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Abstract

This research aims to have a holistic view of the relationship between agriculture outcome/output
and agricultural spending in India. The unique part of the study is that it highlighted the nexus between
agriculture outputs from a historical point of view. The empirical part of this study is analyzed using
the development of the co-integration method followed by the VECM model. The empirical analysis shows
-a long-run association between agriculture spending and production, and this feedback is bidirectional.
Agricultural production positively responds to agricultural spending in India both in the short and long run,
especially in sowing seasons. However, the exciting finding of the study is that the speed of adjustment
of agricultural spending on output is plodding. This implies that any shock of the agricultural production can
be corrected by agricultural spending by just 20 percent, and it will take more than four years to stabilize
the agricultural output with agricultural expenditure. Thus the tendency of agrarian spending to stabilize
agrarian output in India is not so encouraging.
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Introduction

India is the second-largest producer and exporter
of food grains, fruits, vegetables, and wheat
(Mukherjee, et.al, 2019). Agriculture is considered
the backbone of the Indian economy. A vast
majority of our total population is dependent
on their livelihood from agriculture.
The agricultural sector plays a vital role
in developing the Indian economy (Arjun,
atthe time of independence. As a legacy from British
Colonialism, age-old and traditional techniques
were applied in agriculture (Burton, 1998).
The productivity was inferior and high taxation
(Bayly, 1985). Due to its low productivity,
agriculture could manage only subsistence livings
to Indian peasants under feudal structure (Pradhan,
2007).

The Indian economy has continued being
predominantly agrarian both in terms of its
Gross Domestic Product (GDP) and providing
employment to the country’s labor force (more

than 60 percent of the workforce is still engaged
in agriculture) (Ghose, 1982). As being primarily
dependent on monsoons, the initial challenge was
to build irrigation infrastructure that began even
before Britishers' independence (Habib, 2000).
By 1947 the network of irrigation canals was
only 17% of the net sown area. Almost 80%
of the cultivable area was still dependent
on monsoons, resulting in low crop production
and was prone to famines (Subramaniam, 2008).

However, after independence, the rapid growth
accelerated but was quite low than the non-farming
sector. A long way from the chronic food-deficit
country to a self-sufficient food country had been
a commendable achievement (Roy, 2002). During
the early phase of independence, agricultural policy
witnessed tremendous growth. Agrarian reforms,
institutional changes, development of major
irrigation projects, and strengthening cooperative
credit institutions were key features of early plans
(Kumar 2005; Pradhan 2007; Subramaniam,
2008). Land reforms' most important contribution




was abolishing intermediaries and giving land
titles to the actual cultivators (Travers, 2004).
This released productive forces, and the owner
cultivators put in their best to augment production
on their holdings. Land reforms were significant
in increasing agricultural production during this
phase (Balakrishnan and Parameswaran, 2007).

A new phase started in Indian agriculture during
the mid-1960s by adopting a new agricultural
strategy (Green revolution). The new agricultural
strategy relied on high-yielding varieties of crops,
multiple cropping, the package approach, Credit
facilities, modern farm practices, and the spread
of irrigation facilities (Kumat et al., 2010;
Tirthakar, 2002). During the early 1980s, India
started witnessing the process of diversification,
which resulted in fast growth in non-food grains
output like milk, fishery, poultry, vegetables, fruits,
etc. which accelerated growth in agricultural GDP
during the 1980s (Bannerjee, 2005).

Recent studies show that India has witnessed
asignificantincrease in food grain production (green
revolution), oilseeds (yellow revolution), milk
(white revolution), fish (blue revolution), and fruits
and vegetables (golden revolution) (Mahadevan,
2003). Now, India is marching towards what is
called as ICT (information and communication
technology) Revolution in agriculture (Bharti,
2018). The food safety net for every of the over
a billion citizens - a growing number - requires
enhanced agricultural production and productivity
in the form of a Second Green Revolution (Saradhi
et al., 2020; Ramakumar, 2020; Mozumdar,
2012). Further, special attention is required
for achieving higher production and productivity
levels in pulses, oilseeds, fruits, and vegetables,
which had remained untouched in the First Green
Revolution but are essential for nutritional security.
In this regard, achieving high poultry production,
poultry, and fisheries (Manida and Nedumaran,
2020).

In contrast to India, the EU agricultural area has
reduced slightly, mainly driven by decreasing
cereals and oilseed acreage (Schebesta and Candel,
2020). However, land use for pasture, fodder,
and protein crops has grown. The areas for barley
and wheat have decreased, while maize areas
have compensated for this by meeting the demand
for cereal feed (European Commission, 2020;
Baldosetal.,2019). Overall there has been a decline
of 12 percent in agricultural production in the EU
in the last decade. The decline in agricultural output
would tighten the EU food supply, resulting in price
increases impacting consumer budgets (Beckman
et al., 2018; Schebesta and Candel, 2020).

In trade, EU exports of agriculture have
strengthened thanks to converging EU and world
prices and proximity to importing markets,
primarily in the Mediterranean region and sub-
Saharan Africa (Beckman et al., 2018). There has
been a decline in the farm workforce due to structural
changes at the EU level and that has slowed down
to 1% per year, primarily from technological
progress in machinery and equipment (Schebesta
and Candel, 2020). However, the real income
per worker has increased by 0.5% per year, slowing
down from 1.9% in the past decade (Rossi et al.,
2012). The above trends in agriculture production
in the EU are due to public and private investment
in agricultural research and development (R&D),
spurring innovation in the field (Fuglie, 2018;
Garnett et al., 2013). The investment in agricultural
research and development (R&D), the technology
treadmill, Insurance support to farmers, marketing
facilities, and the strategies goal put forward by EU
in 2020 has resulted from growth in agricultural
production (Maggi et al., 2019; Skevas and Oude
Lansink, 2020; Bastiaans et al., 2008; Chikowo
et al., 2009).

On the other hand, Public expenditures
on agriculture have been the most important driving
force for agricultural output. The expenditure
includes short-term costs and long-term investments
(Pardey, Roseboom and Craig, 1992; Rosegrant
and Evenson, 1992). Investment in agriculture
and forestry includes government expenditures
directed to agricultural infrastructure, research
and development, and education and training
(Evenson et al., 1991). Comparisons between
developed and developing countries reveal, a more
significant variation among developing countries
than industrial countries (Chavas and Aliber,
1993). Investment in infrastructure has been cited
as an essential source of growth in agriculture
(Jayne et al., 1994). Public investment in forms
of human capital: education, extension, training,
and technology research have also been shown
to increase productivity (Antholt, 1994; Beal, 1978;
Evenson and McKinsey, 1991; Pray and Evenson,
1991; Zdrahal, 2021). Egwu (2016) also examined
the impact of agricultural financing on agricultural
output, economic growth, and poverty alleviation
in India from 1980 to 2010. The study found that
commercial bank credit to the agricultural sector
and agricultural credit guarantee scheme fund loan
to the agricultural sector is significant to agricultural
sector output percentage to gross domestic product.

As far as the state of Indian Agriculture is concerned,
Agriculture is the livelthood for a majority
of the population and can never be underestimated.




Although its contribution to the gross domestic
product (GDP) has reduced to less than 20 percent
and the contribution of other sectors increased
faster, agricultural production has grown. This has
made us self-sufficient and taken us from being
a begging bowl for food after independence
to a net exporter of agriculture and allied
products. GDP from Agriculture in India increased
to 6364.44 INR Billion in the fourth quarter of 2020
from 3802.39 INR Billion in the third quarter
0of 2020 (Government of India, 2019).

Total food grain production in the country is
estimated to be a record 291.95 million tonnes,
according to the second advance estimates
for 2019-20. This is news to be happy about, but
as per the Indian Council for Agricultural Research
(ICAR) estimates, demand for food grain would
increase to 345 million tonnes by 2030. The share
of agriculture in the gross domestic product (GDP)
has reached below 20 percent for the first time
in the last 17 years, making it the only bright spot
in GDP performance during 2020-21, according
to the (Economic Survey 2020-2021).

The resilience of the farming community
in the face of adversities made agriculture
the only sector to have clocked a positive growth
of 3.4 percent at constant prices in 2020-21
when other sectors slid. The share of agriculture
in GDP increased to 19.9 percent in 2020-21
from 17.8 percent in 2019-20 (Government
of India, 2019). The last time the agriculture
sector's contribution in GDP was at 20 percent was
in 2003-04. This was also when the industry clocked
9.5 percent GDP growth, after the severe drought
of 2002 when the growth rate was negative.

The growth in GVA (gross value added)
of agriculture and allied sectors has fluctuated over
time. However, during 2020-21, while the GVA
for the entire economy contracted by 7.2 percent,
growth in GVA for agriculture maintained a positive
growth of 3.4 percent. The continuous supply
of agricultural commodities, especially staples like
rice, wheat, pulses, and vegetables, also enabled
food security (Handbook of India Economy, 2020).
In 2019-20 (according to fourth advance estimates),
total food grain production (296.65 million tonnes)
in the country was higher by 11.44 million tonnes
than in 2018-19. It was also higher by 26.87 million
tonnes than the previous five years (2014-15
to 2018-19) average production of 269.78
million tonnes (Reserve Bank of India, 2020).
The production also boosted allocation of food
grains under the National Food Security Act

(NFSA) increased by 56 percent in 2020-21,
compared to 2019-20

As far as agricultural spending in India is
concerned, the revenue expenditure budget estimate
on agriculture and allied services in India
by the state and central governments amounted
to an estimated 4.1 trillion Indian rupees in 2018
(Bharti, 2018). This was a significant increase
compared to the fiscal year 2009 (De and Dakhar,
2018). However, the expenditure on agriculture
has not yielded the dividend to India as expected
(Amarnath and Prasad, 2009; Mozumdar, 2012;
Subramaniam, 2008). The Indian government
has also made several other efforts to finance
the agricultural sector to improve its contribution
to annual income in the economy (Recent schemes
include the Pradhan Mantri Krishi Sinchai Yojana,
National Scheme of Welfare of Fishermen, KCC
for animal husbandry and fisheries, Pradhan Mantri
Kisan Samman Nidhi, Pradhan Mantri Kisan Maan
Dhan Yojana, Interest subvention for the dairy
sector, Credit facility for farmers, Crop insurance
schemes. Despite these vast sums of money
allocated to the industry through these schemes
over the years, the contribution of agriculture
in India remains doubtful (Saradhi et al., 2020;
Ramakumar, 2020).

Therefore, the above-mentioned trends
and discussion have called for the need
for empirical investigation of the relationship
between government agricultural  spending
and agricultural output in India spanning 1980
to 2019. Therefore, the study aimed to examine
the nature of causation between government
agricultural spending and agricultural output
in India and the extent to which government
agricultural spending affects agricultural output
in India. Further, it is pertinent to re-examine
the relationship between government agricultural
spending and agricultural output in India using
recent data and employing the best fit methodology
to address the endogeneity issues among
the explanatory variables. The study also aimed
to explore the effective variables that can be targeted
through government spending to boost the long-run
agricultural output.

Material and methods

This study is primarily based on time series
secondary data for the period 1980-2019. The data
has been collected from many sources, including
the state finance reports, RBI, MOSPI, NABARD,
and India's Ministry of Agriculture government.




Model specification

To capture the effect of government agricultural
spending on agricultural output in India, the study
adopts the essence of Cobb-Douglas production
function with modifications. Thus, decomposing
capital into government agricultural spending,
the value of loans guaranteed by NABARD
to the agricultural sector and commercial bank
loans to the agricultural sector, the interest charged
on loans to the sector and agricultural labor force,
the functional form of the model can be stated as:

OPt = f(Op t-i + GAt + CBt + NABARDt + It +
+ Alt) (1)

Expressing equation (1) in stochastic form
and taking the natural logarithm (In), the model can
be stated as:

Op,= a,+ B,InGA, + B, InCB, + B, INnNABARD, +
+ B, Inl, + B, InAL, + g, )

Where:

OP is Agricultural output at the time, 7, GA is
Government expenditure on Agriculture, CB is
loaned to Agriculture from commercial banks,
NABARD is loans and assistances from NABARD,
I is the interest rate on loans for Agriculture, and
AL is the agriculture labor force. o, is Constant
Intercept; B, B, B, B, B, are Slope of Coefficients
of the explanatory variables and x,is Stochastic
disturbance term.

Estimated model

The econometric framework adopted in this paper
is based on developments in the co-integration
and error correction model suggested by Johansen
(1988) and Johansen and Jusellious (1995).
By applying VECM techniques to the time series
data, based on the results of the unit root and multi-
variate co-integration test, we can approximate
adynamic structure inwhich initially all the variables
in both the models are treated as endogenous. Most
time series analysis de- demonstrates nonstationary
characteristics in their mean or trending pattern.
If the data is trending, then some form
of de-trending is needed. The most common
de-trending practices are differencing and time-
trend regressions (Junkova, 2011; Tyrychtr, 2015).
Thus, the first step in co-integration modeling is
often taken by testing for unit roots to determine
whether trending data should be differenced
or regressed on deterministic functions of time.

After employing unit root and co-integration
modeling for the time series data set of each

determinant function, we can constitute a model
free of spurious properties and having a dynamic
robustness structure. Based on the unit root
and  co-integration  results, we identify
the VECM suitable for generating powerful
results in agricultural output. As stated above,
this study employs Johansen's multivariate
co-integration approach developed by Johansen
(1988) and Johansen and Jusellious (1995),
specified as a reduced-form VAR model of order
p- Therefore, in this study, the VECM model is
used to assess the short- and long-run determinants
of Agriculture output through various institutional
inputs.

y=Ay, .. FAy, + .. +Apyt_p +Bx,t e, 3)

The above equation (3) states that the procedure
by which the dependent variables in yt vary about
their time-invariant means is entirely determined
by the parameters in 4, and B, and the (infinite)
past of y itself, the exogenous variables x,, and the
history of independently and identically distributed
shocks, e, e ,, .. Therefore, the joint distribution
of y, is determined by the distributions of x, and e,
and the parameters B and A4..

However, according to the Granger representation
theorem (Granger, 1988), if co-integration
is established among a vector of variables
in the model, then a valid error correction model
may be estimated; if not, then VAR is used.
Therefore, in this study, the choice of whether
to use VAR or VECM for estimations follows
the Granger representation theorem; that is, it is
based on co-integration results.

Estimation procedure

Nonstationary data leads to spurious regression
due to non-constant mean and variance (Dimitrova,
2005). If a series is stationary without any
differencing, it is said to be I(0) or integrated
of order 0. However, if a series is stationary after
first difference is said to be I(1) or integrated
oforder 1. To this end, the Augmented Dickey-Fuller
(ADF) and Phillips-Perron (PP) tests have been
adopted to examine the stationary, or otherwise,
of the time series data. The lowest value
of the Akaike information criterion (AIC) has
been used in this to decide the optimal lag length
in the ADF and PP regression. These lags were
used in ADF and PP regression to make sure that
the error term is white noise. If all the variables
in an equation are in integral order of I(1)
and the resulting residuals are I(0). According
to Engle and Granger (1988), it can be declared




that there resides a corresponding error correction
mechanism (ECM or e ), and the basic models
will be transformed accordingly. The regression
from the ADF test is of the following form:
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Ay, = ap+ a1y, 1 + ZY]AJ’t—j + & “4)
=

where D is the first-difference operator, y, is
the respective variable of expenditure over time,
p is lag, a, is constant, a, and g is parameters,
and e denotes stochastic error term.

If a, = 0, then the series is said to have a unit root
and is nonstationary. Hence, if the hypothesis,
a, = 0, is not accepted according to the equation, it
can be concluded that the time series does not have
a unit root and is integrated of order 1(0). In other
words, it has stationarity properties.

Similarly, the regression from Phillips-Perron (PP)
test is in the following form:

A R OCZ(I—TQ) tu, )

Where a, is the intercept, a, and a, are the expected
least squares regression coefficients, the hypotheses
of stationarity to be tested is HO: ¢, = 0 and &, = 0.

Co-integration test

After analyzing whether the series is stationary
in levels or first difference or integrated in the same
order, then Johansen’s co-integration method is
used to verify whether there exists a co-integrating
vector among the variables or not (Johansen, 1988).
Johansen's co-integration test employs two test
statistics to identify the number of cointegrating
vectors: the Trace test and the Maximum Eigenvalue
test. The Trace statistics tests the null hypothesis
of r co-integrating vectors/equation in the given
series against the alternative hypothesis of no
co-integrating equations. The Trace statistics test is
calculated by using the following expression:

LR ("/n) = =T » Tit 44 log(1 — Yy) (6)
where

Y is the Trace statistics value, n is the number
of variables in the system, andr=0, 1,2, .. ., n-1
co-integrating equation.

The test statistic for Max Eigenvalue is computed
as:

LRuax("/p 4 1) = —T *log(1 =) (7)

where
Y is the Max Eigenvalue and 7T is the sample size.

In case the Max Eigenvalue statistic and the Trace
statistic yield different results, then trace test
statistic will be preferred as suggested by Alexander
(2001).

VECM Models for Nexus

After the Johansen co-integration test, the next is
to fit the suitable time series model. If co-integration
has been established between the variables, this
implies along-runrelationship between the variables
under the integration equation. Hence, the VECM
is applied to determine the short-run relationships
of co-integrated variables. On the other hand,
if there exists no co-integration, then the VECM
is transformed to Vector autoregressive (VAR)
model, followed by impulse analysis, variance
decomposition, and the Granger causality tests
to determine casual links and response. The study
used VECM to account for the endogeneity that
could exist. This is because it avoids simultaneous
equation bias in the case of endogeneity among
explanatory variables. Applying a VECM
specification to equation (2) since the variables
or series were stationary at the first difference
and co-integrated, the models can be specified as:

p p
DanPt:ot0+ Z BlDanPt_i + Z BZ DlnGAt_i +
i-1 i-1

p p
+ z B3DlnCBt_i + Z B4D1HNABARDt_i +
i-1 i-1

p p
+ Z BlenIt_i + Z B6DlnALt_i +
i-1 i-1

+ 1_[ ECT, (8)

D is the difference level of the variable; In is
the natural log form of the respective variable
and o, is the intercept coefficients. Parameters £,
B, B, B, Bsand B, are coefficients of the equation.
The coefficient of error correction term (ECT)
in the equationsrepresents [[ECT,, shows the speed
of adjustment towards the long-run equilibrium.
The coefficient of adjustment should be negative
and statistically significant for convergence.
The study further uses the Granger causality testing
at the end to understand the feedback and direction
of effect between the variables.

where




Diagnostic tests

The diagnostic tests applied in the restricted
equations of the government expenditure
and demographic variables are: the Breusch-
Godfrey Serial Correlation or LM Test done
for serial correlation of the model, ARCH Test
(autoregressive  conditional heteroskedasticity)
has been carried for Heteroskedasticity. Similarly,
the model's parameter stability test has been
performed by the CUSUM statistics. The Normality
test has been done through the Jarque-Bera test. All
the diagnostic tests are estimated through the null
hypothesis, which is tested through the test statistic
value of each test at the probability value at a 5%
level of significance.

Result and discussion

Unit Root test

The results of the ADF test are shown
in the Table 1. The results show that trend

at a 5% level of significance.

The table shows that the variables are non-
stationary at level, but after the first difference,
the variables are stationary. This explains that
the order of integration for the given variables is

1(1).

Table 2, reveals that there is cointegration among
the variables. This is because the trace statistic
of 119.5858 and 79.5859 is greater than the
critical values of 95.75366 and 69.818 at a 5%
level of significance, respectively. The study,
therefore, rejects the null hypothesis of at most one
hypothesized number of co-integrating vectors. This
means that there is two cointegrating equation(s) at
the 5 percent level. This implies that there is a long-
run relationship among the variables incorporated
in the model.Co-Integration Test

The Johansen and Juselius (1995) co-integration
approach was applied to determine the number
of cointegrating vectors. It offers two tests,
the Trace test, and the Max-Eigen value test,

nd constant are significant for OP, GA, and CB
while only constant is significant for I and AL

to identify the

number

co-integrating

Variables at Natural Lag At level First Difference 1% Order of Integration
Agriculture Output (OP) -0.872 -4.288 -4.227 1(1)
Prob. 0.949 0.0086*

Expenditure on Agriculture (GA) -1.762 -7.395 -4.227 1(1)
Prob. 0.703 0.0000*

Commercial bank Loans (CB) -2.487 -6.994 -4.227 I(1)
Prob. 0.332 0.0000%*

Loans from NABARD -1.033 -5.556 -4.227 I(1)
Prob. 0.927 0.0003*

Interest Rate (I) -2.493 -6.840 -3.621 1(1)
Prob. 0.125 0.0000%*

Agriculture labor force (Al) -1.119 -6.365 -3.621 1(1)
Prob. 0.698 0.0000%*

Note: * is the significant at 1 % level of significance; Prob. ss the probability

Source: Authors calculation

Table 1: Estimated results of ADF stationary test.

Null hypothesis I-ll\l)gf(:)tfh gs]f:z(:;l Eigenvalue Trace Statistic 0.05Vgll;lizical Prob.*
r=0 None * 0.660 119.58 95.75 0.0004
r<l1 At most 1 * 0.644 79.58 69.81 0.0068
r<2 At most 2 0.437 41.35 47.85 0.1777
r<3 At most 3 0.344 20.03 29.79 0.4204
r<4 At most 4 0.111 4.412 15.49 0.8675
r<$5 At most 5 0.001 0.045 3.841 0.8308

Note: * is the significant at 1 % level of significance;
Source: Authors calculation

Table 2: Result of Unrestricted Cointegration Rank Test (Trace).




relationships. The results are shown in the Table 2
and the Table 3.

Also, the Eigenvalue test rejects the null hypothesis
if the Maximum-Eigen value test statistics 3exceeds
the respective critical values. The Table 3 reveals
that there is cointegration among the variables.
The Eigenvalue statistics of 59.99 and 38.23 are
greater than the critical values of 40.07 and 33.87
at a 5% level of significance, respectively.
The study rejects the null hypothesis of at most one
hypothesized number of co-integrating vectors. This
means that there is two cointegrating equation(s)
at the 5 percent level. Hence, the Maximum-Eigen
value statistic indicates two (2) co-integrating
equations at a 5 percent significance level.

As evidenced from the Trace and Max-Eigen test
statistics, there is a long-run relationship between
government agricultural spending and agricultural
output in India.

Agricultural Spending and Agricultural Output
Nexus

Given that the series are non-stationary
and the need to account for the effect of lagged
values of variables on the current values on others
within a VAR framework, the study estimated
the VEC Granger Causality/Block Exogeneity
Wald test. The results of the granger causality test
are presented in Table 4.

The Table 4 shows the results of the VECM

Null hypothesis };};]?(:fh gs];:z(es:;l Eigenvalue Msi’;_tlizsi;’;:n O'OSVSSSCM Prob.*
r=0 None * 0.660 59.99 40.07 0.0110
r<1 At most 1 * 0.644 38.23 33.87 0.0142
r<2 At most 2 0.437 21.31 27.58 0.2576
r<3 At most 3 0.344 15.62 21.13 0.2475
r<4 At most 4 0.111 4.367 14.26 0.8187
r<§ At most 5 0.001 0.045 3.841 0.8308

Note: * is the significant at 1 % level of significance;
Source: Authors calculation

Table 3: Result of Unrestricted Cointegration Rank Test (Maximum-Eigen value).
Sample: 1980-2019; Lags: 2
Null Hypothesis: Obs F-Statistic Probability Decision
OP does not Granger Cause GA 37 2.55 0.024** Rejected
GA does not Granger Cause OP 3.23 0.043** Rejected
OP does not Granger Cause CB 37 5.135 0.008 * Rejected
CB does not Granger Cause OP 0.742 0.539 Accepted
OP does not Granger Cause NABARD 37 3.361 0.039** Rejected
NABARD does not Granger Cause OP 0.539 0.610 Accepted
OP does not Granger Cause IN 37 0.351 0.983 Accepted
IN does not Granger Cause OP 0.187 0.361 Accepted
AL does not Granger Cause OP 37 1.054 0.130 Accepted
OP does not Granger Cause AL 4.863 0.035%* Rejected
GA does not Granger Cause CB 37 2.56 0.08 6 Accepted
CB does not Granger Cause GA 0.35 0.789 Accepted
GA does not Granger Cause NABARD 37 0.288 0.255 Accepted
NABARD does not Granger Cause GA 0.790 0.517 Accepted
CB does not Granger Cause NABARD 37 1.168 0.492 Accepted
NABARD does not Granger Cause CB 4.79 0.031%* Rejected
AL does not Granger Cause NABARD 37 2.32 0.694 Accepted
NABARD does not Granger Cause AL 0.032 0.533 Accepted
AL does not Granger Cause CB 37 0.517 0.180 Accepted
CB does not Granger Cause AL 0.0204 0.178 Accepted

Sources: Authors calculation

Note * denotes rejection at 1% &** denoted as rejected at 5% levels respectively
Table 4: Results of VEC Granger Causality/Block Exogeneity Wald test.




Granger Causality/Block Exogeneity Wald test.
The table depicts the bidirectional relationship
or Granger causality between government
agricultural spending and agricultural output
ata 5% level of significance. Thus, the causality runs
from government agricultural spending
to agricultural output and agricultural output
to government agricultural spending in India.
The implication is that lagged values and current
agricultural output can influence the current level
of government agricultural spending in India.
In contrast, the lagged government agricultural
spending and current government agricultural

spending influences the current performance
of the agricultural sector. There is also
a unidirectional relationship running

from NABARD loans to commercial bank loans
to agricultural in India at a 5% significance level.
The implication is that the NABARD loans are
orchestrated through commercial banks, hence,
the causal effect. The result also shows that
government agricultural spending has Granger
caused agricultural NABARD loans at a 5% level
of significance. The implication is that the amount
of past and current spending on the agricultural
sector affects the current amount of NABARD
Loans in India. More so, there is a unidirectional
relationship running from agricultural output
to agricultural labor in India at a 5% level

that
can

of significance. This implies
from the agricultural sector
the agricultural labor force in India.

of VECM for long-run

output
affect

Estimated results
and short-run

The Table 5 shows the estimated short and long-
run results. The long-run estimated coefficient
of Government expenditure on agriculture (GA)
is positive theoretically plausible and statistically
significant at a 5% critical value. This implies that
an increase in  Government expenditure
on agriculture leads to an increase in agricultural
output in India by 0.82 percent. These results are
in line with (Evenson et al. al., 1991; Zdarhal,
2021). This might be because government
expenditure on agriculture creates infrastructure
for technology, research, agricultural marketing,
transport, insurance, and credit, which indirectly
increase productivity and production of agricultural
output. Similarly, the estimated coefficients
of Commercial banks (CB) to the agricultural sector
and NABARD loans to agriculture are positive
and theoretically plausible. They are statistically
significant at a 5% critical value. This implies that
an increase in expansion of Commercial banks
loans to the agricultural sector and NABARD
loans lead to an increase in agriculture output
by 0.42 percent and 0.81 percent, respectively.

Long Run estimates: Equation 7

Regressor Coefficient Standard error T-statistic
LNOP(1) 1.000000

LNGA(1) 0.62 133 7.75%*
LNCB(1) 0.42 0.180 3.45%
LNNABARD(1) 0.81 0.144 8.23%*
LNI(1) -0.14 0.263 3.41*
LNAL(1) 18.20 10.21 6.66**
Dep. Var: Agricultural Output (OP) Equation 7

Ind. Variables Coefficient t-Statistic Prob.
D(LNOP(-1)) 0.440 2.016 | 0.045%*
D(LNGA(-1)) 0.123 0.587]0.112
D(LNCB(-1)) 0.195 3.946 | 0.014*
D(LNNABARD(-1)) 0.093 2.881 ] 0.029%*
D(LNI(-1)) -0.017 -0.893 1 0.652
D(LNAL(-1)) 19.60 1.525]0.825

ECM or C(1) -0.201 -1.710 0.017%*

C 0.105537 2.352692 0.041%*
R-squared 0.632 Adj. R-Sq. 0.574
Log-likelihood 44.91 D.W 2.210

Note * denotes rejection at 1% &** denoted as rejected at 5% levels respectively

Sources: Authors calculation

Table 5: Estimated results of VECM for short and long run.




The plausible explanation for these results is that
the availability and accessibility of credit encourage
the farmers to produce those crops in particular,
which are either high market market-oriented
or have had high yield. These results are in line
with (Pardey et al., 1992; Amarnath and Prasad,
2009; Egwa, 2016)).

On the other hand, the estimated coefficient
of interest rate (I) is negative. The coefficient is
also statistically significant at a 5% critical value.
This implies that an increase in interest rate (I)
by banks leads to a decrease in agriculture output
in India in the long run by 0.14 percent. Thus,
there is a significant negative relationship between
the interest rate (I) and agriculture output in the
long run. This might be because an increase in
interest rate increases the cost of money/loans
and thus restrict farmers to get more credit from
banks. Thus decrease in credit decreases agriculture
output. These results are in line with Bharti (2008)
and De and Dakhar (2018). Furthermore,
the agricultural labor force (AL)'s estimated
coefficient is in line with the a priori expectation
and statistically significant at 0.5 %. This indicates
that an increase in the agricultural labor force leads
to an increase in agriculture output by 18.2 percent
in the long run. In this way, there is a significant
positive relationship between India's agricultural
labor force and agricultural output. These results
are in line with Bannerjee (2005) and Tirthaker
(2002).

The short-run estimates and the speed of adjustment
are used to eliminate the discrepancy that occurs
in the short-run towards long-run equilibrium
are also summarized in Table 5. The estimated
coefficient of the agricultural output of the previous
year has a positive and significant impact
on the current year's agricultural output. This implies
that a 1 percent increase in agricultural output
in last year leads to an increase in agricultural output
of the current year by 0.44 Percent. The results are
in line with Mahadevan (2003). The government
agricultural spending of the previous year shows
a positive but statistically insignificant impact. This
implies that an increase in government agricultural
spending in the last year does not significantly lead
to an increase in agricultural output in the current
year in the short run.

Similarly, the -run estimated coefficients
of Commercial Bank loans to the agricultural sector
and NABARD loans show a positive and significant
impact on the current years of agricultural. This
implies that an increase in commercial bank loans
to the agricultural sector and loans by NABARD
in the previous year leads to an increase

in agriculture output in the current year by 0.19
and 0.09, respectively. The results are in line
with Nedumaran and Manida (2020) and Kumar
et al. (2010). However, the table further shows
that Interest rate and Agriculture labor don't affect
agriculture output in the short run. The agricultural
labor force is though positive in the short-run,
but not statistically significant at a 5% level
of significance.

On the other hand, the estimated coefficient
of interest rate is negative in the short-run but not
statistically significant, implying that an increase
in interest rate in the previous year reduces
agriculture output in the short run but is
insignificance. The error coefficient of the Error
Correction Term (ECT), which ECT denotes,
is negative (-0.201) and statistically significant
at a 5% level of significance. It reveals the evidence
of a slow pace of response to bring equilibrium
in agriculture output when there are shocks
in the short run. The negative coefficient
f the error correction model determines the speed
of  adjustment to long-run  equilibrium
by the independent variables. The negative
coefficient is an indication that any shock that takes
place in the short run by the independent variables
mentioned in the above model would be corrected
in the long run. It shows that any fluctuation
caused in previous years or the short run will
bring equilibrium in the long run by 20%. In other
words, it means that it will take at least four years
to restore any disequilibrium agriculture output.
The rule of thumb is that the larger the error
correction coefficient (in absolute terms),
the faster the variables equilibrate in the long run
when shocked (Acheampong, 2007). Therefore,
this implies that the adjustment mechanism
of agriculture output is not robust. The estimated
coefficient of multiple determinations (R2) explains
that the independent variables were found to jointly
explain 63% of the movement in the dependent

variable with the R*-adjusted (EZ) of 57%.
The overall significance of the model is explained
by the F-statistic of 10.9. Coefficients of the short-
run dynamics show that government agricultural
spending has insignificantly affected the agricultural
output of the Indian economy.

Diagnostics testing

A diagnostic check is appropriate to establish
whether the model is valid. In other words,
a diagnostic check is applied to know if the model
developed has a problem or not. Therefore, residual
tests were conducted to see whether estimates are
reliable and can yield reliable statistical inferences.




The result of Vector Error Correction VEC residual
serial correlation Lagrange multiplier (LM) tests
shows that there is no serial correlation at lag order 1.
The multivariate normality test using Cholesky
of variance was used for testing orthogonality.
The study found that residuals are multivariate
normal. The model used for the study was proven
dynamically. This means that results or estimates
produced are reliable and can stand statistical
inferences. The overall significance of the model
was good, indicating that the results or estimates
are not spurious but valid for statistical inference.

Impulse response of agricultural output
to government agricultural spending in India

The results of the impulse responses of agricultural
output to shocks are presented in the Figure 1.

Results of the impulse response of the variables

The Figure 1 shows the response of government
expenditure on agriculture, Commercial bank loans,
NABARD loans, Interest rate, and Agriculture
labor force to agriculture output. The result
of the ten-year forecast shows that a positive

Response of LNOP to LNOP

shock of one-standard deviation to government
agricultural spending in India would eventually
positively impact agricultural output throughout
the forecast. This implies that the response
of agricultural output to shocks in government
agricultural spending has exhibited a weakly
upward trending pattern. Similarly, a one-standard-
deviation shock to commercial bank loans
to the agricultural sector and NABARD fund
would positively affect agricultural output
throughout the forecast. This implies that one
standard deviation shock to commercial bank loans
to the agricultural sector and NABARD fund would
exact a positive response on agricultural output
in India permanently. Also, a positive shock of one-
standard deviation to interest rate would positively
impact agricultural output in India in the short
run and long run. On the other hand, one standard
deviation shock to the agricultural labor force would
exert a negative influence on agricultural output
in India throughout the forecast period. From above,
it can be deduced that agricultural output in India
would respond positively to one standard deviation
shock to government agricultural spending,

Response of LNOP to LNGA

Response of LNOP to LNAL
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Figure 1: Response to Cholesky One S. D. Innovations + 2 S. D.




commercial bank loans to the agricultural sector,
and NABARD loans to the agricultural sector.
Shocks to agricultural output (own shocks) are
estimated to positively impact agricultural output
in India throughout the forecast period.

Conclusion

The study attempts to have a holistic view
of the relationship between agriculture outcome/
output and agricultural spending in India.
The unique part of the study is that it highlighted
the nexus  between  agriculture  outputs
from a historical point of view as well. The empirical
part of this study is analyzed using the development
of the co-integration method followed
by the VECM model. The empirical analysis
shows a long long-run association between
agriculture spending and output, and this feedback
is bidirectional. The agricultural output positively
responds to agricultural spending in India both
in the short and long run, especially in sowing
seasons. However, the interesting finding
of the study is that the speed of adjustment
of agricultural spending on output is very slow.
Therefore, it can be concluded that Government
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spending on agriculture is weak but statistically
significant in the long run. However, in the short-
run spending on agriculture doesn't seem favorable.
It might be due to the gestation period in agriculture
where it takes more time to slip over the effect
of government spending on agriculture. Other
factors which lead to the significant change
in agricultural output both in the short and long
run are NABARD funds/schemes, Loans
from commercial banks, and the Agricultural labor
force. Given the findings, we recommend that
Government expenditure on agriculture should be
improved upon the funds allocated to the sector
and made available to real farmers through
the provision of fertilizers, improved seedlings,
and grant aiding to farmers through farmers
cooperatives. There is also the need to judiciously
utilize the resources allocated to the Agricultural
Sector as the increase in the percentage of budgetary
allocation to the sector does not automatically
increase the sector’s performance if the resources
are mismanaged. Consistently in government
policies/programs is also needed to boost
the sector's performance.

Anil Surendra Modi School of Commerce (ASMSOC), NMIMS University
V. L, Pherozeshah Mehta Rd, Vile Parle West, Mumbai, Maharashtra 400056, India

E-mail: samirul. hassan@yahoo.com
ORCID: https://orcid.org/0000-0001-7706-1352

References

(1]

(2]

Acheampong, I. K. (2007) ,,Testing McKinnon-Shaw thesis in the context of Ghana’s financial sector
liberalization episode®, International Journal of Management Research and Technology, Vol. 1,
No. 2, pp. 156-183. ISSN 02278-5612.

Alexander, C. (2001) ,,Market Models: A Guide to Financial Data Analysis*, John Wiley and Sons.
ISBN 10 0471899755.

Amarnath, T. and Prasad, A. R. (2009) ,,Agricultural Development in India Since Independence:
A Study on Progress, Performance, and Determinants®, Journal of Emerging Knowledge
on Emerging Markets, Vol. 1, No. 1. pp. 12-28. ISSN 1946651X. DOI 10.7885/1946-651X.1007.

Antholt, C. H. (1994) ,,Getting ready for the twenty-first century: technical change and institutional
modernization in agriculture®, In: World Bank Technical Papers. DOI 10.1596/0-8213-2510-8.
ISBN 978-0-8213-2510-0. DOI 10.1596/0-8213-2510-8.

Arjun, K. M. (2013) ,,Indian, Agriculture- Status, Importance and Role in Indian Economy*,
International Journal of Agriculture and Food Science Technology, Vol. 4, No. 4, pp. 343-346. ISSN
2249-3050. DOI 10.36106/ijsr.

Auraujo Bonjean, C., Chambas, G. and Foirry, J. P. (1997) ,,Consequences de 1‘ajustement
des finances publiques sur 1‘agriculture marocaine et tunisienne. Tunis (Tunisia)“, FAO, SNEA,
[Online]. Avaliable: https://agris.fao.org/agris-search/search.do?recordID=XF2016066113
[Accessed: Sept. 22, 2022]. (In French).




(7]

[15]
[16]

[17]

[18]

[19]

[20]

[22]

(23]

Beckman, J., Gopinath, M. and Tsigas, M. (2018) ,,The Impacts of Tax Reform on Agricultural
Households®, American Journal of Agricultural Economics,Vol. 100, pp. 1391-1406.
ISSN 0002-9092. DOI 10.1093/ajae/aay038.

Balakrishnan, P. and Parameswaran, M. (2007) ,Understanding Economic Growth in India:
A Prerequisite, Economic and Political Weakly, Vol. 42, pp. 2915-2922. ISSN 0012-9976.

Baldos, U. L. C., Viens, F. G., Hertel, T. W. and Fuglie, K. O. (2019) ,,R&D Spending, Knowledge
Capital, and Agricultural Productivity Growth: A Bayesian Approach®“, American Journal
of Agricultural Economics. Vol. 101, pp. 291-310. ISSN 0002-9092. DOI 10.1093/ajae/aay039.

Bannerjee, A. and Iyer, L. (2005) ,,History, Institutions, and Economic Performance: The Legacy
of Colonial Land Tenure Systems in India“, American Economic Review, Vol. 95, No. 4,
pp- 1190-1213. ISSN 0002-8282. DOI 10.1257/0002828054825574.

Bastiaans, L., Paolini, R. and Baumann, D. T. (2008) ,,Focus on Ecological Weed Management:
What Is Hindering Adoption?, Weed Research, Vol. 48, pp. 481-491. ISSN 1365-3180.
DOI 10.1111/j.1365-3180.2008.00662.x.

Bayly, C. A. (1985) ,,State and Economy in India over Seven Hundred Years®, The Economic History
Review, Vol. 38, No. 4, pp. 583-596. ISSN 0013-0117. DOI 10.2307/2597191.

Beal, D.W. (1978) ,,Agricultural education and training in developing countries®, In FAO Studies
in Agricultural Economics and Statistics, 1952-1977. Rome, FAO, pp. 282-291. [Online]. Available:
https://www.fao.org/3/x9447e/x9447e05.htm [Accessed: Sept. 10, 2022].

Bharti, N. (2018) ,,Evolution of agriculture finance in India: a historical perspective®, Agricultural
Finance Review, Vol. 78, No. 3, pp. 376/392. ISSN 0002-1466. DOI 10.1108/AFR-05-2017-0035 .

Burton (1998) ,,4 History of India*, Blackwell Publishing, ISBN 0-631-20546-2.

Chavas, J. P. and Aliber, M. (1993) ,,An Analysis of Economic Efficiency in Agriculture:
A Nonparametric Approach®, Journal of Agricultural and Resource Economics, Vol. 18, No. 1,
pp- 1-16. ISSN 10685502.

Chikowo, R., Faloya, V., Petit, S. and Munier-Jolain, N. M. (2009) ,,Integrated Weed Management
Systems Allow Reduced Reliance on Herbicides and Long-Term Weed Control®, Agriculture,
Ecosystems & Environment,Vol. 132, pp.237-242. ISSN01678809. DOI 10.1016/j.agee.2009.04.009.

De, K. U. and Dkhar, D. S. (2018) ,,Public expenditure and agricultural production in Meghalaya
India: An application of bound testing approach to co-integration and error correction model®,
International Journal of Environmental Sciences and Natural Resource, Vol. 8, No. 2, pp. 1-8.
ISSN 2572-1119. DOI 10.2139/ssrn.3637238.

Dimitrova, D. (2005) ,,The Relationship between Exchange Rates and Stock Prices: Studied
in a Multivariate Model®, Issues in Political Economy, Vol. 14, pp.1-25. ISSN 0022-3808.

Economic Survey (2021) ,,Economic Survey®, Vol. 1-2, Ministry of Finance, Government of India.
[Online]. Available: indiabudget.gov.in/economicsurvey/ebook es2021/index.html [Accessed:
Sept. 10, 2022].

Egwu, N. P. (2016) ,Impact of agricultural financing on agricultural output, economic growth
and poverty alleviation in India“, Journal of Biology, Agriculture and Health Care, Vol. 6, No. 2,
pp. 36-42. ISSN 2225-093X.

Engle, F. R., and Granger, J. W. C., (1987) ,,Co-Integration and Error Correction: Representation,
Estimation, and Testing™, Econometrica, Vol. 55, No. 2, pp. 251-276. ISSN 0304-4076.
DOI 10.2307/1913236.

Evenson, R. E. and McKinsey Jr., J. W. (1991) ,,Research, extension, infrastructure and productivity
change in Indian agriculture®, In: Evenson, R. E. and Pray, C. E., eds. ,,Research and productivity
in Asian agriculture”, Ithaca, USA, Cornell University Press. ISBN 9781501734328.
DOI 10.7591/9781501734328.




[35]

[36]

[38]

[39]

European Commission (2020) ,,EU Agricultural Outlook™, Luxembourg: Publications Office
of the European Union. [Online]. Available: https://ec.curopa.cu/info/food-farming-fisheries/
farming/facts-and-figures/markets/outlook/medium-term_en [Accessed: Sept. 22, 2022].

European Commission (2020) ,,4 Farm to Fork Strategy for a fair, healthy and environmentally
friendly food system*, Communication from the Commission to the European Parliament,
the Council, the European Economic and Social Committee and the Committee of the Regions,
COM(2020) 381 final, European Commission, Brussels, Belgium. [Online]. Available:
https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy cs [Accessed: Sept. 22, 2022].

Ferreira, D. and Khatami, K. (1996) ,,Financing private infrastructure in developing countries*, World
Bank Discussion Paper, Washington DC, World Bank. [Online]. Available: https://openknowledge.
worldbank.org/handle/10986/15124 [Accessed:Sept. 20, 2022].

Fuglie, K. (2018) ,R&D Capital, R&D Spillovers, and Productivity Growth in World
Agriculture”, Applied Economic Perspectives and Policy, Vol. 40, pp. 421-444. ISSN 1058-7195.
DOI 10.1093/aepp/ppx045.

Garnett, T., Appleby, M. C., Balmford, A., Bateman, 1. J., Benton, T. G., Bloomer, P., Burlingame,
B., Dawkins, M., Dolan, L., Fraser, D., Herrero, M., Hoffmann, I., Smith, P., Thornton, P. K.,
Toulmin, C., Vermeulenand, S. J. and Godfray, H. C. J. (2013) ,Sustainable Intensification
in Agriculture: Premises and Policies, Science, Vol. 341, No. 6141, pp. 33-34. ISSN 0036 8075.
DOI 10.1126/science.1234485.

Ghose, A K. (1982) ,,Food Supply and Starvation: A Study of Famines with Reference to the Indian
Subcontinent”, Oxford Economic Papers, Vol. 34, No. 2, pp. 368-389. ISSN 0030-7653.
DOI 10.1093/oxfordjournals.oep.a041557.

Government of India (2008) ,,National Account statistics*, Central Statistical Organization, Ministry
of statistics and Programme Implementation, New Delhi.

Government of India (2019) ,,National Account statistics“. Central Statistical Organization, Ministry
of statistics and Programme Implementation, New Delhi.

Granger, C. W. J. (198) ,,Some Recent Developments in a Concept of Causality”, Journal
of Econometrics, Vol. 39, pp. 199-211. ISSN 0304-4076. DOI 10.1016/0304-4076(88)90045-0 .

Habib, I. (2006) ,.Indian Economy 1858-1914“, New Delhi: Tulika Books. pp. xii+149.
ISBN 81-89487-12-6x.

Jayne, T. S., Khatri, Y., Thirtle, C. and Reardon, T. (1994) ,,Determinants of productivity change
using a profit function: smallholder agriculture in Zimbabwe*, American Journal of Agricultural
Economics, Vol. 76, pp. 613-618. ISSN 0002-9092. DOI 10.2307/1243675.

Johansen, S. (1988) ,,Statistical analysis of cointegration vectors*, Journal of Economic Dynamics
and Control, Vol. 12, No. 2-3, pp. 231-254. ISSN 0165-1889. DOI 10.1016/0165-1889(88)90041-3.

Johansen, S. and Juselius, K. (1995) ,,Maximum likelihood estimation and inference on cointegration
- with applications to the demand for money*, Oxford Bulletin of Economics and Statistics, Vol. 52,
No. 2, pp. 169-210. ISSN 1468-0084. DOI 10.1111/j.1468-0084.1990.mp52002003.x.

Junkova, S. and Matuskova, E. (2011) ,,The influence of crisis on the sector structure of economy
focusing on agriculture®, Agris on-line Papers in Economics and Informatics, Vol. 111, No. 2,
pp. 15-26. ISSN 1804-1930.

Kumar, A, Krishna M. Singh and Shradhajali S. (2010) ,,Institutional credit to agriculture sector
in India: Status, performance and determinants®, Agricultural Economics Research Review, Vol. 23,
No. 2, pp. 253-264. ISSN 0974-0279.

Kumar, D, Raychaudhuri, T., Habib, I. and Desai, M. (eds.) (2005) ,,The Cambridge Economic
History of India, Vol. 2, c. 1757- ¢.2003“, Cambridge University Press. 2™ ed, 1078 p.
ISBN 978-0-521-22802-2.




[40]

[41]

[42]

[43]

[44]

[45]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Lachaal, L. (1994) ,Subsidies, endogenous technical efficiency and the measurement
of production growth, Journal of Agriculture and Applied Economics, Vol. 26, No. 1, pp. 299-310.
ISSN 1074-0708. DOI 10.1017/S1074070800019386.

Lin, J. Y. (1992) ,,Rural reforms and agricultural growth in China®, American Economic Review,
Vol. 82, pp. 34-51. ISSN 0002-8282.

Mahadevan, R. (2003) ,,Productivity growth in Indian agriculture: the role of globalization
and economic reform*, Asia-Pacific Development Journal, Vol. 10, No. 1, pp. 57-72.
ISSN 1020-1246.

Maggi, F., Tang, F. H. M., la Cecilia, D. and A. McBratney, A. (2019) “PEST-CHEMGRIDS, Global
Gridded Maps of the Top 20 Crop-Specific Pesticide Application Rates from 2015 to 2025%, Scientific
Data, Vol. 6, pp. 170. ISSN 2052-4463. DOI 10.1038/s41597-019-0169-4.

McMillan, J., Whalley, J. and Zhu, L. (1989),,The impact of China‘s economic reforms on agricultural
productivity growth®, Journal of Political Economy, Vol. 97, No. 3, pp. 781-807. ISSN 0022-3808.
DOI 10.1086/261628 .

Mozumdar, L. (2012) ,,Agricultural productivity and food security in the developing world®,
Bangladesh Journal of Agricultural Economics, Vol. 35, No. 1-2, pp. 53-69. ISSN 0257-3539.
DOI 10.22004/ag.econ.196764 .

Mukherjee, A., Goyal, T. M., Miglani, S. and Kapoor, A. (2019) ,SPS Barriers
to India s Agriculture Export Learning from the EU Experiences in SPS and Food Safety Standards®,
Indian Council for Research on International Economic Relations. [Online]. Available: https://think-
asia.org/handle/11540/9809. [Accessed: Sept. 20, 2022].

Nedumaran, G. and Manida M. (2020) ,,E-Agriculture and Rural Development in India“, JAC:
A Journal of Composition Theory, Vol. XIII, No. 1, pp. 115-121. E-ISSN 0731-6755.
DOI 10.2139/ssrn.3551994.

Pardey, P. G., Roseboom, J. and Craig, B. J. (1992) ,,A yardstick for international comparisons:
an application to national agricultural research expenditures*, Economic Development and Cultural
Change, Vol. 40, pp. 333-349. ISSN 0013-0079.

Pradhan, R. P. (2007) ,Indian Agriculture in the Globalization Era: The Performance
and Determinants®, Journal of Global Economy, Vol. 3, No. 1, pp. 3-12. ISSN 1553-5304.
DOI 10.2139/ssrn.1333025.

Pray, C. E. and Evenson, R. E. (1991) ,,Research effectiveness and the support base for national
and international agricultural research and extension programs®, In: R.E. Evenson, R. E. and Pray, C.
E. (eds.) ,,Research and productivity in Asian agriculture*. Ithaca, USA, Cornell University Press.
DOI 10.7591/9781501734328-016 .

Ramakumar, R. (2020) ,,Agriculture and the Covid-19 Pandemic: An Analysis with Special
Reference to India“, Review of Agrarian Studies, Vol. 10, No. 1, pp. 1-39. ISSN 2248-9002.
DOI 10.22004/ag.econ.308095.

Reserve Bank of India (2020) ,,Handbook of statistics on the Indian Economy 2020-21%. [Online].
Available: https://www.rbi.org.in/scripts/AnnualPublications.aspx?head=Handbook%2001%20
Statistics%200n%?20Indian%20Economy. [Accessed: Sept. 22, 2022].

Rosegrant, M. W. and Evenson, R. E. (1992) , Agricultural productivity and sources of growth
in South Asia“, American Journal of Agricultural Economics, Vol. 74, No. 3, pp. 757-761.
ISSN 0002-9092. DOI 10.2307/1242590.

Rossi, V., Caffi, T. and Salinari, F. (2012) ,,Helping Farmers Face the Increasing Complexity
of Decision-Making for Crop Protection®, Phytopathologia Mediterranea, Vol. 51, pp. 457-479.
ISSN 1593-2095. DOI 10.14601/Phytopathol Mediterr-11038.

Roy, T. (2002) ,,Economic History and Modern India: Redefining the Link*, The Journal of Economic
Perspectives, Vol. 16, No. 3, pp. 109-130. ISSN 1944-7965. DOI 10.1257/089533002760278749.




[59]

[60]

[61]

[62]

[63]

Saradhi,. B. P., Gowri, K, Narayan, R., Chakravathy, T. and Prasad, Ch. (2020) ,,Significant Trends
in the Digital Transformation of Agriculture in India®, International Journal of Grid and Distributed
Computing, Vol. 13, No. 1, pp. 2703-2709. ISSN 2005-4262.

Schebesta, H. and Candel, J. J. L. (2020) ,,Game-changing potential of the EU’s Farm to Fork
Strategy*, Nature Food, Vol. 1, pp. 586-588. ISSN 2662-1355. DOI 10.1038/s43016-020-00166-9 .

Skevas, 1. and Lansink, A. O. (2020) ,,Dynamic Inefficiency and Spatial Spillovers in Dutch
Dairy Farming®, Journal of Agricultural Economics, Vol. 71, pp. 742-759. ISSN 1477-9552.
DOI 10.1111/1477-9552.12369.

Subramaniam, A. (2008) ,,India’s Turn: Understanding the Economic Transformation”, New Delhi:
Oxford University Press. 237 p. ISBN 9780195693546 .

Travers, T. R. (2004) ,,The Real Value of the Lands‘: The Nawabs, the British and the Land Tax
in FEighteenth-Century Bengal®, Modern Asian Studies, Vol. 38, No. 3, pp. 517-558.
ISSN 1469-8099. DOI 10.1017/S0026749X03001148.

Tyrychtr, J. and Vasilenko, A. (2015) ,, Transformation Econometric Model to Multidimensional
Databases to Support the Analytical Systems in Agriculture, Agris on-line Papers in Economics
and Informatics, Vol. VII, No. 3, pp. 71-77. ISSN 1804-1930. DOI 10.22004/ag.econ.231867.

Wiens, T. B. (1983) ,,Price adjustment, the responsibility system and agricultural productivity*,
American Economic Review, Vol. 73 No. 1, pp. 319-324. ISSN 0002-8282.

Zdrahal, 1., Hrabalek, M., Kadlec, P. and Krpec, O. (2021) ,,Price adjustment, the responsibility
system and agricultural productivity*, Agris on-line Papers in Economics and Informatics, Vol. 13,
No. 2, pp. 121-139. ISSN 1804-1930. DOI 10.7160/201.2021.130210.




