustaining ragi productivity. By contrast, the negative coefficients for
rainfall in Karnataka (-0.039) and net irrigated area in Odisha (-0.05),
though non-significant, indicate that increases in rainfall or irrigation
under existing management conditions do not increase TFP.

Table 6. Determinants of total factor productivity of ragi

Conclusion

The study shows that sorghum and pearl millet experienced
negative or near stagnant total factor productivity in most major
states, while ragi recorded positive total factor productivity (TFP)
growth in Karnataka and Odisha. Public investment in research,
education, extension and improved cropping intensity emerged as
key factors supporting TFP growth, whereas rainfall and irrigation
showed limited influence. Overall, sustained millet productivity
will require both stronger technological advancement and better
farm-level efficiency in resource use.

Our results suggest that the predominance of input-driven
growth in sorghum and pearl millet implied that policy advocacy
must be focused on improving input-use efficiency and promoting
technological progress, rather than increasing input use in Indian
agriculture. The consistent positive role of agricultural research,
education and extension services underscores the need for greater
and more targeted public investment in millet-focused research
and development, including the development of stress-tolerant,
high-yielding and nutrientrich varieties, location-specific
agronomic practices and stronger last-mile extension through
Farmers Producer Organizations (FPOs), Self-Help Groups (SHGs)
and local institutions. The positive association between cropping
intensity and TFP in several states suggests that promoting millet-
based, diversified cropping systems, including rotations and
intercropping with pulses and oilseeds, can enhance resource-use
efficiency, soil health and farm incomes, provided suitable risk
management and market support mechanisms are in place. The
TFP evidence suggests a complete transformational shift to
strengthen millet markets, assured remunerative prices, assured
procurement, inclusive public distribution schemes, support for
local processing, value addition and rural entrepreneurship in the
declined millet area (by acreage) by boosting circular economy.

Contents Karnataka Odissa
R? 0.33 0.85

Expenditure on Agri research, education and extension per ha 0.009 0.004
Annual rainfall -0.039 0.039*
Netirrigated area 0.010 -0.050
Cropping intensity 0.195 2.115

Note: * Significance at 5 % level, ** Significance at 1 % level.
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