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Does tillage system affect
agricultural production and
farmers’ incomes? Evidence from
234 typical farms in 29 countries

Jiamei Wang, Hui Zhou and Xiangdong Hu*

Institute of Agricultural Economics and Development, Chinese Academy of Agricultural Sciences,
Beijing, China

Investigating the impact of tillage system on agricultural production and farmer
income, particularly in the face of global threats to food security and adverse
environmental conditions, holds considerable importance for guiding policy
formulation. This study employs a stochastic frontier analysis to estimate the
technical efficiency of wheat production, utilizing data from 234 typical farms
across 29 countries for the period 2012-2022. The technical efficiency range
for wheat production varies from 0.257 to 0.976, with an average value of 0.830.
Additionally, the impact of tillage system on technical efficiency and grain revenue
is examined using propensity score matching. The findings indicate that there
is no significant difference in technical efficiency between conservation tillage
and traditional tillage. Furthermore, compared to conservation tillage, traditional
tillage leads to higher grain revenue. Policymakers should evaluate technological
adoption comprehensively, considering economic, social, and environmental
aspects. Special attention should be directed toward assessing the economic
benefits for farmers.
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1 Introduction

Taking into account the multifaceted impacts of the tillage system (TS) is of great
significance for a comprehensive understanding and appreciation of its adaptability. The
existing body of research suggests that substantial and far-reaching impacts of tillage systems
on soil (Vallejos et al., 2024; Kladivko, 2001; Martinez et al., 2008), crops (Nenge et al., 2025;
Husnjak et al., 2002; Yusuf et al., 1999) and the environment (Singh et al., 2024; Abdalla et al.,
2013; Oorts et al., 2007).

Tillage systems can be broadly categorized into traditional tillage (TT) and conservation
tillage (CT). Conservation tillage has been extensively researched for its positive environmental
externalities (Michler et al., 2019; Smith et al., 1998). By adopting practices such as reduced
tillage, no tillage, direct seeding, and crop residue cover, conservation tillage significantly
reduces soil erosion caused by water and wind, thereby protecting soil and water resources
(Unger and McCalla, 1980). Since the introduction of conservation tillage in the early 1960s,
the increasing issues of soil erosion, non-point source pollution, and rising fuel costs have led
to a growing adoption of conservation tillage (Logan et al., 1991). However, whether
conservation tillage are as productive as traditional tillage is a controversial issue (Su
etal., 2021).
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Recent research comparing traditional tillage and conservation
tillage has found adoption of conservation tillage can lead to increased
technical efficiency (Aravindakshan et al., 2018; Tanursaz et al., 2021).
Studies such as that conducted by Schwab et al. (2002) have shown
that the cotton yield under conservation tillage is 16% higher than
conventional cultivation. In contrast to earlier findings, however, no
evidence of a significant change in technical efficiency with the shift
to no tillage was detected (Clovis, 1999; Sankranti and Langemeier,
2004). And crop yields with conservation tillage are either lower than
or comparable to those with traditional tillage (Chetan et al., 2017;
Stanek Tarkowska et al., 2018). An experiment conducted at the
Agricultural Research and Development Station (ARDS) in Turda
demonstrated that: Yields in the unconventional systems (minimum
tillage) were similar to those achieved in the conventional system,
while a slight decrease in yield was observed in the no-tillage system
(Filip et al., 2024). It can clearly be seen that previously published
studies on the effect of conservation tillage are inconsistent.

Current research affirms the positive environmental effects of
conservation tillage, however, the effectiveness of conservation tillage
on agricultural production compared to conventional tillage
is debated.

The adoption of conservation tillage systems is gradually
expanding (Derpsch et al., 2010). However, the choice and adoption
of tillage systems are largely self-determined by farmers, although
government departments may provide some guiding influence.
Whether in developing or developed countries, the primary factor
influencing the choice is often based on economic considerations for
farmers (Pannell, 1999). To avoid potential economically disastrous
consequences, a thorough risk assessment is necessary before
transitioning to conservation tillage practices (Allmaras and
Dowdy, 1985).

Based on the above, the main objective of this research is to
determine whether there are notable differences in technical efficiency
for agriculture production between non-traditional and traditional
tillage systems, taking wheat production as an example, and to assess
the impact of conversion to conservation tillage on farmers’ incomes.

To achieve this goal, this study investigates the impact of tillage
systems on wheat production technology efliciency and farmers’
income. Data for this study were obtained from agri benchmark. This
paper uses data on wheat production from 234 typical farms globally
from 2012-2022. The choice of wheat is due to its status as the world’s
largest cereal crop, crucial for the majority of the global population’s
food supply. In order to achieve the goal of identifying the differences
in agricultural production between two tillage systems, the approach
to empirical research adopted for this study was propensity score
matching. It can effectively address the selection bias and
confounding variables.

This study exhibits remarkable novelty when compared to existing
research in the following aspects. Regarding the research focus,
previous studies have extensively investigated the impacts of tillage
systems on aspects such as soil, crops, and the environment. However,
very few studies have focused on the impact of these tillage practices
on farmers’ agricultural income and technical efficiency. The current
study aims to fill this gap by identifying the differences in technical
efficiency for agricultural production between conservation and
traditional tillage systems and assessing their impact on farmers’
incomes. While previous research has confirmed the positive role of
conservation tillage in the environment, its impacts on agricultural
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production and household income have remained controversial. This
paper presents new evidence to elucidate the impact of conservation
tillage on the technical efficiency of agricultural production and
farmers’ income.

In terms of geographical scope and sample representation,
previous investigations often centered on specific regions, lacking
in-depth exploration of a wide range of areas (Langemeier, 2010;
Chetan et al., 2016; Demir and Goziibiiytik, 2020). In contrast, this
study collected data on wheat production from 234 typical farms
worldwide from 2012 to 2022. The selection of a large and globally
representative sample enables more reliable inferences. This study also
represents the first empirical analysis on a global scale to verify the
effects of tillage systems on agricultural production. From the
perspective of the research method, many existing studies have
analyzed the differences between conservation tillage and traditional
tillage in terms of crop yield through natural experimental approaches
(Cantero Martinez et al., 2007; Jordan et al., 2001). However, this study
employs the propensity score matching method for empirical research.
This approach can effectively overcome selection bias and confounding
variables. Compared with previous methods, it is a distinct and more
targeted way to achieve the goal of accurately identifying the
differences in agricultural production between the two tillage systems.

The remaining part of the paper proceeds as follows. Section 2
presents the method and data used for this study. Section 3 discusses
the estimation results and main findings. Section 4 is concerned with
the heterogeneity analysis and further discussion. Finally, section 5
concludes the paper.

2 Materials and methods

2.1 Data

The data used in this research comes from agri benchmark. Agri
benchmark is a global, non-profit network of agricultural economists,
advisors, producers and specialists in key sectors of agricultural and
horticultural value chains. We primarily use data from the agri
benchmark Cash Crop Network, which includes agricultural
production systems, cost structures and competitiveness of typical
farms worldwide. The Standard Operating Procedure (SOP) for
identifying typical farms in participating countries is detailed in the
Chibanda et al. (2020).

In this study, we analyze wheat production data of 234 typical
farms from 29 countries in 2012-2022. The distribution of the sample
countries is shown in Figure 1. These include 14 developed countries
and 15 developing countries. During the survey period, typical farms
maintained a consistent tillage system, with very few farms changing
their tillage practices. Among them, 123 farms practiced conservation
tillage, while the remaining followed traditional tillage methods.

2.2 Methods

2.2.1 TE measures: stochastic frontier model

To verify whether different tillage systems lead to differences in
technical efficiency, we first measure the technical efficiency of wheat
production on each typical farm. Technical efficiency measurement
primarily comprises parametric and non-parametric methods.
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FIGURE 1

country. Only part of the world map is shown in the figure.

Distribution of sample countries. The figure shows the geographic location of the 29 sample countries. The colors indicate the sample size for each

Parametric methods refer mainly to stochastic frontier analysis, while
non-parametric methods refer to data envelopment analysis. This
article employs the parameter analysis method for measuring
technical efficiency. The use of stochastic frontier analysis is
advantageous in overcoming issues arising from noise and uncertainty
in real-world data. It is capable of effectively handling random errors
in the data, thereby enhancing the accuracy and robustness of
technical efficiency assessments. The stochastic frontier production
function is generally expressed as Equation (1):

Vie = f (xie.t.B) exp(vie — i ) (1)

where yj; is the output of farm i in ¢ year; x;; is a vector of inputs;
t is time variable; /3 is a vector of parameters to be estimated; vy is a
random error and vj~iid (0,0'3); uj; denotes technical inefficiency in
production process, which is presumed to be non-negative and
distributed independently of v;;.

Technical efficiency can be expressed as Equation (2):

TE;; = yir /(f(x,-t,t,ﬂ)exp(v,-t)) =exp(-uir) (2)

The stochastic frontier analysis has two functional forms with the
Cobb-Douglas functional form and the translog specification. In
order to determine the functional form, the log-likelihood ratio (LR)
test is used (Mahmood et al., 2020), as the following Equation (3):

LR=-2 [loglikelihood ( Hy ) — loglikelihood ( H; )] 3)

Appendix Table A1 shows the results of the LR test, which rejects the
Cobb-Douglas specification at = 5%. The translog specification is more
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adaptable than the Cobb-Douglas functional form (Shi et al., 2022). In
this study, we use the translog production function form to measure the
technical efficiency of wheat production. The wheat yield per hectare
serves as the output variable, and input variables include labor, capital,
and energy. Additionally, considering temporal variations, we introduce
a time variable into the model. The specific model is set as follows:*

Iny; = fo+ Piln Kyt + foIn Ly + B3 In M + Pat
2 2 2
+Bs(InK;y)" + B (InLig)* + 7 (In My )" + Bt
+BoIn K *InLy + Bion Ky *In M + pi1In L
*InMj + ot *In Ky + fiat *In Ly + Prat *InMvig +—uje. (4)

In Equation (4) yj, is the wheat yield per ha; i refers to farm i; t = 1,
2, ..., 11 denotes the year from 2012 to 2022, which captures technical
progress as a time trend; Lj; is the labor input per ha; Kj; is material
input per hectare, which is measured by cash costs of seeds, fertilizers
and pesticides; M, is energy input per hectare, including petrol, diesel
and others.

2.2.2 Propensity score matching

According to the tillage system adopted by typical farms,
samples are divided into treatment groups and control groups, with
farms employing conservation tillage as the treatment group. Since
the selection of tillage systems on farms is not random and is
influenced by local planting traditions and natural conditions,
we employ the propensity score matching method to minimize this
bias. The advantage of propensity score matching is that it can solve
the problem of sample self-selection, thus effectively dealing with
the endogeneity problem caused by sample self-selection bias. The
propensity score matching method involves three steps: first,
calculating the propensity scores by using the logistic model;
second, selecting the matching method. Matching algorithms
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include nearest neighbor, caliper and radius, stratification and
interval, kernel and local linear, and weighting. It is important to
note that there is no perfect algorithm without weaknesses (Haile
et al., 2024). This study selects the nearest neighbor matching,
radius (caliper) matching, nearest neighbor matching within
calipers and kernel matching within calipers. These methods have
different emphasis on the matching quality and quantity of them,
with no obvious difference between the advantages and
disadvantages, and their differences focus on the consistency of the
estimator (Becker and Ichino, 2002); third, estimating of average
treatment effect (ATE).

The propensity scores are calculated using the following
Equation (5):

PS; = p(X;)=Pr[T; =11X;] (5)

where PS; is the propensity score of farm #, T; denotes whether or
not the farm i adopting conservation tillage. If adopting, the value is
equal to one or otherwise zero. X; denotes a set of covariates that
affects the outcome. The logistic of T; is then used as the dependent
variable along with j covariates of T; to perform a logistic regression
as shown in Equation (6):

LOgit (T;] = 1) = ﬁo +ﬂin,j + 5,1 (6)

ATT is calculated by the following Equation (7):

ATT = E[Yi; - Yo; | D = 1] = E[ ¥ = Yo; 1, D; =1|.p(X;) |
= E{E[¥;|, D; =1p(X;) ]~ E[Yoi |, Di = 1.p(X:) ]| Dy =1} (7)

where ¥}; and ¥; indicate the technical efficiency of typical farms
adopting conservation tillage and conventional tillage, respectively,
D; =1 for conservation tillage and D; =0 for conventional tillage.
p(X;) indicates the probability of a typical farm adopting
conservation tillage, as calculated from the logistic model.
E [Y()i |D; =1, p(X ,)] represents the technical efficiency of typical
farms that adopt conservation tillage when it do not. This is a
counterfactual estimate that is unobservable, thus assuming
Equation (8):

E[Yo;|D; =0,p(X;)]=E[ Yoi | Di =1, p(X;) ] (8)

2.3 Variables setting

2.3.1 Treatment variable
Tillage system. Treatment variable is dummy variable for tillage
system, with 1 for conservation tillage and 0 for conventional tillage.

2.3.2 Outcome variables

The outcome variables are technical efficiency (TE) and grain
revenue (GR) of wheat production on typical farms.

Technical efficiency. To calculate technical efficiency, wheat yield
per hectare was set as the output variable, and the input variables were
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labor, capital, energy and time variables to reflect the trend of technical
efficiency over time.

Grain revenue. All income earned on a typical farm through
wheat production.

2.3.3 Selection of covariates

The selection of covariates is used to control for differences in
the two sets of outcome variables due to confounding variables.
The number of choices should be appropriate; too many variables
leads to few matched samples, while too few variables leads to
inaccurate matching and thus affects the estimation. In total, eight
covariates are selected, including acreage, family labor, machinery,
insurance, drying, environmental services, irrigation and farm
cost. Table 1 provides definitions and descriptive statistics for
all variables.

3 Results and discussion

3.1 TE measures: the result of stochastic
frontier model

Table 2 reports the regression results of translog production
function. The elasticity coefficients of labor, capital, and energy
all pass the T- test significantly, with the coefficient for capital
being positive and those for labor and energy being negative. The
output elasticities of both capital and the square of capital also
pass the T- test. The elasticity coefficients are positive and
negative at the 1% level of significance, respectively. This suggests
that an increase in inputs related to establishment cost, such as
seeds, fertilizers, and pesticides, within a certain range, leads to
an improvement in output. However, surpassing the turning
point may result in losses and pollution. Additionally, the
interaction coefficients between labor and capital, as well as labor
and energy, are significantly positive at the 5% level. This
indicates that the combination of labor with either capital or
energy inputs promotes wheat production.

The density distribution of the calculated technical efficiency for
typical farms is illustrated in Figure 2. Over the research period from 2012
to 2022, the technical efficiency range for wheat production varies from
0.257 to 0.976, with an average value of 0.830. Approximately 33% of
farms exhibit technical efficiency levels below the mean. Farms with
technical efficiency above 0.9 constitute 25% of the total, while the
proportion within the range of 0.8 to 0.9 is 51%, indicating that over half
of the typical farms are technically efficient. The percentage of farms with
technical efficiency between 0.7 and 0.8 is 14% and below 0.6 is 10%.

Uzbekistan exhibits the highest technical efficiency in wheat
production, reaching 0.94, while South Africa has the lowest at
0.59. Among developed countries, the Netherlands demonstrates
the highest technical efficiency at 0.92, whereas Japan has the
lowest at 0.59. There are four countries with technical efficiency
exceeding 0.9. In addition to Uzbekistan and the Netherlands,
there are also Russia and Belgium. The average technical
efficiency for the sample countries is 0.82, with 11 countries
having an average technical efficiency below this mean. This
group includes five developed countries and six developing
countries. Figure 3 illustrates the calculated average technical
efficiency values for each country in the sample.
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TABLE 1 Variable definitions and descriptive statistics.

Variables

Definition

Input and output variables

(1)

Full sample

(2)

Treatment group

(3)

Control group

10.3389/fsufs.2025.1528564

(4) = (2)-(3)

Difference
(T- test)

Crop yield ‘Wheat yield per hectare (t/ 5.956 (2.505) 5.341 (2.371) 6.889 (2.418) —1.548%**
ha)
Labor Labor cost (family labor 175.068 (174.384) 124.781 (111.110) 251.216 (219.680) —126.435%#*
plus hired labor) (USD/ha)
Capable Establishment cost (seeds, 958.574 (584.713) 784.325 (414.002) 1222.436 (696.957) —438.111%**
fertilizers and others)
(USD/ha)
Energy Expenditures for fuel to run 221.540 (116.718) 184.452 (101.636) 277.700 (115.820) —93.248%%*
machinery (USD/ha)
t t=1,2,..., 11 denotes the 6.235 (3.075) 6.154 (3.051) 6.359 (3.113) —0.206
year from 2012 to 2022
Outcome
Technical efficiency TE of wheat production 0.830 (0.112) 0.830 (0.104) 0.829 (0.123) 0.001
(SFA estimates)
Gross revenue Market receipts per hectare 7.057 (0.609) 6.851 (0.565) 7.370 (0.536) —0.520%**
of wheat crop (USD)*
Core variable
Tillage system 1 = conservation tillage, 0.602 (0.490) 1.000 (0.000) 0.000 (0.000)
0 = traditional tillage
Covariates
Acreage Wheat planting area 580.859 (1112.601) 818.008 (1350.681) 221.746 (372.358) 596.262%%%
(hectare)
Family labor Family labor input (person/ 15.090 (84.266) 2.973 (4.553) 33.440 (131.548) 30.467%%*
ha)
Machinery Machinery run time 0.212 (0.147) 0.236 (0.154) 0.176 (0.129) 0.060%#*
(hours/ha)
Insurance Crop Insurance cost (USD/ 13.836 (42.390) 9.201 (12.152) 20.855 (64.985) —11.654%%*
ha)
Drying 1 = drying, 0 = no drying 0.231 (0.422) 0.186 (0.390) 0.298 (0.458) 0.112%%%
Environmental services 1 = buying services, 0 = no 0.026 (0.159) 0.013 (0.115) 0.045 (0.208) 0.031%:*
buying
Irrigation 1 = irrigation, 0 = no 0.097 (0.297) 0.022 (0.145) 0.212 (0.410) 0.1971 %%
irrigation
Farm cost Cost for farm advisory, 59.387 (54.361) 48.744 (37.152) 75.503 (70.159) —26.759%%*
accounting and office
(USD/ha)
Observations 616 371 245

The mean values are presented and the standard deviations are within parentheses; *** is p < 0.01; ** is p < 0.05; * is p < 0.1. “Natural logarithm value.

3.2 Impact of TS on TE and GR: PSM

estimates

3.2.1 Logistic model estimation results

The focus of this study is not concerned with the significance and

detailed interpretation of the variables in the model, the main role of

the logistic model is to reduce the dimensionality and get the

propensity score to facilitate the next step of matching. As can be seen
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from Table 3, the main factors influencing the tillage system adopted

by typical farms are operating area, machinery hours, inputs of family

labor, whether or not irrigation is carried out, whether or not drying

is carried out and farm cost.

3.2.2 Common support and balance tests
One important purpose of propensity score matching is to balance

the distribution of covariates between the treatment and control groups.
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TABLE 2 Results of translog stochastic frontier model.

10.3389/fsufs.2025.1528564

Variable Coefficient S.E.
InK 6.0627 (0.822)
InL —1.058 (0.234)
InM —1.9973 (0.570)
t 0.128* (0.056)
(InK)? —0.664% (0.124)
(InL)? —0.011 (0.011)
(InM)> —0.087 (0.077)
£ —0.0097% (0.001)
LnK*InL 0.210%* (0.064)
InK*InM —0.056 (0.044)
InL*InM 0.480%* (0.168)
#InK 0.008 (0.005)
#InL 0.0002 (0.016)
#InM —0.010 (0.013)
Constant —13.179%:%* (1.570)
o2 0.0428

o2 0.0386

LR test 61.27%%*

N 616

*, % and *#* represent the significance levels of 10, 5 and 1%, respectively.

©s==T T T T T

0.2 0.4 0.6 0.8
Technical efficiency

FIGURE 2
Density distribution of calculated technical efficiency.

Therefore, after matching, it is essential to conduct a balance test to
ensure that, apart from differences in the outcome variable, there are no
significant systematic differences in covariates between the two groups
of farms. The results of the balance test using the kernel radius cal (0.05)
matching method for before and after matching covariates are presented
in Appendix Table A2. The absolute values of standardized deviations
for all covariates after matching are below 10%, and the majority of
covariates exhibit non-significant differences between the treatment and
control groups. This indicates that matching significantly reduces the
differences in covariate distribution between the treatment and control
groups, thereby mitigating sample self-selection bias and satisfying the
balance assumption.
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Overall, these results demonstrate that matching significantly
reduces the differences in the distribution of covariates between the
treatment and control groups, minimizing sample selection bias to the
greatest extent. Figure 4 illustrates a substantial reduction in the
standardized deviations of covariates before and after matching.

To examine the matching effectiveness, it is essential to test the
common support condition. The common support condition posits that
there is an overlap between the treatment and control groups, ensuring
that both sub-samples share a common region in the propensity score
distribution. Figure 5 reveals a substantial overlap of propensity score
values. This indicates that the majority of observations fall within the
common support region, and during the matching process, only a small
number of samples that do not meet the common support condition are
lost. This satisfies the common support condition and suggests that the
matching is conducted in a region where the majority of observations
from both groups share similar propensity score values.

3.2.3 Average treatment effects on the impact of
TSonTE and GR

This article systematically examines the impact of different tillage
systems on technical efficiency and agricultural income of wheat
production. In order to ensure the robustness of the estimation results,
we employs not only the nearest-neighbor matching method but also
utilizes caliper matching and kernel matching. Overall, the results
obtained from employing five different matching methods exhibit
similarity, indicating the robustness of the matching outcomes.

As depicted in Table 4, on average, farms adopting conservation
tillage exhibit a wheat production technical efficiency of 0.826.
Meanwhile, for farms employing traditional tillage, technical efficiency
ranges between 0.819 and 0.837. Based on the estimates from the five
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Average technical efficiency of sample countries
Nation
AR 0.8574
AT 0.7558
AU 0.8150
BE 0.9058
BG 0.8245
BR 0.7689
CA 0.8216
CN 0.7635
cz 0.8335
DE 0.8780
DK I — (.8 785
ES e 07354
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FR s 0. 8864
HU 0.8204
IN s (,8957
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UK e (0.8905
us 0.7520
uy 0.7380
uz I ———() .93 6 1
ZA T —— 0.59 16
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Technical efficiency
FIGURE 3
Average technical efficiency calculated for sample countries.

TABLE 3 Logistic model estimation results.

Tillage system Coefficient Std. Err.
Acreage 0.0010%** 0.0003
Machinery hours 2.8743%%* 0.9159
Family labor —0.0401%%* 0.0146
Insurance —0.0011 0.0042
Irrigation —1.9232%%% 0.4155
Environmental service —0.9451 0.5866
Drying —1.5747%%%* 0.2438
Farm cost —0.0038* 0.0022
_cons 0.5427%% 0.2287
Number of obs 616

LR chi® (8) 202.45

Prob > chi’ 0.0000

Log likelihood —312.7762

Pseudo R? 0.2445

*, %% and *** represent the significance levels of 10, 5 and 1%, respectively.

matching methods, there is no significant difference in technical
efficiency between the two groups. It is evident that adopting
conservation tillage does not exert a statistically significant enhancing
effect on production efficiency. It can be seen that adopting
conservation tillage only changes soil coverage, tillage intensity, etc.,
and there will be no significant improvement in technical efficiency.
Turning now to the evidence on the effect of tillage system on
agricultural income, the ATT values passed the test at the 1%
significance level for multiple matching methods, with only the nearest
neighbor 1:1 matching being significant at the 5% level. Notably, there
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exists a significant difference in agricultural income between farms
adopting conservation tillage and those employing traditional tillage.
The estimated ATT values from all five matching methods are negative,
ranging from —0.311 to —0.161, suggesting that farms practicing
traditional tillage obtain higher production income per hectare
compared to those adopting conservation tillage. In conservation
tillage, returning straw to the field increases the probability of pests and
diseases occurring in the farmland. Although the incidence of diseases
is influenced by various factors, the increase in pests and diseases leads
to crop yield reduction and quality decline, thereby affecting income.
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FIGURE 5

Propensity score distribution and common support. “Untreated”
represents the control group, “Treated” represents the experimental
group, “Off support” represents the samples whose scores are not
within the common value range, which can be understood as the
samples that have not been matched with appropriate scores. “On
support” represents the samples whose scores are within the
common value range.

3.2.4 Robustness analysis

In order to verify the robustness of the research findings, this study
employed ordinary least squares (OLS) regression analysis to examine
the impact of tillage system on technical efficiency and grain revenue.
As shown in Appendix Table A3, with the influence of tillage system
on technical efficiency still not statistically significant. However, at a
1% significance level, there is a negative impact on grain revenue. The
results obtained using Ordinary Least Squares are consistent with those
derived from the Propensity Score Matching (PSM) method used
earlier. This further indicates that the differences in technical efficiency
between the two tillage systems are not pronounced, and traditional
tillage yields higher grain revenue. The results remain robust.

4 Further discussion

This study unveils novel insights into tillage system, offering
crucial clues to address the debate between traditional tillage and
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conservation tillage. In our investigation, we unearthed compelling
evidence that traditional tillage is more meaningful in increasing
farmers’ income. These findings not only shed light on both tillage
systems show comparable technical efficiency, but also challenge
prevailing notions in the field.

This finding is consistent with that of Clovis (1999) who did not
find any significant differences of wheat production efficiency between
zero tillage adopters and non-adopters in northwest Indo-Gangetic
Plains. The finding was also reported by Langemeier (2010) who
explored wheat production on Kansas farms. What is different,
however, is that he believes no-till farms are significantly more cost
efficient, with higher operating profit margins.

However, our outcome is contrary to that of Paz et al. (2023) who
found significant positive correlation between conservation tillage
adoption and technical efficiency of maize growers. Mvumi et al.
(2017) also showed that conservation tillage were more efficient
compared to conventional tillage in semi-arid Zimbabwe. This differs
from the findings presented here.

It is noteworthy that researchers tend to focus on specific countries
or regions in their studies, leading to divergent conclusions. There is
reason to suspect that contradictory results may arise due to regional
differences. Accordingly, we categorized the sample countries into
groups based on their economic development levels, distinguishing
between developing and developed countries for analysis. The results,
as illustrated in Appendix Table A4, indicate a significant impact of
tillage system on technical efficiency at a 5% level in developed
countries. Furthermore, considering the direction of result disparities,
typical farms employing traditional tillage exhibit higher technical
efficiency in wheat production. This distinction is less pronounced in
developing countries, suggesting that the choice of tillage system has a
limited impact on technical efficiency. Examining the influence of
tillage system on grain revenue, typical farms in both developed and
developing countries experience greater income when adopting
traditional tillage.

5 Conclusion

Tillage system plays a crucial role in influencing agricultural
production and farmers’ income. However, a comprehensive
assessment prior to the implementation of agricultural technology
dissemination is imperative. This study utilizes wheat production
data from 234 typical farms across 29 countries to investigate the
impact of tillage system on technical efficiency and grain revenue.
The propensity score matching method is employed to alleviate
endogeneity issues arising from sample selection bias. The findings
reveal that the influence of tillage system on technical efficiency in
agricultural production is not statistically significant, as there is no
discernible difference in technical efficiency between conservation
tillage and traditional tillage. Conversely, tillage system exert a
significant impact on farmers’ income. Specifically, compared to
conservation tillage, traditional tillage yield higher grain revenue
for farmers.

However, these results were not very encouraging. Prior studies that
have noted the importance of conservation tillage, especially in aspect
of sustainability agriculture and environment friendly, particularly in
the areas of sustainable agriculture and environmental friendliness.
Certain countries advocate the implementation of conservation tillage
to alleviate the environmental pressures posed by agricultural
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TABLE 4 ATT of tillage system on technical efficiency and gross revenue.

10.3389/fsufs.2025.1528564

Conservation tillage

Conventional tillage

Technical efficiency
Nearest neighbor (1) 0.826 0.821 0.005 0.023 0.23
Nearest neighbor (4) 0.826 0.831 —0.004 0.016 -0.27
Caliper (0.25) 0.826 0.819 0.007 0.011 0.67
Nearest neighbor (4) Caliper 0.826 0.831 —0.004 0.016 —-0.27
(0.25)
Kernel bw (0.06) Caliper (0.05) 0.826 0.837 —0.009 0.014 —0.65
Gross revenue®
Nearest neighbor (1) 6.855 7.016 —0.161 0.075 —2.14%%
Nearest neighbor (4) 6.855 7.074 —0.219 0.060 —3.66%#
Caliper (0.25) 6.855 7.166 —0.311 0.049 —6.39%%%
Nearest neighbor (4) Caliper 6.855 7.074 —0.219 0.060 —3.66%#
(0.25)
Kernel bw (0.06) Caliper (0.05) 6.855 7.101 —0.246 0.062 —4.00%#*

*, *% and *** represent the significance levels of 10, 5 and 1%, respectively. “Natural logarithm value.

production. However, many nations continue to grapple with
developmental challenges such as food security and farmers’ income.

Therefore, the conclusions drawn in this article should attract the
attention of policymakers and farmers alike. From the perspective of
policymakers, a comprehensive assessment encompassing economic,
social, and environmental dimensions is imperative. The focus should
be on achieving current objectives, taking into account local realities
and needs as prerequisites for formulating and promoting policies,
rather than undertaking extensive promotion based on singular goals
and advantages. Furthermore, from the standpoint of farmers,
economic returns stand as the primary consideration in choosing
farming systems. Additionally, farmers’ cultivation habits, influenced
by historical traditions, exhibit inertia, necessitating promotional
education to bring about conceptual changes in their approach to
transitioning farming practices.
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