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The use of combine harvester is a modern technological solution to current
rice production in Bangladesh, especially in haor ecosystem where timely
harvesting of paddy is very important for minimizing crop losses due to
flash floods. An extensive field survey was conducted to assess the farmers’
perception, adoption drivers and challenges of combine harvesters in three
haor districts namely Sunamgonj, Kishorgonj and Netrokona. The field level
data were collected from 360 rice growing farmers (239 adopter and 121
non-adopter) since November 2023 to April 2024 using multistage random
sampling. A structured questionnaire survey was used for the collection
of primary data. Descriptive statistics, the 5-point Likert scale and a binary
logistic regression model were applied to achieve the objective of the study.
The meeting point for mechanization in harvesting, being 92%, showed that a
quicker adoption of technology occurred. Mechanization for harvest was seen
by farmers to be beneficial in terms of reduced labor, decreased production
costs and time, despite the high initial investment cost and on-going cost of
maintaining such equipment. On the other hand, education, group membership,
market information, access to credit, training and extension services strongly
determined the adoption decision positively whereas, age had negatively
significant effect. The major challenges in the study areas, were found to be
limited credit facilities (91.0%), low custom hiring availability (88.0%), high
machine prices (80.0%) and small fragmented plots (80.0%), respectively.
The study also suggests some recommendations like improving credit
access, farmers training, extension services and cooperative-based machinery
ownership are vital to ensure sustainable mechanization for enhancing farmers’
livelihood in haor ecosystem.
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Introduction

Rice (Oryza sativa) is the third major cereal
crop in the world (Rahman ef al., 2021) and
the staple diet of greater than half of the
world’s population (Khush, 2005). Large
numbers of farmers grow rice, as it is highly
compatible with many ecosystems and has
lower cultivation risks. 14,886 MT food
must be produced by 2050 to meet the food
requirement for the increasing population in
the world (Islam and Karim, 2020). The world
rice production stands at 503.2 million tons,
in which the contribution of China is 29.5%,
followed by India (23.8%), Bangladesh
(7.0%), Indonesia (6.9%), Vietnam (5.4%)
and Thailand (3.7%) (USDA, 2020). In
Bangladesh, rice is the country’s most
important crop, comprising about 78% of
the total net cropped area. Nation becomes
self-sufficient to meet the rice requirement
of its 169. million population from 11.6
million ha of cultivated land (Kabir et al,
2021; Nasim et al., 2021) and food security
means rice security (Kabir et al., 2021). Rice
is grown in a three-seasons: Aus, Aman, and
Boro cycle. Bangladesh now ranks third in
the world for rice production next to China
and India with 36 million tons of annual
rice production (Rahman et al, 2021). The
largest rice growing area in Bangladesh is
the haor wetlands of north-eastern region
and it contributes about 18% of national rice
production (BBS, 2021; Mamun ef al., 2024;
Kamruzzaman et al., 2024).

The haor wetland is a relatively large basin
of bowl or saucer shape with a subtropical

monsoon climate (Bokhtiar er al, 2024).
There are about 0.7 million ha of net sown
area in this region and about 5.3 million tons
of paddy produced annually (BHWDB, 2012).
In the haor areas, Boro rice is generally the
most important crop and sometimes the only
one (Alam et al, 1970; Hoq et al., 2021).
The ecology, farming practices, economic
activities and general lifestyle of farmers in
wetland areas are quite distinct from other
parts of the country (Hoq ef al., 2021). The
production practices are governed by natural
calamities, particularly for Boro plant with
the winter season and photo-insensitive
and transplanted additional irrigation rice.
The irrigated Boro rice is grown in Rabi
season (January to April/May) commonly
known as Boro cultivation. Frost, rainstorms
and drought at early stage are the major
impediments for modern Boro rice (Islam et
al., 2022). According to statistical data, the
total agricultural land area of seven wetland
districts is nearly 1.3 million hectares, of
which 0.7 million hectares (66%) is under
wetland management (Alam and Sarker,
2011). Around 80% of this area (0.7 million
hectares) is devoted to Boro rice cultivation
and only 10% to T. Aman crop (Huda,
2004). Boro rice dominates and the flood-
affected haor has contributed 15% to 25% of
national Boro rice production (BBS, 2017).
Subsequently, to augment or sustain rice
productivity the use of region specific/rice-
based technology is imperative.

Harvesting rice should be carried out timely
for highest yields. However, acute labor
shortage and increase in wage rates during
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peak season are major constraints (Nath et
al., 2017). In such a context, mechanization,
not least the use of modern agricultural
equipment like combined harvesters 1is
essential. These systems are appreciated
for their high performance, less costly and
reduced labor needs (Huda et al., 2019). They
enhance the recovery of grain by minimizing
losses in harvesting, threshing and cleaning
operations.

Manual rice harvesting is a monotonous,
time-consuming and costly operation which
requires approximately 100 -150 human days
to harvest one ha of paddy land (Hossain et
al., 2023). It has aggravated the shortage of
labor during the peak agricultural period and
led to reduction in the extent and level of
rice production. To cope with this problem,
combine harvesters present an automatic
process to reduce the cost of production and
increase worker performance (Alizadeh and
Allameh, 2013). The Combine harvester is one
of the important solutions to labor shortage
for harvesting paddy and there exists an
acute need in Bangladesh, where emergency
solutions are immediately required (Nath et
al., 2022). This is a fully functional robot
system that provides superior practicality,
significantly reduced labor requirements and
significant time savings from one-by-one
collection. The speedy adaptation of modern
mechanical harvesting such as combines
and Mini combines, reapers among others
has become an urgent need (Nath et al,
2022). These methods reduce the time,
manpower, investment and natural demand
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for labor and save harvesting losses. They
further raise cropping intensity and crop
yield and thus, contribute to the economic
empowerment as well.

A review of the literature constitutes the
basis for current study. Here, we have
made a substantial effort to review previous
studies. Islam er al. (2022) assessed the
technical and financial performance of small
combine harvester to solve natural disaster in
haor region of Bangladesh labour scarcity.
Baishakhy et al. (2020) also found that the
effectiveness of the harvesting machines
reduces the possibility of loss of produce
to untimely harvesting. Islam et al. (2022)
reported the diverse use of harvester in
the haor areas depending on their size and
weight. Day et al. (2022) reported that not
all farmers have effectively adapted to this
technology as it is still at its initial stage.
Uddin and Dhar et al. (2018) studied attitudes
of farmers for positive mechanization and
significant resistance because of know-how,
education. Nath ef al. (2021b) observed that
high cost of machineries and non-availability
of loans are the key constraints in adoption of
harvesting machinery. Rahman et al. (2022)
evaluated that farmers are using harvesters
with the advice of extension services helping
them to take a sound decision. Malanon
and Pabuayon, (2022) reported that higher
educational attainment, income level,
bigger farm size, and availability of lowland
irrigation are significant determinants on the
adoption of rice combined harvester. Raji et
al., (2024) found out that training, extension
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visit, market information, access to credit
and group membership are determinant of
farmers’ adoption of combine harvesting
and modern technology. Roy et al. (2024)
noted that irrigation related problems, land
fragmentation and flooding in case of haor
basin work as a bottleneck of combine
harvesting and low productivity for increasing
the problem that already facing by the poor
farming community. Kabir et al. (2020)
found that combined harvesting in haor areas
was hindered by limited machine availability,
labour dependence and COVID-19 related
health risk, affecting timely harvesting and
workforce participation.

While the technical performance, economic
viability and challenges of operation of
mechanized harvesting have been addressed
to some extent by several studies conducted
in Bangladesh’s haor regions. Most of the
studies are confined only within the domain of
efficiency implications or economic impact of

combined harvester. Only marginal mention
has been made of the behavioral determinants
and perceptions of farmers affecting their
adoption in general, given this different
ecological and socioeconomic context of the
haor basin. Furthermore, previous research
did not holistically consider how education,
training, credit access and institutional
support together influence uptake decisions
in these inundated landscapes. There is
also minimal literature on the transition
from traditional threshing to full master
mechanized harvesting and why adoption
may not be as widespread despite support by
government and private sector. Thus, there is
an empirical knowledge gap in understanding
the influence of socioeconomic conditions,
institutions and environmental factors towards
their perception and adoption behavior on
mechanized harvesting technologies within
haor areas. This study fills that gap by
supplying micro-level evidence of adoption

determinants and perception dynamics based

Table 1. Distribution of sample size in the study areas

Districts Upazilas Unions Villages No. No. of farmers
Govindoshree ~ Govindoshree, Kadamshree 30
Madan . 60
Netrakona Madan south madan, Fochika 30
Khaliajuri Mendipur Ichapur, Mendipur 30 60
Tahirpur Tahirpur Tahirpur, Sujjergao 30 60
Sunamganj Selbarash Bogarpachur, Singpur 30
Dharmapasha 60
Dharmapasha Atkapara, Noagao 30
Itna Betega, Ershadhnogor 30
Itna o . o 60
) ) Boribari Diyarkandi, Shimulbak 30
Kishoreganj . . . .
. . Mithamoin Borohati, Sorkarhati 30
Mithamoin o ) o 60
Gopdighi Katiapara, Bogadighi 30
Total sample size 360
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on field-level data in three extensive haor
districts from Bangladesh. So, this study was
conducted on the ground of the following
specific objectives to : i) assess the awareness
of the farmers about combined harvesting in
haor regions, ii) identify adoption drivers of
combine harvesters, and iii) investigate the
challenges of combined harvesting in haor
regions.

Materials and Methods
Study areas and sample size

Three significant 4aor districts in Bangladesh
Sunamganj, Kishoreganj and Netrakona

representingthe mainrice-growingecosystems
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in the area were the sites of the research. In
order to ensure representativeness across a
range of agroecological and socioeconomic
circumstances, a multistage random selection
technique was used. Based on the extent of
mechanized rice harvesting, two upazilas
were purposefully chosen from each district
after consulting with the Department of
Agricultural Extension (DAE).

Two unions were selected from each upazila
and two villages were randomly selected for
household surveys within each union, for a
total of 20 villages throughout the research
region. The sample size is calculated as
the following and the total number of farm

HESO'OYE ROSFO'E 9O09FOUE 9 1500YE . S2Y000E
1 1 1 1 1

| i

TN

BANGLADESH

GEN

i

District

b1

| ishersgary [ Sunampani — Netrakona

&

40 0 80 150 240
SH=N— ——

Z0°M07N Z150TPN 2279000 235NN 245 0N . 25504

3zo
ligna

20°00"N Z1P0°N 22400°N 2500ON 24°000N 25T00N 26000

T T T T T
HEP''E BYAFOCE 909F0"E 91°00°E $2U000E

[y
1

IIEETIR
Il

PER iy
1

2FIN MOS0

NETRAKONA

130N 25100

Upazila
">__) Madan

“ Khalizjuri

240N 24°5F0H

E - . ]
XM

i

L

YTOUE
1

23RN

247N 247I00CN 25411

1 SUNAMGANI

1

BT =T 1kM™

Sl

Upazila
- Dharampasha
% Toenirpur

kN

LA ATIICR, 2RI 2

bR 1 Moo

T
CIRCT FIVVE
|

TEWNH 247300

24MUN

KISHOREGANE .

400N 247300N

Upazila
“ Itna
A7 Mithamaln

H4MUEN

ST

FIg. 1. Map of the study area



244 An empirical study of combine harvesting on boro rice farming

households is 6000. The conventional formula
(Kothari, 1990) was used to get the sample
size of 361 based on a 95% confidence level
and a 5% margin of error:

z°pqN

One incomplete example was eliminated,
leaving 360 study.
conducted with 360
sample farmers (239 adopters and 121 non-
adopters) in order to compare the adoption
of combination harvesters and its impacts
on farm performance. This made sure that
the sample had a proportionate amount of
each category. From November 2023 to June
2024, respondents were asked to complete a
structured questionnaire in order to collect
primary data. Focus group discussions (FGDs)
were employed to evaluate the accuracy of
the data.

responses for the

Interviews were

Analytical techniques

Descriptive statistics: To determine the
socioeconomic level of the farmers and
address their farming practices, descriptive
statistics such as sums, averages, percentages,

etc., were computed.

Likert Scale: A 5-point Likert scale was
used to examine the adoption of combined
harvesters in haor areas. Respondents were
asked to indicate the degree to which they
agreed with the item’s point of view using
a 5-point Likert scale (Ahmed et al., 2022).

Each of the seven statements was assessed
using a 5-point Likert scale, in which
responses were assigned weights to reflect the
degree of agreement: Strongly disagree (—1),
Disagree (0), Neutral (1), Agree (2), and
Strongly agree (3). Higher scores indicated
stronger levels of agreement and concern
among farmers regarding the respective
statements. The mean score of each statement
was also estimated by applying the perception
index. Based on the agreement level, each
statement’s perception index has been ranked
in order (Vortia et al., 2019).

Logit regression model: The Binary Logistic
Regression Model (BLRM) is employed to
analyze the influence of independent variables
on farmers’ adoption of combined harvesters.
This method enabled us to evaluate the extent
to which independent variables impacted the
likelihood of adopting mechanized harvesting
(Hosmer et al.,1989; LaValley et al., 2008).
According to Kundu et al. (2024) the model
was chosen for this study because it avoided
linear interactions with the explanatory
variables and ensured that the estimated
probability ranged between 0 and 1. As stated
below, the cumulative logistic distribution
function serves as the basis for the model.

Pi=E(y=Xii)a+/31 ................................................ @)

Pi=E<Y=%>a+L ......................................... 3)

Where, Pi = Probability of willingness to
adopt mechanized harvesting.
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The log of odd ratio or logit is
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{The probability of willingness to adopt mechanized harvesting}

Logit (Z;)) =

For ease of exposition

{The probability of unwillingness to adopt mechanized harvesting}

_a+ﬁle+UL

ZiorYi=a+,31X1+,82X2 +,83X3+ +ﬁan+Ul ......... (4)

A dichotomous response variable, Y.
(dependent variable), is required to obtain
Z.. In the Binary Logistic Regression Model,
the dependent variable represents farmers’
adoption status, coded as 1 for adopters of
combined harvesters and 0 for non-adopters,
reflecting the binary nature of the response
variable. To evaluate the willingness to adopt
mechanized harvesting, the model included
eight explanatory variables. These were the

explanatory variables that were specified:

X, = Age of household head (years);

X,= Educational level of household head
(years of schooling);

X, = Family size (no.);

X, = Farm size (ha);

X, = Tenure status (Dummy = 1 if Household
owns the land; 0 = Otherwise);

X~ Cultivation  frequency  (Dummy
variable: 1 if household cultivated two
crops in a year; 0 otherwise);

X,= Off farm income (Dummy = 1 if the
farmer participates in off-farm income-
generating activities; 0 otherwise);

X~ Group membership (Whether the
household joined in any farmer group:
1 = yes, 0 = otherwise);

X,= Market information (Dummy = 1 if the
household had market information, 0 =
otherwise);

X, ;= Access to credit (Dummy = 1 if farmer
accessed credit; 0 otherwise);

X,,= Access to training (Dummy = 1 if the
head of the family farm has attended
any technical training, 0 otherwise);

X,,= Extension services (Dummy = 1 if
farmer accessed extension service; 0
otherwise).

U= error term.

According to Gujarati (1995), the following
expressions obtained from the logit model
were used to estimate the elasticity of the
likelihood of adopting mechanized harvesting
or the marginal probabilities of factors
influencing that willingness:

dp

E == BL{PL(]‘ - Pl)} ............................ (5)
Ep=ﬁl'Xi(1_Pl') ............................. (6)
Where, B, = estimated logit regression

coefficient concerning the i" factor; P, is the
estimated probability of farmers’ adoption
status; )_(i is an arithmetic mean; and Ep is the
elasticity of the probability of willingness to
adopt the mechanized harvesting method.

Results and Discussion

Socioeconomic  characteristics of the
respondents
Socioeconomic  characteristics of  the

respondents in haor areas are presented in table
1. The majority of respondents were in their
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Table 2. Socioeconomic Status of the Respondents

Variables Mean Std. dev. Min Max
Age 43.811 9.696 25 68
Education 5.100 2.801 0 17
Family size 6.164 2.080 2 12
Farm size 1.390 0.962 0.06 7.34
Tenure status 0.747 0.435 0 1
Cultivation frequency 0.506 0.501 0 1
Off farm income 0.422 0.495 0 1
Group membership 0.622 0.486 0 1
Market information 0.461 0.499 0 1
Access to credit 0.456 0.499 0 1
Access to training 0.636 0.482 0 1
Extension services 0.533 0.500 0 1

Source: Author estimation, 2023-2024.

economically active phase and had sufficient
agricultural experience, as evidenced by the
farmers’ average age of 43.81 years. The
respondents had, on average, completed
primary school, as shown by their mean
education level of 5.10 years, which may
have affected their capacity for accepting and
understanding advanced farming methods.
The average family size was 6.16, which is
indicative of a somewhat larger household
structure observed in Bangladesh’s rural
districts. The majority were smallholder
farmers with little cultivable land, as seen
by the mean farm size of 1.39 hectares, with
lowest and maximum farm sizes ranging from
0.06 to 7.34 hectares. About 74.7% of the
respondents were farmers who owned their
land, and 50.6% cultivated their holdings more
than once a year, according to institutional
and socioeconomic characteristics. Off-
farm earnings contributed around 42.2% of

the total, which might help with financial
stability and income diversity. About 62.2%
of the farmers were found to be members
of a group, indicating their participation in
community social or cooperative groups
that may promote information exchange and
cooperation. A total of 46 percent had access
to formal credit facilities, and 46% had
access to market information. Additionally,
53.3% of respondents got extension services
and 63.6% of respondents took part in
training programs, indicating an acceptable
level of institutional support in the research
region. Overall, the statistical results show
a farming community with middle-aged,
somewhat educated smallholders who have
sufficient resources but considerable access
to informational and institutional services
that are two important factors that influence
the adoption of mechanized harvesting.
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Major farming systems in haor areas

In the study area farmers used to practice
variety of farming system. This study found
seven major farming systems among the
respondents. These include crop-livestock-
poultry-fish catching (C-L-P-FC), crop-
livestock-poultry (C-L-P), crop-livestock-fish
catching (C-L-FC), crop-poultry-fish catching
(C-P-FC), crop-livestock (C-L), crop-poultry
(C-P) and crop-fish catching (C-FC). The
most common farming system is crop-
livestock-poultry. It is practiced by 36.7% of
the respondents. Other prominent systems are
crop-livestock, crop-poultry, crop-livestock-
poultry-fish-catching and crop-fish catching.
They are chosen by 23.6, 14.4, 13.1, and
5.3% of respondents. In addition, 4.4 and
2.5% of respondents use crop-livestock-

fish catching systems and crop-poultry-fish
catching systems, respectively (FIg. 2 and
appendix Table 2). The findings indicated that
Boro is the main crop of the farming system
as the land in these areas is covered in water
for long time and there exist less variation in
farming system (Ali et al., 2018).

Status of farm mechanization in haor areas

Results presented in Table 2 reveal household
level farm mechanization between 2018-
19 and 2023-24 reveals a heterogeneous
pattern across different farming operations.
Land preparation, pesticide application,
and irrigation remained fully mechanized
throughout the study period, indicating
sustained technological integration in these
stages. In contrast, operations such as planting,
weeding, and fertilizer application continued
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Table 2. Status of farm mechanization in Aaor areas

Percentage of farmers

Farming operation

Before (2018-19)

Present (2023-24)

Land preparation
Planting

Weeding

Fertilizer application
Pesticides application
Irrigation

Harvesting

Threshing

100 100
0 0
0 0
0 0

100 100

100 100
0 92

100 14

Source: Field survey, 2023-2024.

to rely entirely on manual labor, reflecting
persistent mechanization gaps. According to
the study of Rahaman et al.( 2018) planting
and weeding rice in Bangladesh’s haor regions
primarily involves human labor rather than
machines. Significant progress was observed
particularly in the case of mechanization of
harvesting from no use (0%) in FY 2018-
19 to 92.0% in 2023-24, indicating rapid
The
combined harvesters was primarily driven
by GoB support, since in 2020, the MoA
provided machines to facilitate harvesting

technological uptake. adoption of

Boro paddy as the labor force was limited due
to the pandemic (Kabir ez al., 2020). This was

Table 3. Rice harvesting systems in haor areas

in contrast with the mechanized threshing
which fell from 100 to 14% between these
two periods, indicating a fading importance
for mechanized threshing compared either to
operational preference or constraints that were
coming at play in both periods Mechanized
harvesting in haor region is getting more
preference over traditional threshers because
whole-feed combine harvesters offer higher
efficiency, reduced losses, and greater
profitability, particularly in larger fields.
(Islam et al., 2022). According to the study of
Rahaman et al.( 2018) planting and weeding
rice in Bangladesh’s haor regions primarily

involves human labor rather than machines.

Particulars

Number of respondents

Percente of respondents

Combined harvesters 239 66
Reapers 6 2
Manual harvesting 115 32

Source: Field survey, 2023-2024.
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Table 4. Participation in training related to combined harvesters

Adoption rate Adoption
oo Duration Trained . Untrained rate among
Study areas  Institutions Purposes among trained .
(days) farmers . farmers untrained
armers
farmers
Netrakona Provide training about combined
=120 DAE 1 harvester and its” parts 75(62.5)  71(94.7)  45(37.5) 24(533)
Improvement of the livelihoods
Sunamganj ~ SCBRMP: of rural communities and the
n=120 Local NGOs > introduction ~ of  combined 4 (#) 39(712.2) 66(53) 31(46.9)
harvester
Kishoregan Help to ensure farmers can
gan DAE, DAOC 3 effectively operate and maintain 91 (75.9)  70(76.9)  29(24.1) 13 (44.8)

n=120 the equipment.

Source: Field Survey, 2023-2024.

This reflects traditional agricultural methods
and farmers’ preference for manual labor over
mechanization. Besides, rice transplanting
and weeding in the haor areas of Bangladesh
is mainly conducted by human labor as
reported by Rahaman et al. (2018). This is in
line with the usual traditional way of farming
that farmers prefer manual labor to machine.

Rice harvesting systems in haor areas

The Table 3 shows the distribution of rice
harvesting system in the haor regions. Result
presents that about 66%(n=239) surveyed
farmers used combined harvesters which
suggest heavy reliance on mechanization.
Manual harvesting, on the other hand,
remained substantial and employed 32%
of respondents (n = 115), indicating further
dependence on labour intensive traditional
methods. Reapers were employed to a limited
extent (2% of'sample size, n=6), showing poor
adoption for this mid-harvest mechanization.
These results emphasize the prevalence of
mechanized harvesting in spite of continued
manual practices in some regions.

Participated in training related to combined
harvesters

Table 4 presents the training interventions on
combined harvester usage across three study
areas. In Netrakona, 120 farmers were given
a day’s training on the working procedure
of a combined harvester by Department of
Agricultural Extension (DAE). The adoption
level recorded on technology was 94.7%
for trained farmers and 53.3% for untrained
farmers. In Sunamganj, a five-day training
programme arranged by SCBRMP along with
local NGOs was conducted to promote rural
livelihood and introduce new technology
like combined harvester. Adoption among
the trained farmers was highes (72.2%),
while that of untrained farmers was 46.9%.
In Kishoreganj, 120 farmers participated
in a three-day program organized by DAE
and DAOC to enhance operational and
skills for the
Adoption rates were 76.9% for trained

maintenance equipment.

farmers and 44.8% for untrained farmers.
Overall, the results indicate that targeted
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training significantly enhanced the adoption
of mechanized harvesting technologies.

Note: The figures in parentheses denote
percentages
sample of each district for both trained and

derived from the whole
untrained farmers, whereas the adoption rate
percentages indicate the proportion of farmers
who adopted combined harvester within each
category.

Farmers’ perception about the adoption of
combined harvesting

Thisstudyrepresentstherespondents’ opinions
in the haor areas about various aspects of
mechanized harvesting which is represented
by figure 3 and appendix table 2. They agreed
that ‘Mechanized harvesting reduces the
labor required for farming activities’ is the

most important indicator and has the highest
perception index, which is 543. Mechanized
harvesting reduces production costs is in the
second position with the perception index of
522. The perception index of third-ranked
is 506, which is ‘Mechanized harvesting
‘Mechanized

harvesting improves living standards’ and

increases food production’.

‘Mechanized harvesting decreases poverty’
are ranked fourth and fifth, respectively, with a
perception index of 479 and 437. On the other
hand, ‘Mechanized harvesting saves time’ is
sixth in position, and the perception index
is 373. Finally, ‘The cost of purchasing and
maintaining harvesters are affordable’ is in the
last position, with a perception index of 357.
This rating indicates that though respondents
recognize that mechanized harvesting saves a
lot of labor and time, they are still concerned

Reduction of labor
requirements

7
6
5
4
3
2

The decrease in
poverty

Improvement in living
standards

Reduction in
production costs

Harvesters are
affordable to maintain

An increase in food
production

Time saved by using
harvesters

FlIg. 3. Radar diagram showing farmers’ perceptions toward the adoption of combined harvester
Factors affecting the adoption of combined harvesters in haor areas
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Table 5. Logistic Regression of factors affecting the adoption of mechanized harvesting and

marginal effects estimations

Mechanized harvesting Coefficient std. err. dy/dx Delta-method std. err.
Age -0.117 *** 0.019 -0.013 #** 0.002
Education 0.183 *** 0.065 0.02] *** 0.007
Family size 0.136 0.083 0.016 * 0.009
Farm size 0.336 0.303 0.039 0.035
Tenure status 0.130 0.487 0.015 0.056
Cultivation frequency 0.150 0.390 0.017 0.045
Off farm income -0.592 0.396 -0.068 0.045
Group membership 1.419 *** 0.330 0.163 *** 0.034
Market information 0.759 ** 0.378 0.087 ** 0.043
Access to credit 1.377 *** 0.342 0.158 #** 0.036
Access to training 1.867 *** 0.333 0.215 #** 0.031
Extension services 0.741 * 0.404 0.085 * 0.046
_cons 0.442 1.028

Number of observations = 360
Pseudo R2 =0.431
Log likelihood = -130.784

LR chi2(12)=198.1
Prob > chi2 = 0.000

Source: Author estimation, 2023-2024.

Note: *** and ** indicates significant at the 1% and 5% probability level, respectively.

about the expenditures involved in adopting
new technologies. Many previous studies
support the findings. Bautista et al. (2017)
identified that most farmers who responded
acknowledged that farming would be easier
with
technology for growing rice must be adopted

agricultural ~mechanization. New
and human resources would be replaced by
machinery. Vortia et al. (2019) stated that
some farmers have expressed concerns about
the cost of production associated with using
machinery. However, they believed it may
reduce profit margins despite acknowledging
the time-saving benefits of mechanization.

Ghosh et al. (2023) explained that most

farmers understood modern technologies’
importance. Many of them agreed that
maintaining an environment that is suitable
for agricultural output requires the use of
these technologies.

Table 5 presents the estimated coefficients
and marginal effects from the logistic
regression model examining the determinants
of combined harvesters’ adoption among
farmers in the haor areas. The model is
statistically significant, with a pseudo-R?
of 0.431, indicating a good overall fit and
explanatory power for cross-sectional data.

Among the variables, age shows a negative
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FIg. 4. Average marginal effects of variables on combined harvesters’ adoption

and highly
adoption at 1% statistical level, implying

significant relationship with

that younger farmers are more likely to adopt
mechanized harvesting than older ones and
this study is align with Biam et al. (2020) who
explained that older respondents negatively
impact farm mechanization adoption,
indicating that the older respondents have
less interest in adopting mechanization.
In contrast, education has a positive and
significant effect at 1% level, suggesting
that higher educational attainment enhances
farmers’ understanding of and confidence
in the adoption of combined harvesters and
this finding is supported by Barman et al.
(2019) who showed that farmers with higher

education are more likely to adopt modern

machinery, implementing different kinds of
farming work. Family size exhibits a positive
sign, indicating that larger households may
provide additional labor and support that
facilitate adoption of combined harvesters.
Some variables like farm size, tenure status,
cultivation frequency, and off-farm income
were not statistically significant, implying
limited influence on adoption decisions in
this context. Group membership exhibited a
highly significant positive relationship at 1%
level, suggesting that participation in farmer
organizations or cooperatives substantially
enhances the likelihood of adoption of
combined harvesters. Memberships facilitate
peer learning, collective decision-making

and exposure to modern farming practices,
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thereby reducing uncertainty and fostering
confidence in using machinery and this study
is align with Walker ef al. (2024) who found
that group membership was strongly and
positively linked to education, household
income, and broader socioeconomic
conditions across countries. Access to market
information which is significant at 5%
level which positively influences adoption
decisions. Farmers who receive timely and
reliable information about input prices,
service availability and machine rental
opportunities are more capable of making
informed choices regarding the adoption
of harvesting machinery. This research is
compatible with Fan and Garcia, (2018)
who found that access to market information
smallholder farmers’

positively  affects

participation in markets, as knowledge

about crops and land conservation boosts
productivity

and encourages commercial

Waterlogged and soft soil conditions
Uneven land surface

High moisture and early rainfall risk
Limited field accessibility

High maintenance requirements
Small, fragmented plots

Fuel inefficiency and mechanical wear

High purchase cost

Seasonal underutilization
Inadequate extension support

Constrtaints of combine harvester use

Limited credit access ¢
Low custom-hiring availability ©
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engagement. Kundu et al. (2025) found that
market access positively affects outcomes,
but its impact is smaller than that of credit,
training, or agricultural specialization.

Access to credit is significant at 1% level
and indicates financial support significantly
increases adoption probability. Access to
formal or informal credit allows farmers
to overcome liquidity constraints, enabling
them to rent or purchase machinery and
bear associated operational costs. Access to
training is positively significant at 1% level
and implies that participation in training
programs enhances farmers’  technical
knowledge and operational skills influence
adoption decisions. Lastly, extension services

is significant at 10% level also positively

affect adoption, underscoring the importance
of frequent contact between farmers and
agents.

extension Effective  extension

63

36
46
53
80
15
80
A 91

Poor coordination among agencies
Reluctance among traditional laborers
Lack of awareness and demonstration

88
34
60
66
24
35

% of the responded

FIg. 5. Constraints in use combine harvester
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communication disseminates information
about modern machinery, demonstrations,
and technical support, ultimately promoting
(2021)

also found that training helps to influence

adoption behavior. Aryal et al

knowledge, attitude and perception, which
control the decision of the farmers as to
whether or not to adopt farm machinery. They
can rent farm machinery because of credit
facilities. The extension services increase the
respondents’ awareness.

Constraints to combined harvester usage in
aor Areas

The adoption and efficient use of combine
harvesters in the haor regions of Bangladesh
face several technical,
socioeconomic challenges, as reported by
farmers. The findings are illustrated in F
5 and appendix Table 3. Access to credit
is a vital problem in the study areas. As
indicated by 91% of respondents, Majority
of the respondents (91%) cannot purchase
or rent combine harvesters for want of soft
loans or favourable credit system. Relatively
high prevalent interest rates and other
complexities held by financial institutions
also deter investments in mechanization,
which is compatible with the result of
Khan et al. (2024), who observe that the
little access to formal credit, together with
high interest rates and stringent collateral

institutional and

requirements limit farmers’ capacity to invest
on combine harvesters, thus slowing down
the adoption of combined harvesters. About
88% of the respondents replied on the lack
of offer on custom hiring services. Most

farmers simply do not have the capacity to
purchase individual harvesters, renting them
on a shared basis instead. Limited number
of service providers, logistics’ weak service
lines also limit the effective availability in
harvesting peak seasons and cause delays and
damage to harvest. This is consistent with the
findings that the shortage of Custom Hiring
Centers (CHC) at peak time leads to reduced
availability of combined harvesters and hence
losses for farmers using rental harvesters as
reported by Kisku and Singh (2022). Besides,
high purchase cost (80%) is one of the major
challenges in the study areas. Combine
harvesters are too costly to purchase by the
small and medium farmers for use, especially
in the haor (wetland) region. Farmers find it’s
too expensive to do without financial help or
shared ownership models. This result is in line
with the study conducted by Kabir et al. (2020)
who reported that more machines are needed
for timely Boro harvesting in haor regions
but the high cost of combine harvester is the
most important limitation especially for the
financial constraints without any credit access
or leasing option to get combined machine
shared ownership. An equal number (80%)
of farmers identified land fragmentation as a
serious constraint. The scattered and irregular
distribution of farm plots do not allow
proper use of heavy machinery, e.g. combine
harvesters. It is operationally unfeasible
due to structure and increases time and fuel
ha!. Our study is in line with the report by
Zheng et al. (2023) who found that the land
fragmentation increases labor and operational
costs, limiting machinery usage, and hence
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force farmers to decrease cropland cultivation
area or increase the whole production cost.
A lack of coordination between agricultural
departments, machinery suppliers and local
government was cited by roughly two-thirds
(66%) of the farmers. Disintegration amongst
these stakeholders
distribution pockets, absence of aftercare

leads to machinery
and awareness programmes, all inhibits
mechanization pace. The study agrees
with Islam et al. (2022) who reported that
lack of coordination between agricultural
agencies and service providers is an obstacle
to the implementation of technology and
dissemination of information, which thereby
impedes mechanisation in Bangladesh.

Water logging and soft ground were reported
as environmental limitations by 63.0% of
the respondents. The constraint is consistent
with Kundu et al. (2022) as both indicate that
frequent waterlogging, ‘soft’ and unstable
ground, and late field opening due to water
stagnation severely constrain crop cultivation
and mechanized harvesting in the chars
of Bangladesh. More than half (60.0%) of
farmers mentioned ineffective extension
and technical support. Inadequate training,
demonstration and communication with the
agriculture officials doesn’t allow farmers to
fully appreciate or make most of combined
harvesters. The restriction is compatible
with the result of Khatun er al (2014)
since both claim that inadequate training of
farmers, poor advisory services and low-level
communication with institutions affect the

farmer’s knowledge, adoption of agricultural

Ann. Bangladesh Agric. 2025. 29(2).84260 255

innovations and access to credit facilities.
The maintenance costs and mechanical
failures were high among farmers (53.3%).
Scarcity of spare parts and trained repairmen
raises downtime and costs, which discourage
frequent machine use. Results of the study
agree with those of Pagare et al. (2019), who
found that increasing maintenance and repair
costs shorten the economic lifetime of tractors,
which impacts farmers’ decisions concerning
machinery management and replacement.
Nearly half percent (46%) of the farmers
responded on Restricted access to fields by
small embankments, no roads and bad soil
layout. Such infrastructural limitations hinder
the mobility of the machine, in particular for
remote or island-bound villages. This finding
is coincident with Abirami et al., (2023) who
concluded that the insufficient structures-
like narrow gullies, bad roads, uneven fields
etc. limit machine mobility and adversely
affect farm mechanizing. As many as 35.8%
say high crop moisture and untimely rain
delays harvesting plans. Combine harvesters
work inefficiently in wet weather conditions,
resulting in damage during grading. This work
is similar to that in Chandra et al. (2024),
high crop moisture and early rainfall disturb
harvesting leading to post-harvest losses and
reducing quality and quantity of the crop.
35% of the farmers reported on awareness
and demonstration opportunities. Many
farmers remain unfamiliar with how combine
harvesters operate or the potential benefits,
leading to hesitation and misinformation. The
constraint aligns best with Khandoker et al.
(2016) because both highlight that limited
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farmer training, inadequate demonstrations,
and low awareness of improved practices
restrict productivity and technology adoption
in agricultural production. Besides some
farmers34% also mentioned Concern
about seasonal underutilization. In short
harvesting seasons, machines stand idle for
most of the year and are less cost-effective
as a result; this acts as a deterrent to long-
term investment. This supports Ruiz-Garcia
(2023), who observed that underuse of
combine harvesters during the dry season
makes it economically less viable for farmers
to invest in such expensive equipment. About
24% of farmers indicated opposition from
traditional farm workers who are worried
about job displacement. The social barrier
discourages some smallholders to desist from
taking up mechanization due to the need for
community peace. This work is comparable
to Bantelay ef al. (2019), it is considered that
resistance from the traditional laborers whom
were afraid of job loss serves as a social
obstacle to mechanization in smallholders
farms in Ethiopia. A smaller portion (15%) of
respondents cited fuel inefficiency and rapid
mechanical wear as operational concerns.
These problems contribute to higher running
costs and lower profitability, especially
when maintenance expertise is limited. This
study aligns with Kareem et al. (2019),
who found that 15% of farmers faced fuel
inefficiency and mechanical wear, raising
operational costs and reducing profitability
where maintenance skills were limited. The
lowest number (7%) of farmers responded

uneven land surfaces, while some places have

already been levelling their lands. However,
it still locally faces the challenges in some
haor areas because of soil undulation which
makes machine balance and performance
course. This is in agreement with Bokhtiar et
al. (2024) stated that irregular terrain land in
haor areas affect machine performance and
productivity, even though leveling of the land
have mitigated this problem to some extent in
certain regions.

Conclusion

This paper evaluates farmers’ perceptions and
the determinants for adoption of mechanized
harvesting technologies in Haor ecosystem of
Bangladesh, particularly combined harvesters
during Boro rice season. The results indicated
that the mechanical harvesting is most widely
adopted because of its saving in labor, timely
nature and to minimize post-harvest losses.
However, the adoption process is patchy
due to high cost of machines, low access to
credit, poor custom-hiring arrangement and
lack of training / extension services. The
outcomes of the logit model showed that
education, access to credit, training, group
membership and contact with extension agent
were significant predictors for adoption and
they had a positive effect while age appeared
to have a negative effect. Despite the apparent
advantages, mechanization in haor regions is
constrained by structural and environmental
barriers such as inadequate credit access, low
custom-hiring availability, high purchase
price and small land fragmentation. It is
suggested that the Bangladesh Bank and
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banks lend off-season credit for machinery
purchase. The DAE, BRRI and NGOs
involved in farming should continue to ensure
training and extension services for improving
the farmers’ skill on farm mechanization.
Farmer cooperatives and local government
institutions would be encouraged to organize
cooperative ownership of the machines
or custom-hiring arrangements, while the

Ministry of Agriculture will plan, coordinate,
monitor and issue incentive policies for the
promotion of mechanization in haor areas.

Acknowledgments: The authors truly
appreciate the participants and study area
stakeholders for their cooperation and support
in conducting surveys and gathering data and
information.

Farming systems (FS) Percentage (%) of farmers
Crop-livestock-poultry-fish catching (C-L-P-FC) 13.1
Crop-livestock-poultry (C-L-P) 36.7
Crop-livestock-fish catching (C-L-FC) 4.4
Crop-poultry-fish catching (C-P-FC) 2.5
Crop-livestock (C-L) 23.6
Crop-poultry (C-P) 14.4
Crop-Fish catching(C-FC) 5.3

Source: Author estimation, 2023-2024.

Appendix Table 4: Multicollinearity test (VIF)
Variable VIF 1/VIF
extension 1.61 0.620
Off farm income 1.56 0.641
Cultivation frequency 1.5 0.665
Tenure status 1.47 0.681
Farm size 1.42 0.706
Market information 1.26 0.791
Access to training 1.2 0.834
Access to credit 1.18 0.845
Age 1.11 0.897
Group membership 1.11 0.898
Education 1.08 0.925
Family size 1.06 0.946
Mean VIF 1.3

Source: Author estimation, 2023-2024.
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