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Abstract This study compares the economic impacts of conservation agriculture and conventional farming
systems in the Lower Gangetic alluvial tract of West Bengal, India. Under conservation agriculture the
overall gain in system productivity is 2.40%. The estimated change is attributable to the relative change
in input use. Technology had a minor effect on the change in crop productivity, and the reduced use of
machine labour, bullock labour, and plant protection chemicals had a significant positive impact. Farms
that practised conservation agriculture averaged a 12.88% higher return per rupee of investment than

conventional farm families.
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Attaining food security for a growing population and
alleviating poverty while sustaining agricultural
systems is an urgent imperative worldwide. In the
recent past, most Asian countries have been challenged
by the depletion of natural resources, negative impacts
of climatic variability, spiraling cost of inputs, and
volatile food prices.

The principal indicators of the non-sustainability of
agricultural systems are soil erosion, depletion of soil
organic matter, and the soil salinization processes. The
specific reasons are the decline in soil organic matter
induced by intensive tillage, soil structural degradation,
water and wind erosion, reduced water infiltration rates,
surface sealing and crusting, soil compaction,
insufficient return of organic material, and
monocropping.

Traditional agriculture is based on intensive tillage, and
it is highly mechanized. Traditional agriculture is held
responsible for soil erosion problems, surface and
underground water pollution, and increased
consumption of water (Wolff and Stein 1998).
Conventional tillage methods may not be economically

or environmentally sustainable in the long run. A
paradigm shift is essential for future productivity gains
in farming practices. The unsustainable parts of
conventional agriculture (ploughing/tilling the soil,
monoculture) must be eliminated while sustaining the
natural resources (Bhan et al. 2014).

The concept of conservation agriculture evolved as a
response to the global concerns of the sustainability of
agriculture. Conservation agriculture is a resource-
saving agricultural production system that aims to
intensify production and raise yields, while enhancing
the natural resource base, by complying with three
interrelated principles and good plant nutrition and pest
management practices (Abrol and Sangar 2006). Many
researchers argue that conservation agriculture can
improve crop productivity, food security, the net
income of farmers, and environmental protection
(Patzek 2008; Govaerts 2009; Verhulst et al. 2010);
the practice has steadily grown worldwide to cover
about 8% of the world’s arable land (124.8 million
hectares) (FAO 2012).

In the late 1960s the green revolution introduced in
South Asia modern, short-duration, dwarf varieties of
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wheat and rice, and modern chemical fertilizers and
irrigation. Dependent on strong policy support,
including prices, the green revolution was an ongoing
effort, and its practices continued to evolve even
decades since its introduction (Hobbs et al. 2017).
Rice—wheat emerged as the major cropping system in
the Indo-Gangetic Plains of South Asia (Timsina and
Connor 2001; Gupta et al. 2003; Gupta and Seth 2007).
In the rice-wheat cropping system, rice is grown in
the warm and wet summer season and wheat in the
cooler winter months, and minor crops (maize,
legumes, pulses, vegetables and others) are grown in
winter or on higher land in summer.

The production of cereals increased significantly, and
provided the calories needed for a growing population,
but many studies report that intensive irrigated
degraded the natural resource base, and rice yields
either declined or stagnated after the 1980s (Flinn and
De Datta 1984; Cassman and Pingali 1995; Nambiar
1988; Pingali et al. 1997; Greenlands 1997; Yadav et
al. 2000; Dawe et al. 2000; Kumar and Yadav 2001).
However, most of these studies were based on
experimental data, designed with a specific objective,
and conducted under controlled environments (fixed
nutrient doses, variety, other management practices,
etc.) in the research farms and adaptive research trials.
These studies provide the impression that the
productivity impact of technological progress has been
vanishing in the irrigated systems. Chatterjee et al.
(2015) estimate the total factor productivity growth of
rice in the eastern states of India over four decades
(1971-72t02010-11) at 3.03%, and conclude that the
effect of the green revolution was most prominent
between the 1980s and the 1990s, but it declined after
the 1990s, because factor and resource overuse reduced
soil fertility and total factor productivity stagnated.

At this juncture, the concept of organic agriculture was
introduced for the long-run sustainability of rice—wheat
cropping systems. After 2010, the concept of
conservation agriculture was introduced in the Indo-
Gangetic plains of India (Hobbs et al. 2017). To date,
agricultural production systems based on conservation
agriculture have been adopted mainly on large
commercial farms. Sustained practice by smallholder
farmers is an exception, though examples may be found
in Brazil, Ghana, Zambia, Zimbabwe, and the Indo-
Gangetic Plains of India (Ekboiret al. 2002; Haggblade
and Tembo 2003; Bolligeret al. 2006; Wall 2007;

Erenstein and Laxmi 2008; Erenstein 2009; Erenstein
etal. 2012; Thierfelder and Wall 2012; Wall et al. 2013).

The potential impact has been examined by numerous
research projects applying methods like cost-benefit
analysis, case studies, econometrics, meta-analysis, and
linear programming. This study conducts an economic
impact assessment of conservation agriculture
innovations on the farm income, system productivity,
and various input use practices of small and marginal
farm households in the Lower Gangetic Plains of West
Bengal, India. The study compares their impact with
that of traditional farming practices and evaluates the
technological gap—by fitting an econometric model
consisting of multiple regression analysis using the
ordinary least squares (OLS) method of estimation. The
study also compares the regression coefficients using
the decomposition method formulated by Bisaliah
(1977).

Materials and methods

Conceptual framework
This study sets out to test two major hypotheses.

The null hypothesis, H,, is that there is no significant
change in the system productivity of conservation
agriculture as compared to conventional farming in the
Lower Gangetic Plains of West Bengal.

The corresponding alternative hypothesis, H,, is that
there is significant change in system productivity of
conservation agriculture as compared to conventional
farming in the Lower Gangetic Plains of West Bengal.

Sampling strategy, stratification, and description of
data

The study was conducted in 2019-20. It focuses on
three blocks—Haringhata, Chakdaha, and
Krishnanagar-I— of Nadia district, West Bengal. The
district lies in the alluvial Lower Gangetic Plains. The
crop + livestock farming system is followed, and the
cropping pattern is diversified. Paddy is the major
staple food crop cultivated in rain-fed as well as in
irrigated conditions; the other crops grown are mustard,
jute, pulses, and vegetables. About 85-90% of the farms
in the region are marginal farms, and the landholding
size averages 0.83 ha. Farmers have little ability to bear
risk and interest in experimentation. Farm households
practise conservation agriculture under reduced tillage
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condition and incorporate their crop residue in the field.
Mulching with straw and polythene to keep the soil
moisture intact is another usual practice in this region.

We evaluate the socio-economic parameters of the 40
sample farm households—20 each from conservation
and conventional farming situations (Table 1). We
compile the data on the production and productivity
of the crops cultivated, along with their prices and
returns, and the input costs and quantities. In the
cropping season the sample farm households grow
winter rice, summer rice, mustard, jute, lentil, and

dolichos bean (Table 2). We compute the system rice
equivalent productivity and system input use for each
household.

Empirical strategy

To sort out the contribution of technology and resource
use differences from the total productivity difference
between the two farming practices, we specified the
methods of the log linear production function (Cobb-
Douglas production function) for both technologies:

Y = aX PIX, X XXX 6 XobT X Pui (D

Table 1 Summary statistics of socio-economic status for sample farm households

Parameters Units Conservation Conventional Total farm households under
agriculture agriculture conservation and conventional
households households farming situations

Mean SD Mean SD Mean SD

Farmer’s age Years 50 10.91 52 8.76 51 9.83

Sex/Gender Code 1 0.22 1 0.00 1 0.16

Education Code 3 0.80 3 0.68 3 0.74

Religion Code 1 0.50 1 0.00 1 0.41

Caste Code 2 1.02 2 1.04 2 1.04

Cultivated own land Hectare 1.16 0.87 0.72 0.27 0.94 0.68

Leased-in land Hectare 0.02 0.06 0.16 0.31 0.09 0.23

Leased-out land Hectare 0.02 0.07 0.03 0.08 0.02 0.07

Total operational Hectare 1.16 0.89 0.86 0.43 1.01 0.71

holding

Non-farm income INR/annum 46,600 79,018 42,000 79,647 44,300 78,344

Total valuation of INR/annum  66,58,085 45,67,857 48.35,690 16,44,945  57,46,888 35,12,115

current assets

(including land, pond,

dwelling house, and

farm machinery)

Gross return INR/annum 3,069,577 1,87,190 2,43,320 1,57,513 3,12,551 1,83,364

from crops

Gross return from INR/annum 26,926 25,038 22,480 20,660 24,703 22,157

animals

Total consumption INR/annum 2,42,531 1,99,685 2,30,403 2,16,186 2,36,467 2,05,505

expenditure

SD, Standard deviation

Note: Code for Sex/Gender: Male-1 Female-2 Education: Illiterate-1 Up to primary-2 High school-3 Graduate and above-4 Religion:
Hindu-1 Muslim-2 Caste: Scheduled Caste-1 Scheduled Tribe-2 Other Backward Classes-3 General-4 Others-5

Table 2 Various crops identified among sample farm households

Items

Crops identified under conservation and conventional
farming

Winter rice, summer rice, mustard, jute, lentil, Dolichos
bean
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where,

Y is the system rice equivalent yield (kg ha'');
X, is the total quantity of seed used (kg ha™);

X, is the total quantity of NPK used (kg ha);

X, is the total quantity of organic manure used (kg ha-
s
X, is the total hour of irrigation given (hour ha™');

X is the total quantity of plant protection chemicals
used (g/ml ha'');

X, 1s the total hour of machine labour used (hour ha™');

X, is the total hour of bullock labour used (pair hour
ha);

X, is the total person-days of human labour used
(person-days ha™');

u; is a random disturbance or error term in conformity
with the OLS assumptions;

b, is a regression coefficient of the respective
parameters; and

a is a scale parameter or intercept.

We aim to calculate the difference in productivity
between the two farming situations. Therefore, we
specify the production function on a per-hectare basis
and convert the productivity of various crops cultivated
by farm households under the two situations into the
respective rice equivalent yield (REY).

SREY = Rice yield +[Crop(1) yield x 222 eor()]

priceof Rice

+[Crop(2) yield x 2ZZLex @y

priceof Rice
+[Crop(n) yield x %]
Before proceeding with the decomposition analysis of
the system productivity differences, it is necessary to
determine whether there is a structural break in the
production relations between the two farming types.
We estimate the output elasticities by the OLS method
by fitting the log linear regression separately. We run
the pooled regression analysis in combination with
those for the two different situations, including a
dummy variable for farmers who follow conservation
agriculture. The dummy variable was set at 1 for
conservation agriculture and 0 for conventional

farming. These two types differ in their number of
tillage operations: conservation farming includes
reduced to zero tillage whereas conventional farming
includes more tillage operations. The following
equations were estimated by identifying the structural
break.

LnY,, =Lnf,+ B,LnX, + B,LnX, + B;LnX; + B,LnX,

+ BsLnXs + BeLnXqt B,LnXo+ BsLnXs + ugpg  -..(2)

LnY,.,, = Lno, + o,LnX, + o,,LnX, + o,LnX; +

o,LnX, + o,LnX; + o, LnX+ o,.LnX+ o, LnX, +u

conv

LnY ea=Ln Yy + v, LnX, +,LnX, +y;LnX; +4,LnX,
+YsLnXs +YLnXg + ;. LnX; + yLnXt+ yLnX, + 1,0

Equation 2 represents the multiple regression equations
for conservation cultivators, Equation 3 for
conventional cultivators, and Equation 4 represents the
pooled regression model, including conventional and
conservation cultivators and a dummy variable (X,).

Decomposition and analytical model

We estimate Equations 2 and 3 using the OLS
technique. The production function is per unit area
(hectare), and multicollinearity was not a problem—
as indicated by the zero-order correlation matrix.
Taking the difference between Equations 2 and 3,
performing slight algebraic manipulations, and
rearranging some terms, we arrived at this
decomposition model:

[LnY,,, — LnY,,] = [Lnf, — Lnoy] + [LnX,,, (B;-
o) + LnXon,(Br-0) + LnXe o (Bs-04) + LnX o0, (Ba-
0y) + LnXse (Bs-0ts) + LnXeon, (Bs-0ts) +L0X5000,(B5-
o) + LnXg o (Bs-0t)] + [BiLn(X, con/ X com) +
BaIn(Xoeons/ Xacon) + BsLn(Xiseond/ Xscon) + Baln(Xyeons/
Xyeony) T BsLn(Xseond/ Xscon) TB6LN(Xeons/Xscon)]
B, Ln(X 008 Xreom)] + BsLN(Xeond Xseom) 1T [UoonsUeon)

The left-hand side of the equation gives the total system
productivity difference. The natural logarithm of the
ratio of per hectare output of conservation practices to
that of conventional practices is approximately a
measure of the percentage difference in their output.

The first bracketed term on the right-hand side, the
difference between the natural logarithms of the
constant terms, is the gap attributable to the neutral
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component of the technology. It is a measure of the
neutral technology gap.

The second bracketed term is the gap attributable to
the non-neutral component of the technology by input
use for conventional cultivators. That is a measure of
the non-neutral technology gap after adjusting for the
level of input use in the two practices.

The third bracketed term refers to the gap attributable
to the difference in input use by the slope coefficient
of the productivity function fitted for conservation
cultivators. It is the gap in input use between
conservation and conventional farmers after adjusting
for the production elasticities of different input.

The last component is the random error term, which
the model could not consider (Bisaliah 1977; Feder
and O’Mara 1981).

We perform an overall regression analysis with the F-
test to measure the changes between conventional and
conservation farmers. If there are n data points to
estimate the parameters of both models, one can
calculate the F-statistic thus:

e (RSS1-RSS2)/(p2—pl)
(RS82/n—-p2)

Where, RSS, is the residual sum of squares of model .

If the regression model has been calculated with
weights, replace RSS; with y?, the weighted sum of
squared residuals. Under the null hypothesis that Model
2 does not provide a significantly better fit than Model
1, F will have an F distribution, with (p,—p,, n—
p,) degrees of freedom. The null hypothesis is rejected
if the F calculated from the data is greater than the
critical value of the F-distribution for some desired
false-rejection probability (e.g. 0.05). The F-test is
a Wald test.
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Results

At the study location, the farm families that practise
conservation agriculture incorporate crop residue or
debris (particularly paddy straw, plant of dolichos bean,
mustard, lentil and jute) in the field, but not the farm
families that practise conventional farming. They feed
their crop residue to their livestock and sell the surplus
production. The productivity of the winter rice,
dolichos bean, mustard, and lentil crop is higher in the
conventional farming system (Table 3). However,
practising conservation agriculture would restore soil
fertility in the Lower Gangetic Plains of West Bengal
in one or two years and conserve natural resources.
Sustaining the overall agricultural production scenario
will take time, and the good and positive effects of
conservation agriculture may be expected in the long
run.

Economic impact assessment of conservation
agriculture

We compare the economic impact of conservation
agriculture and conventional farming by fitting multiple
regression models. We consider the various system
input factors and REY for both farming situations to
find out the significant changes, if any. To measure the
actual change in crop productivity per hectare we
calculate the geometric mean level of various inputs
and REY under both farming systems.

Geometric mean levels of system input use and REY
under conservation and conventional farming

Compared to conservation agriculture, conventional
agriculture uses less of some inputs—6.18% less of
seeds, 19.38% less of organic manure, and 33.65% less
of irrigation—and conservation agriculture with
minimum tillage operation uses 65.52% less of machine

Table 3 Average crop productivity (kg/ha) and residual yield (kg/ha)

Farming type Winter rice Dolichos bean Mustard Lentil Summer rice Jute
Conservation 3,829 26,194 2,394 1,231 6,855 2,928
(5,513) (39,290) (115) (1,477) (9,597) (14,639)
Conventional 4,498 40,907 2,533 1,237 5,602 2,615
(7,663) (61,361) (150) (1,485) (7,811) (13,077)
Pooled 4,163 33,550 2,464 1,234 6,229 2,772
(6,588) (50,326) (132) (1,481) (8,704) (13,858)

Note: Figures in parentheses represent the respective crop residue yield (kg/ha)
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labour than conservation agriculture and 90.14% less
of bullock labour. The system REY per hectare under
conservation farming was found to be 2.4% higher than
under conventional practices (Table 4 and Figure 1).
These findings suggest that practising conservation
agriculture in the Lower Gangetic Plains of West
Bengal would lead to the long-term sustainability of
crop production.

Table 4 Geometric mean levels of SREY and input use
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Comparative economics of conservation and
conventional agriculture

The system cost of cultivation was 14.46% less per
hectare under conservation agriculture than under
conventional farming (Table 5), but the net return was
11.15% higher and the return per rupee investment
12.88% higher.

Particulars Conservation farming Conventional farming Relative change(%)
No. of observations 20 20 -
System quantity seed (kg/ha) 168 158 6.18
System quantity NPK (kg/ha) 1,306 1,520 -14.10
System quantity organic manure (q/ha) 85 71 19.38
System irrigation (hour/ha) 529 396 33.65
System quantity PPC (g/ml/ha) 13,245 16,573 -20.08
System machine labour (hour/ha) 128 370 —65.52
System bullock labour (pair-hour/ha) 8 84 -90.14
System human labour (person-days/ha) 808 839 -3.76
SREY (kg/ha) 67,844 66,256 2.40

Note: SREY: System rice equivalent yield

12.00 1 ® Conservation

® Conventional

10.00 A

4.00 1

2.00 1

%ﬁe z g%% ’ %A% 4

11.12
11.10

‘Eﬁ% e

Note: Sys_Qty_Seed: System Quantity Seed used, Sys_Qty NPK: System Quantity NPK used, Sys Qty OM: System
Quantity Oragnic Manure used, Sys HR_Irri: System Irrigation Hour used, Sys Qty PPC: System Quantity Plant
Protection Chemicals used, Sys HR_ML: System Machine Labour Hour used, Sys HR_BL: System Bullock Labour
Pair Hour used, Sys MD HL: System Human Labour used in Man-days, Sys REY/ha: System Rice Equivalent

Yield ha!

Figure 1 Logarithmic transformed value of various input use and system productivity per hectare (p < 0.05)
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Table S Comparative economics of conservation and conventional agriculture

Farming situation SREY System cost of System System net Return per rupee
(kg/ha) cultivation gross return return of investment
(INR/ha) (INR/ha) (INR/ha)
Conservation 67,844 421,940 910,437 477,032 2.16
Conventional 66,256 493,279 942,912 429,165 1.91
Relative change (%) 2.40 —-14.46 -3.44 11.15 12.88

Note: SREY: System rice equivalent yield

Comparative study on regression estimates of
conservation and conventional farming situations

The F-statistics appear to be greater than the critical
value, indicating a significant difference between
conservation and conventional farming practices (Table
6). Conducting a regression analysis of conservation
and conventional farming practices separately would
help to estimate the changes in input use and system
productivity. The pooled analysis reveals that human
labour utilization contributed significantly to overall
changes in system productivity, and significantly and
positively impacts conservation agriculture farm
households too, where the F-statistics was found to be
significantly higher. In conventional farming situations,
the effect of inputs on system productivity gain was

non-significant, but the effect of the intercept was
significant in both situations. The soil in this region is
fertile, and even when no input was applied, some
initial gain in productivity is indicated by the pooled
analysis; and it is due to the significant impact of neutral
technology on the overall change in system
productivity under the two situations (Table 6).

Decomposition analysis of total change in input use
and system productivity between conservation and
conventional cultivators

We decompose the system output change resulting from
differences in technology and input use (Table 7). The
productivity change in conservation agriculture over
conventional farming is estimated at 2.37%; the actual

Table 6 Regression estimates of various input coefficients for conservation and conventional farm households

Particulars Parameters Conservation Conventional Pooled
farm households farm households

No. of farm households N 20 20 40
Intercept a 3.89%* 9.00%* 6.31**
System quantity seed (kg/ha) X -0.24 0.04 -0.19
System quantity NPK (kg/ha) X, 0.17 -0.21 -0.02
System quantity organic manure(q/ha) X, -0.12 0.08 —-0.04
System irrigation (hour/ha) X4 —0.11 0.30 0.14
System quantity PPC (g/ml per 1/ha) X -0.07 -0.22 —-0.04
System machine labour (hour/ha) Xe -0.10 0.06 -0.29
System bullock labour (pair hour/ha) X, —-0.02 —-0.06 —-0.02
System human labour (person-days/ha) X 1.45%* 0.49 1.09**
Dummy variable for pooled analysis - - —0.33
Coecfficient of multiple determination R? 0.94 0.48 0.65
Adjusted R square R? 0.90 0.11 0.55
F value (p = 0.05) F 21.62 0.34 6.32
F critical (p = 0.05) F 2.95 2.95 2.21

Note: * ** significant at p = 0.05 and p = 0.01 respectively
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Table 7 Actual and estimated system productivity change

Particulars Difference between
conservation and
conventional practices
(%)
I) Total observed difference in system productivity (kg/ha) between conservation and 2.40
conventional practices

1) Due to technology difference 0.49

a) Neutral technological gap -511.60

b) Non-neutral technological gap 512.10

2) Gap attributable to relative change in input use level weighted by the slope coefficient of 1.87

productivity function

a) Seeds -1.43

b) NPK fertilizer -2.63

¢) Organic manure -2.17

d) Irrigation -3.19

e) Plant protection chemicals 1.68

f) Machine labour 10.29

g) Bullock labour 4.87

h) Human labour -5.53

IT) Total estimated difference in system productivity (kg/ha) between conservation and conventional 2.37

farming practices

change was found to be 2.40%. That means our model
fits well and represents the farming situation of the
entire study location. However, the estimated change
is segregated into technological differences and
subsequent relative change in input use. The overall
change is attributed to the relative change in input use
weighted by the slope coefficient of the productivity
function. The impact of technology was negligible, as
the neutral and non-neutral technological change
supersede each other and nullify the effect on output.
The use of machine labour and bullock labour had a
significant, positive impact on the overall changes
(Table 7).

Discussion

Farmers who practise conservation agriculture
incorporate crop residue in the field and they use less
of tillage operations, machine labour, bullock labour,
and human labour. Less machine trafficking improves
the organic matter, nutrient dynamics, and
microbiological and physiochemical properties of the
soil and, ultimately, enhances crop growth (Ram et al.
2013; Dass et al. 2017). The change in system
productivity observed in our study is 2.40%; the

estimated change (2.37%) almost coincided with the
observed change, proving a good fit of the regression
model (Table 7).

The various treatments under conservation agriculture
can reduce system cost and improve input use, crop
productivity, and the farm economy. This finding is
supported by prior studies (Wang et al. 2016). The
beneficial effect of crop residue retention is attributable
to better temperature modulation and crop protection
from heat stress (Choudhary et al. 2018). Residue
retention improves the soil water holding capacity by
increasing the soil organic carbon in loam or silt loam
soils, which partly explains the difference in the effect
of conservation agriculture and conventional practices
(Paul et al. 2014). Soil water content—higher under
conservation agriculture practices—may play a key
role in sustaining soil function during short-term dry
periods (Liu et al. 2014).

Conservation agriculture practices raise the water
content of the soil, lower its surface temperature, and
reduce the uptake of nutrients—especially phosphorus
and potassium—and, thereby, the requirement of
inorganic fertilizer; these practices use more of organic



manure (Das et al. 2014). These practices also less of
plant protection chemicals, because the incidence of
pests and diseases is lower. Scopel et al. (2013) observe
that crop health does not deteriorate under conservation
agriculture; our study tends to support the claim.
However, our results show that the undisturbed
incorporation of soil and crop residue raises the
incidence of pests and diseases, and it contradicts
previous studies (Kesavan and Malarvannan 2010;
Basch et al. 2015; Craheix et al. 2016; Garbach et al.
2016). Our finding holds mainly in young, not-yet-
mastered systems, in which the principles of
conservation agriculture are not completely or well
applied (Scopel et al. 2013).

The productivity of winter paddy, dolichos bean,
mustard, and lentil was less for the sample conservation
farm households than for the conventional farms. At
the initial stages of implementation, the effect of the
change in technology on the change in system
productivity is marginal (0.49%). The negative impact
of neutral technological change under constant returns
to scale was superseded by the positive impact of the
non-neutral technological change under varying returns
to scale of all inputs used. However, the overall change
in system productivity was guided by the gap
attributable to the relative change in input use weighted
by the slope coefficient of the productivity function
(1.87%), where the positive impact of machine labour,
bullock labour, and plant protection chemicals were
observed in conservation agriculture farming systems
(Table 7).

Pittelkow et al. (2015) estimate the yields under
conservation agriculture to be 2.5% lower than those
of conventional practices, and other researchers (Giller
et al. 2009; Gilbert 2012) consider that because the
yield benefits of conservation agriculture are not
immediate, global and widespread uptake is
constrained. These findings contradict the scientific
estimate that conservation agriculture would raise crop
yield by 20-120% (Kesavan and Malarvannan 2010;
Basch et al. 2015). But the benefits of conservation
agriculture are not instant (Thierfelder and Wall 2012);
as Scopel et al. (2013) stress, it may take a few years
for soil evolution and ecological equilibrium to take
place, and for farmers to gain experience, and for
conservation agriculture to demonstrate its potential
for augmenting crop yield.

Farms practising conservation farming averaged a
12.88% higher return per rupee of investment than
conventional farms. Hence, conservation agriculture
impacts the overall socio-economic status of the
farming community as well.

Conclusions

Many studies have been conducted worldwide on the
long-term sustainability of conservation agriculture,
including in the Indo-Gangetic Plains of India. These
studies focus on soil health and ecological resources,
on which long-term agricultural productivity depends.
However, the economic impact of conservation
agriculture on the overall farming community needs
to be assessed, too, with spatial and temporal multi-
analytical diverse approaches.

This study undertakes the spatial approaches of
econometrics and cost—benefit analysis to determine
the impact of conservation agriculture on the farming
community and its difference from conventional
farming situations. Conservation agriculture practices
aid crop residue retention and minimum soil
disturbance, and these use less of inputs, human labour,
and machinery; ultimately, therefore, the system cost
is less. The results of this study show that, overall, the
farm economy improves significantly under
conservation agriculture.

However, there is a need to assess conservation
agriculture over time in a long-run perspective using a
temporal analytical methodology, too. The constraints
to adopting conservation agriculture should also be
assessed subsequently.

References

Abrol, I P, and S Sangar. 2006. Sustaining Indian agriculture-
conservation agriculture the way forward. Current
Science 91(8). https://www.researchgate.net/
publication/228360697 Sustaining
Indian_agriculture - Conservation agriculture
the way forward

Basch, G, T Friedrich, A Kassam, and E Gonzalez-Sanchez.
2015. Conservation agriculture in Europe. In: Farooq,
M, Siddique, K HM (Eds.), Conservation Agriculture.
Springer International Publishing, Switzerland, 357—
388. https://core.ac.uk/download/pdf/62467309.pdf

Bhan, S, and U K Behera. 2014. Conservation agriculture
in India — Problems, prospects and policy issues.



136 Chatterjee S, Chakraborty R, Banerjee H

International Soil and Water Conservation Research
2(4): 1-12. https://doi.org/10.1016/S2095-6339
(15)30053-8

Bisaliah, S. 1977. Decomposition analysis of output change
under new production technology in wheat faming:
Some implications to returns on investment. /ndian
Journal of Agricultural Economics 32(3): 193-201.
https://ideas.repec.org/a/ags/inijae/268536.html

Bolliger, A, J Magid, T J C Amado, F Scora Neto, M D F
Dos Santos Ribeiro, A Calegari, R Ralisch, and A De
Neergaard. 2006. Taking stock of the Brazilian ‘zero-
till revolution’: a review of landmark research an
farmers’ practice. Advances in Agronomy 91: 47-110.
https://doi.org/10.1017/S1742170513000550

Cassman, K G, and P L Pingali. 1995. Extrapolating trends
from long-term experiments to farmers’ fields: the case
of irrigated rice system in Asia, In: Barnett, Payne and
Steiner (Eds.), Agricultural Sustainability: Economic,
Environmental and Statistical Considerations. John
Wiley & Sons Ltd., UK, 63—-84.

Chatterjee, S, S Banerjee, K L Murmu, and P Bandopadhyay.
2015. Extent of Technological Change in Paddy
Cultivation over Eastern Region of India during last
four decades. Visual presentation made in 29"
International Conference of Agricultural Economics
(ICAE 2015). Milan, Italy, 8-14 August 20.https://
ideas.repec.org/p/ags/iaae15/211459.html

Choudhary, A K, and V K Suri. 2018. System of rice
intensification in promising rice hybrids in north-
western Himalayas: crop and water productivity, quality,
and economic profitability. J. Plant Nutr. 41: 1020-1034
. https://doi.org/10.1080/01904167.2018.1431675

Craheix, D, F Angevin, T Dor¢, and S de Tourdonnet. 2016.
Using a multicriteria assessment model to evaluate the
sustainability of conservation agriculture at the cropping
system level in France. European Journal of Agronomy
76: 75-86. https://hal-agroparistech.archives-
ouvertes.fr/hal-01354938/document

Das, A, R Lal, D P Patel, R G Idapuganti, J Layek, S V
Ngachan, P K Ghosh, J Bordoloi, and M Kumar. 2014.
Effects of tillage and biomass on soil quality and
productivity of lowland rice cultivation by small scale
farmers in North Eastern India. Soil and Tillage
Research, 143: 50-58. http://dx.doi.org/10.1016/
j-still.2014.05.012

Dass, A, K Shekhawat, A K Choudhary, S Sepat, S S Rathore,
G Mahajan, and B S Chauhan. 2017. Weed management
in rice using crop competition-a review. Crop Protection
95: 45-52.

https://www.researchgate.net/deref/http%3A
%2F%2Fdx.doi.org%2F10.1016%2Fj.cropro.
2016.08.005

Dawe, D A, P Dobermann, S Moya, P Abdulrachman, S'Y
Lal, B Li, G Lin, OPanaullah, Y Sariam, A Singh, P S
Swarup, and Q X Zhen Tan. 2000. How widespread
are yield declines in long-term rice experiments in Asia?
Field Crops Research 66: 175—193.

https://www.researchgate.net/deref/http%
3A%2F%2Fdx.doi.org%2F10.1016%2FS0378-
4290(00)00075-7

Department of Planning and Statistics, Government of West
Bengal. 2013—14. District Statistical Handbook, Nadia.

Ekboir, J, K Boa, and A A Dankyii. 2002. The impact of no-
till in Ghana. In: L. Garcia-Torres, J. Benites, A.
Martinez-Vilela and A. Holgado-Cabrera(Eds.),
Conservation Agriculture: A Worldwide Challenge,
757-764. Cordoba, Spain: ECAF/FAO.

Erenstein, O. 2009. Specification effects in zero tillage
survey data in South Asia’s rice-wheat systems. Field
Crops Research 111(1-2): 166—172. https://doi.org/
10.1016/j.£cr.2008.12.003

Erenstein, O, and V Laxmi. 2008. Zero tillage impacts in
India’s rice-wheat systems: a review. Soil and Tillage
Research 100(1-2): 1-14. https://www.researchgate.
net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016
%2F]j.still.2008.05.001

Erenstein, O, K Sayre, P Wall, J Hellin, and J Dixon. 2012.
Conservation agriculture in maize- and wheat-based
systems in the (Sub)tropics: lessons from adaptation
initiatives in South Asia, Mexico, and Southern Africa.
Journal of Sustainable Agriculture 36(2): 180-206.
https://doi.org/10.1080/10440046.2011.620230

FAO.2012. Food and Agriculture Organization of the United
Nations, Agriculture and Consumer Protection
Department, Conservation. http://www.fao.org/
conservation-agriculture/en/

Feder, G, O’ Mara, and T Gerald. 1981. Farm size and the
adoption of green revolution technology. Economic
Development and Cultural Change 30: 59-76. https://
www.jstor.org/stable/3203155

Flinn, JC, and S K De Datta. 1984. Trends in irrigated rice
yields under intensive cropping at Philippines research
stations. Field Crops Research 5: 201-216. https://
doi.org/10.1016/0378-4290(84)90002-9

Garbach, K, J C Milder, F A J DeClerck, M Wit de
Montenegro, L Driscoll, and B Gemmill-Herren. 2016.
Examining multi-functionality for crop yield and



Conservation agriculture on small and marginal farm households 137

ecosystem services in five systems of agroecological
intensification. Int. J. Agric. Sustain 5903: 1-22. https:/
/doi.org/10.1080/14735903.2016.1174810

Gilbert, N. 2012. Dirt poor: the key to tackling hunger in
Africa is enriching its soil. The big debate is about how
to do it. Nature 483: 525-527. https://www.nature.com/
news/african-agriculture-dirt-poor-1.10311

Giller, KE, E Witter, M Corbeels, and P Tittonell. 2009.
Conservation agriculture and smallholder farming in
Africa: the heretic’s view. Field Crops Res. 114: 23—
34. https://doi.org/10.1016/].fcr.2009.06.017

Govaerts, B, N Verhulst, A Castellanos-Navarrete, K D
Sayre, J Dixon, and L Dendooven. 2009. Conservation
agriculture and soil carbon sequestration: between myth
and farmer reality. Critical Reviews in Plant Sciences
28: 97—-122. https://doi.org/10.1080/07352680
902776358

Greenlands, D L. 1997. The Sustainability of Rice farming,
CAB International (UK) and International Rice
Research Institute, Manila, Philippine, 115. http://
books.irri.org/0851991637 content.pdf

Gupta, R K, and A Seth. 2007. A review of resource
conserving technologies for sustainable management
of the rice-wheat cropping systems of the Indo-Gangetic
Plains (IGP). Crop Protection 26(3): 436—447. https://
www.researchgate.net/deref/http%3A%2F%
2Fdx.doi.org%2F10.1016%2Fj.cropro.2006.04.030

Gupta, R K, R K Naresh, P R Hobbs, Z Jiaguo, and J K
Ladha. 2003. Sustainability of post-green revolution
agriculture: The rice-wheat cropping systems of the
Indo-Gangetic Plains and China. In Improving the
Productivity and Sustainability of Rice-wheat Systems.
Issues and Impacts 7: 149—171. https://www.scirp.org/
(S(351jmbntvnsjtlaadkposzje))/reference/
ReferencesPapers.aspx?ReferencelD=1565078

Haggblade, S, and G Tembo. 2003. Conservation Farming
in Zambia: EPTD Discussion Paper No 108.
Washington DC, IFPRI.

https://www.researchgate.net/profile/Steven_Haggblade/
publication/5056041 Conservation Farming
in_Zambia/links/576c688808aedb18f3eb2905/
Conservation-Farming-in-Zambia.pdf

Hobbs, P R, and B Govaerts. 2010. How conservation
agriculture can contribute to buffering climate change.
In: M P Reynolds(Ed), Climate Change and Crop
Production, CAB International, 177-199. http://
dx.doi.org/10.1079/9781845936334.0177

Kesavan, PC, and S Malarvannan. 2010. Green to evergreen
revolution: ecological and evolutionary perspectives in

pest management. Curr: Sci. 99: 908-914. https://www.
researchgate.net/publication/289328651 Green to
evergreen_revolution Ecological and evolutionary
perspectives_in_pest management

Kumar, A, and D S Yadav. 2001. Long-term effects of
fertilizers on the soil fertility and productivity of a rice-
wheat system. Journal of Agronomy and Crop
Science 186 (1): 47-54. DOI: 10.1046/.1439-
037x.2001.00452.x

Liu, C, M Lu, J Cui, B Li, and C Fang. 2014. Effects of
straw carbon input on carbon dynamics in agricultural
soils: a meta-analysis. Global Change Biology 20:
1366—1381. https://doi.org/10.1111/gcb.12517

Nambiar, K K M. 1988. Annual reports, long-term fertilizer
experiments in India. [ARI, New Delhi, India. 1971—
988.

Patzek, T W. 2008. Thermodynamics of agricultural
sustainability: the case of US maize agriculture. Critical
Reviews in Plant Sciences 27(4): 272-293. https://
doi.org/10.1080/07352680802247971

Paul, J, A K Choudhary, V K Suri, A K Sharma, V Kumar,
and Shobhna. 2014. Bioresource nutrient recycling and
its relationship with biofertility indicators of soil health
and nutrient dynamics in rice-wheat cropping system.
Commun. Soil Sci. Plant Anal. 45: 912-924. https://
doi.org/10.1080/00103624.2013.867051

Pingali, P L, M Hossain, and R Gerpacio. 1997. Asian Rice
Bowls: The Returning Crisis? CAB International IRRI,
Los Banos, Philippines. http://books.irri.org/
0851991629 content.pdf

Pittelkow, CM, X Liang, Ba Linquist, K J van Groenigen, J
Lee, M E Lundy, N van Gestel, J Six, R T Venterea,
and C van Kessel. 2015. Productivity limits and
potentials of the principles of conservation agriculture.
Nature 517: 365-368. https://doi.org/10.1038/
nature13809

Ram, H, Y Singh, K S Saini, D S Kler, and J Timsina. 2013.
Tillage and planting methods effects on yield, water
use efficiency and profitability of soybean-wheat
system on a loamy sand soil. Experimental Agriculture
49: 524-542. http://dx.doi.org/10.1017/
S0014479713000264

Scopel, E, B Triomphe, F Affholder, F A MDa Silva,
MCorbeels, ] H V Xavier, RLahmar, S Recous, M
Bernoux,E Blanchart, I De Carvalho Mendes, and S
De Tourdonnet. 2013. Conservation agriculture
cropping systems in temperate and tropical conditions,
performances and impacts. A review. Agron. Sustain.
Dev. 33: 113-130. https://doi.org/10.1007/s00374-007-
0165-2



138 Chatterjee S, Chakraborty R, Banerjee H

Singh, Upma, K Anil Choudhary, and Shilpi Sharma. 2020.
Comparative performance of conservation agriculture
vis-a-vis organic and conventional farming, in
enhancing plant attributes and rhizospheric bacterial
diversity in Cajanus cajan: A field study. European
Journal of Soil Biology 99: 1-10. https://doi.org/
10.1016/j.ejs0bi.2020.103197

Thierfelder, C, and P C Wall. 2012. Effects of conservation
agriculture on soil quality and productivity in
contrasting agro-ecological environments of Zimbabwe.
Soil Use and Management 28(2): 209-220.https://
doi.org/10.1111/5.1475-2743.2012.00406.x

Timsina, J, and D J Connor. 2001. Productivity and
management of rice-wheat cropping systems: Issues and
challenges. Field Crops Research69(2): 93—132. https:/
/www.researchgate.net/deref/http%3A
%2F%2Fdx.doi.org%2F10.1016%2FS0378-
4290(00)00143-X

Verhulst, N, B Govaerts, E Verachtert, A Castellanos-
Navarrete, M Mezzalama, P C Wall, A Chocobar, J
Deckers, and K D Sayre. 2010. Conservation
agriculture, improving soil quality for sustainable
production systems. In Advances in Soil Science: Food
Security and Soil Quality, 137-208 (Eds R. Lal and B.
A. Stewart). Boca Raton, FL, USA: CRC Press

Wall, P C. 2007. Tailoring conservation agriculture to the
needs of small farmers in developing countries: an

analysis of issues. Journal of Crop Improvement 19(1—
-): 137—155. https://www.tandfonline.com/doi/abs/
10.1300/J411v19n01_07

Wall, P C, C Thierfelder, A Ngwira, B Govaerts, |
Nyagumbo, and F Baudron. 2013. Conservation
agriculture in Eastern and Southern Africa. In:
Conservation Agriculture: Global Prospects and
Challenges (Eds R. A. Jat, K. L. Sahrawat and A. H.
Kassam). UK: CABI.

Wang, Z, L Liu, Q Chen, X Wen, and Y Liao.2016.
Conservation tillage increases soil bacterial diversity
in the dryland of northern China. Agron. Sustain. Dev.
36: 1-9 .https://link.springer.com/article/10.1007/
$13593-016-0366-x

Wolff, P, and T M Stein. 1998. Water efficiency and
conservation in agriculture — opportunities and
limitations. Agriculture and Rural Development 5(2):
17-20. https://www.sciencedirect.com/science/article/
pii/S2095633915300538

Yadav, R L, B S Dwivedi, and P S Pandey. 2000. Rice-
wheat cropping system: assessment of sustainability
under green manuring and chemical fertilizer inputs.
Field Crops Research 65: 15-30. https://www.
researchgate.net/publication/222025407 Rice-
wheat cropping system Assessment of
sustainability under green manuring and
chemical fertilizer inputs



