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Abstract
Over the last three decades, few studies have been conducted to tackle the complex-
ity and heterogeneity of Bangladesh farming systems. We address these research 
gaps with a new survey. Accordingly, a survey was conducted in North- Western 
Bangladesh to understand how socio- economic traits influence technology adoption 
and to identify and characterize key farm types. The survey was based on farm house-
hold characteristics, farm structure, farming practices and livestock as well as the 
economic performance of the farm. Principal component analysis (PCA) and cluster 
analysis (CA) were used to establish the different farm typologies, and the data set 
based on 27 variables was carefully analysed. The findings confirmed that the key 
variables that significantly affect the adoption of new agricultural technologies relate 
to age, farming experience, level of education of the household head, income, ac-
cess to markets, land ownership, the proportion of hired labour, savings, food self- 
sufficiency and income from off- farm activities. Four main farm types were identified 
in the study area based on resource endowment and livelihood orientation. These are 
(1) well- resourced farmers entirely dependent on agriculture and less reliant on off- 
farm activities; (2) moderately resourced households, which are headed by an older 
male with greater farming experience and which are engaged in both on- farm and 
off- farm activities; (3) resource- constrained households with cattle as the main live-
stock and with income generated by the sale of livestock products; and (4) severely 
resource- constrained households which are headed by young farmers/men and where 
income is generated by off- farm activities. These four farm categories represent the 
heterogeneity of farms in North- West Bangladesh, and it is hoped that the develop-
ment of this farm household typology will help particularly the extension service, to 
set up appropriate extension advice that will benefit the farming community.

K E Y W O R D S
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1 |  INTRODUCTION

Bangladesh has a primarily agrarian economy and, with a 
population of over 165 million, is one of the most densely 
populated countries in the world. The population is still 
rising by 1.4% every year (BBS, 2017), and agricultural 
land is rapidly shrinking at a rate of 1% per year due to 
unplanned and uncontrolled urbanization and industrial 
development (Ahmed, 2013). The land/person ratio of the 
country is less than 0.05 ha capita- 1 (Huq et al., 2013), and 
this continues to decline due to rapid population growth 
that could lead to food insecurity for the growing popula-
tion in Bangladesh (Roy et al., 2019). In order to achieve 
food self- sufficiency, a wide variety of technological and 
policy solutions have been developed such as introducing 
drought and saline tolerant crop varieties, increasing irri-
gation facilities, promoting farm mechanization, ensuring 
the supply of good quality and high yielding seed variet-
ies, optimizing the use of fertilizer and adopting integrated 
pest management (Bangladesh Economic Review, 2017). 
Unfortunately, the use of these modern technologies has 
not increased sufficiently due to the slow rate of adoption 
(Faruque et al., 2018; Karim et al., 2017; NAP, 1999). Lack 
of interest on the part of farmers is often cited as a reason 
for this. For example, most Bangladeshi farms do not fol-
low the recommended guidelines on soil testing and the 
use of fertilizer (Daily Star, 2016). They rely mostly on 
traditional farming practices tacitly acquired through expe-
rience and knowledge passed down from one generation to 
the next (Mondol, 2010; Rahman & Zhang, 2018).

Research into the development of farming systems is 
hampered by global scale evaluations that under- perceive and 
undervalue local complexities and diversity, and this results 
in deterministic policy frameworks. Such inflexible policies 
for the development of the agricultural sector have proved 
to be ineffective (Chang, 2012). It is, therefore, crucial to 
design technological and policy interventions that target the 
diverse and spatially heterogeneous smallholder farming sys-
tems in order to address the pervasive constraints of that re-
gion. The foregoing literature suggests that few studies have 
been conducted to tackle the complexity and heterogeneity of 
Bangladesh farming systems and to formulate effective strat-
egies and policies (Jabbar, 2011).

Farming systems in Bangladesh are highly complex and 
varied in their characteristics related to landholding, soil fer-
tility, cropping systems, livestock assets, off- farm activities, 
labour, the availability of cash and access to credit, socio- 
cultural traits and livelihood strategies. Therefore, it is not 
possible to develop specific recommendations for individual 
farm households, but the farming sector can be grouped into 
different categories with similar socio- economic charac-
teristics so that appropriate recommendations can be made 
(Tittonell et al., 2010). Identifying variability within and 

among farms and across localities is the first step in devel-
oping interventions and policies that might be helpful for the 
adoption of advanced technologies in a farming community 
(Mutoko et al., 2014; Ruben & Pender, 2004).

Farming system typology (FST) is a useful tool to describe 
the diversity of households (Daloglu et al., 2014) and sum-
marize the variability and diversity among different farming 
systems (Alvarez et al., 2018; Kuivanen, Michalscheck, et al., 
2016) and has been used to understand the factors affecting the 
adoption of new technologies (Bidogeza et al., 2009; Daloglu 
et al., 2014). In addition, farm typologies have been used to 
study the adoption of agricultural greenhouses (Kuswardhani 
et al., 2014) and climate- smart technologies (Lopez- Ridaura 
et al., 2018), food security (Lopez- Ridaura et al., 2018) 
and resource use efficiency (Tittonell et al., 2007; Zingore 
et al., 2007) and to identify the potential adopters of alter-
native farming methods (Daskalopoulou & Petrou, 2002) or 
the overall classification of farm categories (Rahman et al., 
2019). It is also very important to gather evidence of how 
a context- specific understanding of the constraints faced by 
farming households in the adoption of new agricultural tech-
nologies could shape future strategies for the introduction of 
innovations. A deeper knowledge of such local scale con-
straints is needed to guide context- specific technological and 
policy interventions directed at sustainable development that 
increase resilience and improve farm incomes (Mwongera 
et al., 2017). Therefore, farm typologies must be studied at 
the level of each household in a village to develop specific 
interventions for introducing new agricultural technologies 
(Rahman & Das, 2019). Where there are clear research aims 
and reliable data exist, multivariate statistical tools can un-
derpin such typologies. Typology development should be 
guided by the aims of the research, the questions which these 
raise and the characteristics of the research area (Duvernoy, 
2000; Kobrich et al., 2003).

Earlier research has been undertaken into the classi-
fication of farm households in Bangladesh. For example, 
Rahman and Das (2019) categorized farming families based 
on the homestead and owned land: i) having no homestead 
or cultivable land; ii) having only a homestead but no culti-
vated area and iii) having a homestead and limited cultivable 
land. Chowdhury (1978) classified farmers into three broad 
categories of class, status and power, based on the owner-
ship of land. Alam and Swapan (2011) classified farms into 
four- landholding sized classes: marginal (<0.4  ha), small 
(0.41– 1.01 ha), medium (1.02– 3.03 ha) and large (3.03 ha). 
Furthermore, the most commonly used classification of 
farm households was carried out by the Bangladesh Bureau 
of Statistics (2017) based on landholdings; farms are clas-
sified as small (<1 ha), medium (1– 3 ha) and large (3 ha). 
Recognizing this farm households’ heterogeneity is an essen-
tial first step in the analysis of potential technological inter-
ventions and policy support (Kobrich et al., 2003).
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There are many studies in the literature which assess 
the factors affecting the adoption of new agricultural tech-
nologies (e.g. Melesse, 2018; Mwangi & Kariuki, 2015; 
Bidogeza et al., 2009; Pilarova, 2018; Priegnitz et al., 2019, 
Mafimisebi, 2006; Dhraief et al., 2018; Obayelu et al., 
2017; Kuswardhani et al., 2014), but all of these were con-
ducted in regions where the farming system, climate and 
agroecology are very different from the north- western re-
gion of Bangladesh. For example, Islam et al., (2020) stud-
ied farmers’ perceptions and adoption strategies in southern 
Bangladesh where the cropping system is different, the soil 
is saline and the climate is relatively humid. Similarly, Haqe 
et al. (2014) explored the adoption of mung bean (Vigna ra-
diata L.) technologies in south- western Bangladesh, where 
new cultivation techniques were not practiced properly by 
most farmers. The reasons for this are unclear, since in- 
depth research on socio- economic factors from the northern 
and north- western regions is lacking (Farid et al., 2015). To 
develop a betterunderstanding of this requires a classifica-
tion of farm households, since the adoption of new agricul-
tural technologies may differ among farm households due 
to differences in socio- economic characteristics (Asfaw & 
Admassie, 2004; Mahapatra & Mitchell, 2001; Milan et al., 
2006; Somda et al., 2004).

Existing research suggests that while many studies have 
been carried out on the process of adoption and the impact 
on farming households of adopting new agricultural technol-
ogies, few studies have been conducted to analyse the fac-
tors common to farm households in relation to the adoption 
of new technology, especially in Bangladesh. Therefore, we 
propose a categorization of farm household diversity based 
on the homogeneity of socio- economic circumstances to 
identify and define farm systems, improving the targeting of 
new technological interventions.

Finally, the present study aims to determine the under-
lying socio- economic factors that influence the decision of 
farmers to adopt modern technologies. The objectives of 
this study are twofold: (i) to identify and characterize farm 
types and (ii) to determine the major factors relating to the 
adoption of new agricultural technologies. This study offers 
important insights for policymakers that could stimulate and 
sustain the adoption of new technology in the study region. 
To achieve our objectives, this study sought to answer the 
following two research questions: (i) which types of small-
holder farms can be identified and which factors drive their 
variability; (ii) which key factors are significantly related to 
the adoption of new agricultural technologies. To answer 
the research questions, we applied multivariate statistical 
techniques, using principal component analysis (PCA) and 
cluster analysis (CA), an approach used in similar stud-
ies (Bidogeza et al., 2009; Kuivanen, Alvarez, et al., 2016; 
Kuivanen, Michalscheck, et al., 2016; Mutoko et al., 2014; 
Sakané et al., 2013; Tittonell et al., 2010).

2 |  MATERIALS AND METHODS

2.1 | Study area

The study area is located in the sub- district of Birganj, part 
of the Dinajpur district in North- Western Bangladesh (25°44 
́N and 88°40 ́E) (Figure 1). The district is located in the Old 
Himalayan Piedmont plan agro- ecological zone (AEZ- 1), 
and the land types are highland (HL; 5%), medium highlands 
(MHL; 37%) and medium lowlands (MLL; 5%), respec-
tively. Under the Köppen climate classification, the climatic 
condition of the North- Western part of Bangladesh includ-
ing Dinajpur district is ‘Cfa’. (Humid Subtropical Climate). 
These areas also experience high temperatures and limited 
soil moisture as well as low and erratic rainfall.

The annual average rainfall in the Dinajpur district is 
1710  mm which mainly occurs during the monsoon and 
varies widely both by season and year. For example, rain-
fall recorded in 1982 was 1,342 mm, while in 2015 it was 
1,965 mm. The average annual maximum and minimum tem-
perature in the region is 35.11°C and 20.28°C, respectively. 
These conditions make the region drought- prone, leading to 
poor crop productivity. Thus, the livelihood of people in the 
area is threatened by climate extremes, particularly drought, 
in the late winter season. This region is also geographically 
vulnerable to natural hazards such as flash floods, heat waves 
and cold spells, which have resulted in increased food short-
age (Barma et al., 2019; Hossain & Teixeira da Silva, 2013; 
Paul et al., 2013). Historically, the regional economy has 
depended on the agricultural sector, with predominance of 
cereal crops, especially rice, as well as other major crops like 
maize, wheat, potato and pulses (Mainuddin et al., 2020). In 
addition to this, aquaculture, the rearing of livestock, poultry 
and off- farm activities provide additional income to the farm 
households in this area.

2.2 | Data collection

A sampling framework was constructed in consultation 
with the relevant local extension personnel, in particular, 
agricultural officers, before the final sampling. A multi- 
stage sampling procedure was used for this study to select 
a research area and sample farmers. A total of 92 farms 
were randomly selected to address the research objective 
as well as to identify the different farm household types 
(Figure 1). Afterwards, a draft semi- structured interview 
schedule was used on 10 non- sampled respondents for nec-
essary modification. Finally, data were collected from the 
selected households from February to March 2019 by face- 
to- face interviews. This month was selected to minimize 
the possible recall bias relating to the quantities of inputs 
used and output (grain and residues) obtained. The primary 
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data collection was carried out with the support of three 
agricultural graduates, and the interviews were conducted 
either at the respondent's house or in one of the farmer ser-
vice centres where farmers regularly meet.

Seven sections were included in the interview schedule, 
the first focussing on information about household charac-
teristics and the second including questions on access to 
food and other major assets. In the third section, questions 
were targeted at farm activities including herd size, land 
use, cropping patterns and field management practices etc. 
The fourth section focussed on crop residue management. 
The fifth section concentrated on livestock, such as breed 
type, herd structure, dynamics and feeding strategies. The 
sixth section was aimed at collecting information regard-
ing the adoption of new technology, ease of access to a 
market and key constraints to farming. Finally, the last 
section recorded information about household income and 
expenditure.

The factors affecting the adoption of new technology were 
considered for selecting variables to construct a farm typol-
ogy in the study area. The age of the household head, fam-
ily size, level of education of the household head, farm size, 
household income, access to extension services, the distance 

of the farm to the market, access to information etc., all play 
a vital role in the adoption of new technology; especially im-
portant is the issue of producing enough food for the family. 
In this study, the education of the head of the household was 
considered as two variables: =1 if they had finished at least 
primary education, 0= otherwise corresponds to not capable 
of writing.

2.3 | Typology construction

Farm household data were analysed by using a multivariate 
statistical approach comprising principal component analysis 
(PCA) and cluster analysis (CA). PCA was used to reduce the 
data set and create a smaller set of independent components. 
The new set of independent components was used as an input 
for cluster analysis and, later on, identifying the farm house-
hold in the research area. The technique has been widely used 
in many studies to classify farm households (e.g. Bidogeza 
et al., 2009; Goswami et al., 2014; Kuswardhani et al., 2014). 
All analyses were done using the ade4 package (available on-
line http://pbil.univ- lyon1.fr/ade- 4 from R 3.6.0. software R 
Core Team (2019)

F I G U R E  1  The study area is located in the Birganj sub- district, part of Dinajpur district in North- Western Bangladesh
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2.3.1 | Principal component analysis

The first steps for the PCA was data quality control, includ-
ing identifying missing values and variables with strong cor-
relations. The data set based on the 27 variables was carefully 
examined and missing data identified. Based on Kaiser's cri-
terion, all PC having an eigenvalue of one was retained for 
further analysis (Field, 2005; Herve, 2001). If the number of 
variables is less than 30, Kaiser's criterion is considered to be 
accurate (Field, 2005). In our study, there were 27 variables, 
thus making it appropriate for this research. The number of 
the axis for principal component analysis can be determined 
based on the minimum cumulative percentage of variance, 
60% or higher is usually best for PCA (Hair et al., 2010). 
In our case, it was about 69% which was suitable for our re-
search. In addition, a loading of less than 0.40 was not con-
sidered for interpretation of our objectives.

2.3.2 | Cluster analysis

The nine components from the PCA were used to develop 
hierarchical clustering following Ward's method (Reynolds 
et al., 2006). Although there is no single procedure to deter-
mine the appropriate number of clusters, a two- step approach 
(i.e. the hierarchical method and the partitioning method) was 
used (Hair et al., 2006). The k- cluster solution was created by 
connecting with two clusters from the k+1 cluster solution, 
whereas the partitioning method was employed to isolate 
the farm household into a given number of clusters (Lattin 
et al., 2005). Ward's hierarchical method was used to define 
the number of groups as it was widely used to minimize the 
variation within the cluster and successively join with equal 

clusters (Kuivanen et al., 2016). A key point in this procedure 
is where to cut the tree to identify an appropriate number of 
clusters that is realistic for the study area.

Figure 2 presents the dendrogram with possible cutting 
lines from Ward's method of cluster analysis. Shifting the 
cutting line from A to B reduces the number of clusters to 
four; hence, line C denotes only two farm types. The num-
ber of clusters should reflect the real situation in the study 
area. By using the cutting line C, two clusters based on the 
partitioning method were appropriate, but it did not represent 
the real situation in the area. Finally, using information from 
the dendrogram and taking into account expert knowledge in 
the study area, the number of clusters was chosen which was 
meaningful and realistic. To identify the variance between 
clusters, one- way analysis of variance was carried out and 
this was largely used to analyse the clusters (Field, 2005).

3 |  RESULTS

3.1 | Principal component analysis (PCA)

In total, 27 variables were used in the PCA (Table 1) and nine 
components with eigenvalues greater than one (Table 2) have 
been extracted for further analysis in the study area. The PCA 
results explain 69% of the variability of the data set. From 
Table 2, it was found that the first PC1, which is the highest 
variation, was about 17% of the variability in the data set. It 
was closely related to the variables describing land size, the 
number of crops grown per year, the amount of income from 
crops and food self- sufficiency, savings and off- farm income. 
This component shows a positive relationship between farm 
size, the number of crops per year, food self- sufficiency and 

F I G U R E  2  Dendrogram with three 
possible cutting lines for the study area
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6 of 18 |   SARKER Et Al.

savings and a negative relationship with off- farm activities. 
This implies that large farms rely on their farming activities 
rather than off- farm activities. PC2 correlated with animal 
resources (total TLU) as well as the majority of income com-
ing from livestock and represents livestock enterprises. PC3 
represents age and experience which are positively linked. 
PC4 is related to the marketing components and shows that 
farmers who are close to the market may have more opportu-
nity to sell their products with lower transportation costs. The 
fifth, PC5, comprises access to information about technol-
ogy, which is strongly correlated with a family member join-
ing a farmer's field school. The sixth principal component 
(PC6) shows a negative relationship between landownership 
and herd size. PC7 represents CA practices, and PC8 corre-
lated with the educational level of the household. The last PC 
only represents the breed of the livestock enterprise.

3.2 | Cluster analysis

The characteristics of the four different types of farm house-
hold clusters and p- value of one- way analysis of variance for 
the study area are reported in Table 3. Variables such as age, 
income from crop sector, farm experience, incorporation of 
crop residues in soil, savings, distance to the nearest market, 
income from livestock, tropical livestock unit, literacy of the 
head of household, hired labour ratio, landholding, off- farm 
income and food self- sufficiency could significantly differ-
entiate the farm types in the study area (Table 3). All these 
variables were used to construct the typology.

3.3 | Farm types

Farm types (clusters) were identified based on the farmer's 
resource use efficiencies and capital endowment. Figure 3 
shows the distribution of four different farmer types along 
with innovations taken up by farmers. Figure 4a and b further 
show the resulting four different clusters described as farm 
types (FT) with their specific characteristics. The following 
sub- sections (i.e. 3.3.1– 3.3.4) describe the characteristics of 
four farm types in detail within the study area:

3.3.1 | Type 1 farm

This cluster comprised households having a large farm with 
a high ratio of hired labour and accounts for 32% of the farm 
households. They were households that adhered to many ag-
ricultural technology practices such as crop residue retention 
or incorporated on the soil (86% farm households), use of own 
organic manure (96% farmers) and animal rearing using im-
proved breeds. Being a large farm, they were able to produce 

T A B L E  1  The descriptive statistics of the selected variables used 
in principal component analysis

Variable Description and units Mean
Standard 
deviation

Household

Size of household Number of members 5.0 1.43

Age of household Number of years 48 10.19

Farm experience Years 27 9.81

Education

Literacy of the head 
of the household

=1 if literature, 
0=otherwise

0.65 0.47

Labour

Total labour input Hours per year 2864 312.93

Hired labour ratio 0.15 0.08

Infrastructure

Distance house to 
the main road

Km 0.75 0.62

Distance to the 
nearest market

Km 0.50 0.26

Land use Hectares

Cropped land area 0.65 0.51

Rice ratio 0.63 0.20

Maize ratio 0.28 0.17

Number of crops 
grown

2.56 0.56

Livestock TLU (Tropical livestock 
unit)Herd size 2.32 1.51

Small ruminant ratio 0.11 0.16

Poultry ratio 0.04 0.06

Food security

Food self- sufficiency Months per year 10 2.0

Saving 1=Yes, 0=otherwise 0.60 0.49

Land ownership 1= ownership, 
0=otherwise

0.83 0.37

Income

Crop sales percentages 51 21.55

Livestock sales percentages 15 12.14

Off/Non- farm income percentages 33 25.28

Technological 
attributes

Organic manure use =1 if applying 
0=otherwise

0.94 0.22

Improved livestock =1 if applying 
0=otherwise

0.20 0.40

Crop residue 
retention

=1 if 10 cm applying 
0=otherwise

0.71 0.45

Marketing

Crop product sale in 
near market

=1 if market, 0=otherwise 0.52 0.49

Extension

Get extension 
service

=1 if receive, 0=otherwise 0.41 0.49

Family members 
joining FFS

=1 if join, 0=otherwise 0.76 0.42
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   | 7 of 18SARKER Et Al.

more crop residue from their own fields which allows them to 
incorporate the residue in the fields (Figure 3). This cluster was 
also characterized by farm households with family members 
working mainly full- time on the farm (with the lowest level of 
off- farm work) and household heads with an average level of 
education and literacy. However, they also had a high level of 

income from the crop sector which means that the farmer de-
pends mostly on crop production. These clusters have a higher 
level of food self- sufficiency than the others. In addition, the 
households have a high average level of education and a high 
proportion of income (75.43%) from the crop sector and are 
also characterized by having a high level of savings (Figure 3).

T A B L E  2  Eigenvalues and cumulative variances (%) explained by nine components (PCs)

Name of variables

Components and their Eigen values

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9

Age 0.10 0.41 0.81 −0.20 0.01 −0.04 −0.05 −0.09 −0.20

Land ownership 0.35 −0.34 0.04 0.07 −0.04 −0.44 −0.45 −0.08 0.06

Maize ratio 0.44 0.07 −0.07 −0.21 0.47 0.30 −0.19 0.15 0.28

Small ruminant ratio −0.26 −0.23 0.11 −0.38 −0.03 −0.62 0.02 0.11 0.11

Income from crop (%) 0.72 0.03 −0.26 −0.01 −0.03 −0.06 0.10 0.17 −0.34

Extension service 0.14 0.46 −0.11 −0.34 0.05 0.20 −0.35 0.02 0.03

Farm experience 0.11 0.40 0.83 −0.17 0.07 −0.06 −0.04 −0.11 −0.15

Family members 
Joining FFS

0.04 −0.26 −0.18 0.03 0.42 −0.15 −0.20 −0.47 −0.26

incorporate crop 
residue

0.39 −0.01 −0.21 −0.14 −0.09 −0.17 0.62 −0.10 0.16

Number of crops 
grown

0.40 −0.28 0.23 0.20 0.33 −0.26 0.02 0.15 0.04

Saving 0.67 −0.34 0.04 0.06 −0.11 0.03 −0.19 −0.27 0.07

Distance house to 
main road (km)

−0.09 −0.56 0.26 0.40 0.24 0.13 −0.08 0.20 −0.26

Distance to nearest 
market (km)

−0.05 −0.40 0.21 0.50 0.13 0.11 0.17 0.17 0.24

Own manure use 0.19 0.46 0.01 0.39 −0.17 −0.01 −0.13 −0.30 0.25

Crop product sale 0.16 −0.08 0.36 0.43 −0.35 −0.05 −0.06 0.26 0.24

Income from 
Livestock (%)

0.20 0.60 −0.12 0.25 0.19 −0.38 0.16 0.08 0.01

Tropical livestock 
unit

0.38 0.45 −0.05 0.38 0.16 0.37 −0.04 0.06 −0.21

Improved livestock 0.17 0.16 −0.14 0.06 0.31 −0.01 −0.01 −0.26 0.40

Literacy of the head 
household

−0.07 −0.11 −0.02 0.11 −0.47 0.26 0.23 −0.58 −0.12

Hired labour ratio 0.72 −0.29 0.06 −0.17 −0.24 0.05 −0.04 0.13 −0.05

Size of household 0.20 0.16 0.42 0.09 0.27 −0.02 0.41 0.02 0.09

Poultry ratio −0.16 −0.47 0.15 −0.21 0.38 0.20 0.29 −0.17 −0.17

Land holding (ha) 0.72 −0.29 0.03 −0.21 −0.24 0.15 0.04 0.10 −0.08

Off- income (%) −0.69 −0.32 0.28 −0.09 −0.09 0.25 −0.16 −0.15 0.31

Rice ratio −0.56 0.12 −0.15 0.38 −0.09 −0.25 −0.13 −0.01 −0.35

Food self- sufficiency 
(consume by own 
food month/year)

0.78 −0.12 0.07 0.06 −0.12 −0.07 −0.04 −0.12 0.09

Eigenvalues 4.56 2.86 2.22 1.73 1.54 1.45 1.30 1.19 1.14

Cumulative variance 
(%)

17% 28% 37% 43% 49% 55% 60% 65% 69%

Note: Bold numbers refer to loading equal to or higher than 0.4.
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3.3.2 | Type 2 farm

The Type 2 cluster represented small livestock- based farms 
with middle- aged farmers who have moderate farm experi-
ence (9% of the assessed farms). This cluster comprised quite 
small farms relying on agricultural level incomes, especially 
from livestock, with lower levels of ownership of cultivated 
land and a medium dependency on off- farm work (Table 3). 
The Type 2 cluster farms were also characterized by medium 
adherence to adopted agricultural technologies such as re-
cycling crop residue (42% farm households) and the use of 
organic manures in the fields (Figure 3). These farm house-
holds were larger in comparison with the other clusters and 
had middle- aged household heads with a poorer level of edu-
cation. They had excellent links to extension agents with ac-
cess to information on crop and livestock production (Figure 
4a). In addition, they had moderate food self- sufficiency 
(they consumed their own food at least 10  months of the 
year) and the lowest levels of family savings and the highest 
level of access to information regarding livestock products, 
especially milk, as their house is close to the market.

3.3.3 | Type 3 farm

This farm type consists of medium resource farms with an 
older farmer who has a high level of farm experience (Figure 
4a and b). They are market- oriented farm households, with 
the best- educated and most literate household heads, and a 

greater off- farm income (37% of the assessed farms). Type 
3 farm households represented farms where, on average, the 
household heads were relatively old (54 years), had a high 
level of farm experience and where the levels of both agricul-
tural and non- agricultural income were moderate. Although 
owning livestock, the number of livestock was lower com-
pared to other farm households. This cluster also consisted 
of households with five family members, mainly involved in 
off- farm activities (with least full- time work on the farm) and 
with the best- educated and most literate household heads. 
They also demonstrated the lowest use of recycled crop resi-
due (only 7%) in the field (Figure 3) and also have poor ac-
cess to the market as they live far away from the market. 
Furthermore, these households had a low level of regular 
contact with extension workers which resulted in a lower 
level of adoption of improved breeds (Figure 4b).

3.3.4 | Type 4 farm

This farm type includes low resource endowment, with the 
youngest household heads and reliance on off- farm activi-
ties which is greater on rented land (19% of the assessed 
farms). The most distinguishing factor in this type of farm 
is that households are headed by relatively younger farmers 
(42  years old on average) with a good level of education. 
These households are also characterized by smaller land-
holdings and lower food self- sufficiency (Figure 4a and b) 
and relied mainly on off- farm activities (68% income from 

F I G U R E  3  Spider diagram displays 
percentage distribution of different key 
variables across four farm types
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off- farm). They also had the lowest levels of income from 
crops and livestock (Figure 3) and were the least likely to 
adopt new technologies with little use of organic manure and 
recycled crop residue in their fields. Moreover, these house-
holds had a low level of access to information on new tech-
nologies and had weak links with extension agents (Figure 
4a). Type 4 farmers were also found to have the smallest 
landholdings and livestock was concentrated on poultry.

3.4 | Drivers of technology adoption by 
farm category

3.4.1 | Household- related variables

Farm types significantly differed with the age of the house-
hold heads and their farming experience (Table 2). The 
findings reveal a positive correlation between the age and 
farming experience of the household heads (Figure 4a). 
In particular, the heads of Type 3 farm households were 
the oldest and had the greatest farming experience. Type 
2 farmers, on the other hand, were middle- aged, and their 
farming experience was greater in comparison with the 
other types (Table 2). However, the age of the household 
head did not have a significant positive influence on the 

practice of new technologies. This indicates that the adop-
tion of new technologies was not dependent on the age of 
the households but rather on the size of cultivated land as 
well as ownership and use of legally owned land. In par-
ticular, the heads of Type 1 households had the largest 
landholdings and legally owned land because they have 
practised more innovative technologies in comparison with 
other farms.

There is a positive correlation between land size and the 
household's food self- sufficiency (Table 2). In particular, 
farmers from Type 1 households had the greatest amount of 
land and the highest crop production with greater food self- 
sufficiency, while farmers of Type 4 were the youngest, had 
the smallest amount of land and lower crop production with 
poor food security. The results indicated that those house-
holds that had a good level of education were more involved 
in a farmers’ field school. In particular, the heads of Type 1 
households had higher levels of education and literacy.

3.4.2 | Resource endowment variables

The size and ownership of land, livestock, off- farm income 
and labour were distinguishing factors for the different 
farm types (Table 2). Variables in on- farm income and land 

F I G U R E  4  (a) Variables for the four 
farm types based on farmers food self- 
sufficiency, farmers level of education, age, 
size of household, extension linkage and 
organic manure use. Box plots show cluster 
means (coloured squares), median values 
(solid horizontal lines) and outlier values 
(closed circles). The dashed line represents 
the survey means for each variable. (b) 
Variables for the four farm types based on 
farmers tropical livestock unit, land size, 
livestock breed and farm experience. Box 
plots show cluster means (coloured squares), 
median values (solid horizontal lines) and 
outlier values (closed circles). The dashed 
line represents the survey means for each 
variable
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ownership, as well as the use of legally owned land, corre-
lated with each other. Also, the practice of recycling crop 
residues and the use of organic manure was positively corre-
lated with land size and ownership and how it is used, while it 
was negatively correlated with non- agricultural employment 
income (Table 2). Type 1 and 2 farms, which had adopted 
new technologies, owned larger farms. Type 4 farms can be 
classified as smaller farms with greater reliance on rented 
land. Having savings was strongly correlated with income 
from crops, livestock and other sources. This indicates that 
ownership of productive assets was highly correlated with in-
come. For example, Type 1 farms have a higher level of asset 
ownership than other farm households (Table 2). In addition, 
the economic factor was strongly linked to the practice of 
new agricultural technologies (Table 2).

The key variables, such as full- time on- farm and off- farm 
labour, did not differ significantly among the different farm 
types. While Type 2 farms were mainly focussed on full- time, 
off- farm family labour, implying reliance on hired labour, 
Type 1 and 4 farms relied on full- time on- farm family labour 
(Table 3). As noted earlier, ownership of livestock was a sig-
nificant distinguishing factor between the farm types (Table 
2). Nonetheless, it differentiated Type 1 (3.01 TLU) and 2 
(3.07 TLU) farm households which owned the greatest num-
ber of livestock compared to the other farm types (Table 2).

3.4.3 | Cropping practices concerning the 
adoption of new technologies

The way in which farm households managed their farms dif-
fered significantly between farm types and the availability 
of resources (Table 3). A positive correlation was observed 
between the adherence to conservation agriculture (CA), that 
is the practice of crop residue retention or incorporation on 
the soil, and the use of organic manure and the ownership of 
existing assets (i.e. land and number of livestock). Farms of 
Type 1 had similar characteristics but differed from Types 3 
and 4. However, farms of Type 4 showed low adherence to 
CA principles (Table 3), which could be explained by their 
low ownership of land and wealth. The adoption of the new 
cropping system was also strongly and positively correlated 
with a higher income from agricultural sources.

3.4.4 | Access to information

It was expected that there would be a positive correlation 
between extension agents and access to information on crop 
and livestock production and input use. Type 2 farm house-
holds had excellent links with extension agents, and this may 
result in adopting improved livestock breeds in comparison 
with other households who had no links (Figure 4a and b). 

Moreover, our results also demonstrate that those farm types 
with a low level of adoption of agricultural technologies (e.g. 
recycling crop residue) had limited access to information 
compared to other farm households. These results indicated 
the importance of access to information for the adoption of 
agricultural technologies. Overall, results largely indicate a 
connection between the level of resource endowment of a 
farm household and good links with a farmer's field school 
and access to information and the adoption of agricultural 
technologies.

4 |  DISCUSSION

Farm household typologies were developed based on study 
objectives that determine the rate of adoption of new agri-
cultural technologies. The results of this research show key 
differences between the four identified farm types. The fac-
tors influencing the diversity of farm households, how they 
evolve to each other and the implications of this are discussed 
regarding the adoption of new agricultural technologies.

4.1 | Household characteristics

The farm household typology describes the importance of 
the age and level of literacy of the household head as well 
as the size of the household. It also helps us to explain the 
diversity of farm households in the study area. Other studies 
reported similar findings, although with variations. Kamau 
et al., (2018) revealed that farm types significantly differed 
regarding the age of the household heads, their education and 
literacy levels, as well as the number of members in the farm 
household. In Kenya and Tanzania, van de Steeg et al., (2010) 
found that family size and the number of years of education 
explained heterogeneity in the five farm types. In Rwanda, 
the significant household discriminants were family size and 
the age and level of education and literacy of the household 
head (Bidogeza et al., 2009). The results of our study showed 
that the significant household discriminants were the age 
and amount of farming experience of the household head 
but that the level of literacy was not. Similar findings were 
reported by Pilarova et al., (2018) who found that the age 
of the household head was a significant distinguishing factor 
between different farm types in Moldova but that the level of 
education of the household head was not. Kuswardhai et al., 
(2014) found that age and farming experience explained het-
erogeneity in the four farm types they found in the West- Java 
province, Indonesia. A study conducted in Ethiopia by Jena 
et al., (2012) reported that certified smallholder farms were 
headed by relatively older household heads with a mean age 
of 48 years, who had a low level of education. The results of 
this study show this is true for farm Type 2, but not for Types 
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3 & 4. An inverse link between age and education as well as 
the literacy level of the household head was also reported by 
Bidogeza et al., (2009) in Rwanda, where young household 
heads were more educated. Similar findings were reported by 
Signorelli (2016) who found that wealthier households were 
more often headed by young household heads with a high 
level of education.

The results of the current study suggest that among the 
sampled households, farming is mainly practiced by the 
older generation. This finding is in line with that of Mutoko 
et al., (2014) in western Kenya. In Bangladesh, young people 
who are engaged in the agricultural sector tend to migrate to 
urban areas due to poor employment opportunities in rural 
areas (Hossain, 2001). In addition, as stated by Zaman et al., 
(2010), the agricultural sector is not capable of absorbing the 
surplus labour force entering the economy every year, thereby 
encouraging people to migrate to urban areas. In these cir-
cumstances, it is necessary to emphasize the important role 
played by household characteristics in the adoption of new 
technologies. Firstly, support for youth education with an em-
phasis on vocational training, to help them to improve their 
technical skills as, among other benefits, being able to absorb 
new ideas and innovations would enable farmers to create 
market opportunities (Radwan, 1995). Secondly, the older 
and more experienced generation of farmers who are engaged 
in farming cannot be ignored. For Type 3 farm household 
heads who were relatively older and had extensive farming 
experience but a moderate level of education, the support of 
special extension services is required to help them adopt new 
technologies. In general, educated farmers are very flexible 
about adopting new technologies (Ahimbisibwe et al., 2020; 
Mignouna et al., 2011).

4.2 | Resource endowment and 
farming practices

Thirty- two per cent of the farms sampled belonged to Type 
1 and were well endowed. These farms were heavily reli-
ant on farm income mainly from crops and with low levels 
of off/non- farm activities and income. They relied on hired 
labour, had high financial capital (savings) and high food se-
curity. In contrast, resource- constrained Type 4 farms, which 
depended on on- farm labour or off- farm employment as cas-
ual labourers, had a subsistence level of living. These two 
types correspond to other typologies for smallholder farm-
ers (Kuivanen, Alvarez, et al., 2016; Mutoko et al., 2014; 
Signorelli, 2016; Tittonell et al., 2005a). Type 3 farms dif-
fered from the other types because despite being relatively 
moderately resource endowed, they were heavily reliant on 
farm income mainly from crops and had average access to 
external financing, which could explain their limited owner-
ship of productive assets as well as livestock. This farm type 

was similar to a type found in Ghana by Kuivanen, Alvarez, 
et al., (2016). Type 2 farms differed from the other types as 
farmers already own or have access to small farms. They 
were heavily reliant on income from livestock. The literature 
suggests that their poverty and level of risk can be reduced 
by the adoption of recommended technologies (Kuivanen, 
Alvarez, et al., 2016; Melesse, 2018). However, for Type 4 
farm households, diversification into off/non- farm activities 
would also generate income (Barrett et al., 2001a; Kuivanen, 
Alvarez, et al., 2016) which could be invested in the purchase 
of more productive assets, including land and improved live-
stock to boost productivity. In well resource endowed Type 
1 farm households with more labour intensive technologies, 
interventions could include the primary focus being on farm 
mechanization. Type 4, that is severely resource- constrained 
farm households, needs to focus attention on improved 
breeds as their livestock entirely depended on poultry and 
small ruminants. Keeping small ruminants and poultry is fi-
nancially economical for resource- constrained farm house-
holds because little input (land, labour, cash etc.) is required 
for their maintenance (Kuivanen, Michalscheck, et al., 2016).

4.3 | Access to information

It was expected that access to information through extension 
personnel and farmers’ field schools (FFS) would positively 
influence the adoption of new agricultural technologies. This 
study reveals a robust positive link with extension service, 
FFS and the adoption of new technology practices such as 
conservation agriculture and improved livestock breeds. In 
this study, Type 2 farms consisted of households owning a 
greater number of livestock who had excellent links with ex-
tension agents and this may result in the greater adoption of 
improved livestock breeds in comparison with other house-
holds who had no links (Figure 3). This is in line with the 
findings of Ahimbisibwe et al., (2020), who found that ac-
cess to extension services has a significant association with 
the adoption of new technologies. This finding also corre-
sponds to previous studies regarding the importance of ex-
tension services; Kassie et al., (2015) found that access to 
extension services has a positive effect on the adoption of 
sustainable practices and new agricultural technologies. 
Abdulai (2016) found that the adoption of new technologies, 
such as conservation agriculture, relies on the awareness of 
farm households and access to comprehensive information 
about the new technology. In contrast, Tesfaye et al., (2014) 
demonstrated that extension services did not have any effect 
on the adoption of innovative practices. Other studies such as 
Shikuku et al., (2017) showed that extension services have 
a negative effect on the adoption of practices to deal with 
climate change as well as the introduction of new agricul-
tural technologies, while Maumbe (2010) also found that the 
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acquisition and utilization of information are influenced by 
the level of literacy of the household head, the cost of imple-
menting new technologies and links with external support for 
farmers, such as extension agents and a FFS. Interestingly, 
this study found no link between the level of literacy of the 
household head and the acquisition and utilization of infor-
mation regarding new technologies. Based on our findings, 
Type 3 farm households have a high education level, but 
these households frequently had little contact with extension 
workers which resulted in a lower level of adoption of im-
proved breeds (Figure 4). However, membership of coopera-
tives or a similar community structure, such as FFS, can play 
an important role in acquiring and sharing valuable informa-
tion regarding new agricultural technologies and sustainable 
adaptation practices in Bangladesh. Therefore, development 
projects in these areas need to emphasize increasing the ac-
cess of farm households to farm cooperatives, farming groups 
and farmers’ associations as a way to enhance their ability to 
adopt new agricultural technologies (Aryal et al., 2020).

4.4 | Adoption of new agricultural 
technologies are linked to farm types

The results indicated that farming practices associated with 
new agricultural technologies were higher among older and 
wealthier farm households heads. Jena et al., (2012) reported 
the ability of older farmers to earn more because they were 
more knowledgeable and better established than younger 
farmers. Our study indicates that the households which is 
a high average level of education may be more inclined to 
adopt technology, that is the retention of residue in the fields 
(Figure 3). Similar results were also observed in the studies 
of the adoption of improved maize seed in Tanzania (Nkonya 
et al., 1997). Abdulai (2016) suggested that the adoption of 
agricultural technologies were influenced by the education 
level of household heads. The results indicated that farmers 
for whom agriculture is the main source of income had sig-
nificantly influenced the adoption of various farming prac-
tices and technology. In contrast, Van Hulst and Posthumus 
(2016) showed that the percentage of income from the agri-
cultural sector did not significantly influence the adoption of 
new agricultural technologies. According to the survey data, 
Type 1 farmers were involved in on- farm activities as their 
income from the agricultural sector is higher than that of other 
farm types. The education level of the household head was 
average which could provide them with more opportunity to 
be involved in farm work and, consequently, they might be 
well informed about the various new farming technologies. 
In contrast, agriculture was a less important activity for Type 
4 farm households. Greater reliance on off- farm income, es-
pecially for Type 4 farm households, could limit the number 
of resources they can allocate to crop production activities. 

However, in the future, off- farm income diversification may 
be viewed as a way to avoid risk and uncertainty and may later 
influence adoption decisions (Marra et al., 2003). Concerning 
the cropping- management practices, Type 1 farms comprised 
households with a large farm and a high proportion of hired 
labour. In terms of adopting new practices, these households 
recycle crop residue in the field as a large farm produces more 
residue which can be incorporated in the fields. According to 
the previous study by Melesse (2018), land size had a positive 
influence on the adoption of new agricultural technologies. 
In contrast, Ogada et al., (2014) reported the opposite effect 
of land size on the adoption of new agricultural technolo-
gies. But this study suggests that for most of the Bangladeshi 
farmers who have grown different types of crops of various 
varieties, this requires a larger farm. Fernandez (2017) sug-
gested that the adoption of irrigation management practices is 
positively influenced by hiring permanent labour, but the pre-
sent study did not confirm this finding. This study indicated 
that the practice of new agricultural technologies is positively 
influenced by land ownership, especially for Type 1 farms. 
This finding is in line with reports by Nsiah et al., (2006) who 
stated that tenant farmers are reluctant to adopt sustainable 
practices. The results suggested that highly and moderately 
resource endowed farms have their feed resources and are in 
a better financial position to keep a large number of livestock 
(Sarker, 2015). A large herd also encourages the use of a large 
amount of crop residue which is transported from the field to 
their farmhouse/homestead for stall feeding (Diressie, 2011). 
Farmers in this category also produced more manure on their 
farm, while a relatively high proportion of the manure was 
used in the field. This finding is in line with the reports by 
Diressie (2011) who stated that farmers applied more manure 
to their fields if they owned more livestock compared to those 
who had fewer or no cattle.

The study indicated that larger farms (Farm 1) have a 
higher level of savings compared with small farms. This is 
because large farms cultivated different types of high- value 
crops on their farms and make a good profit. The results 
suggest that economic factors, such as savings, significantly 
influenced the adoption of agricultural technologies. These 
findings correspond to Abdulai (2016) who demonstrated 
that financially constrained farmers are less likely to adopt 
new agricultural technologies compared with well- resourced 
farm households. Yigezu et al., (2018) also mentioned that a 
high initial investment is needed to cope with new agricul-
tural technologies and Teshome et al., (2016) indicated the 
importance of adequate cash resources. Moreover, in terms 
of food security, larger farms (Farm 1) have greater food se-
curity compared with small farms because they produced a 
greater amount of food. This finding is in line with Signorelli 
(2016) who found that wealthy farm households had high 
rates of food security, while the opposite was true for the 
poorly endowed farm households.
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The results suggest that the distance of farm households 
from the market had a negative influence on the adoption of 
new technologies. These findings correspond to a previous 
study by Tefera et al., (2016) which demonstrated that the 
adoption of maize and teff technology increase with proxim-
ity to markets. It was expected that the distance from markets 
would be very important for the farmers to get the optimum 
market price by reducing transportation costs. Type 2 farms 
had relatively high livestock numbers and are close to the 
market— this might allow them to get higher prices for live-
stock products, especially milk. Extension messages and deci-
sion makers should focus more on these groups, especially in 
the adoption of improved livestock breeds. The study indicates 
that the distance of residence from all- weather roads did not 
significantly influence the adoption of new technologies. In 
contrast, Melesse (2018) mentioned that the distance of a resi-
dence from all- weather roads had a negative relationship to the 
adoption of fertilizer. It was expected that access to information 
through extension agents would play an important role in the 
adoption of new agricultural technologies. The present find-
ings are also in line with other studies conducted by Akudugu 
et al., (2012) and Tefera et al., (2016) which investigated the 
effect of extension agents on the promotion of new agricultural 
interventions. On the other hand, Tesfaye et al., (2014) inves-
tigated the effect of extension services on the implementation 
of agronomic practices, soil conservation measures, and pest 
and weed control in Ethiopia. Their research suggests that no 
significant relationship was found between access to extension 
services and the adoption of new technologies. Type 2 farms 
had excellent links with extension agents, and this may result in 
a greater willingness to adopt new technology, that is improved 
livestock breeds, and compared with other households which 
had no links (Figure 4a,b). Given the importance to farmers 
of links with external support (e.g. from extension officers), 
young farmers, even those not involved in full- time farming, 
could benefit from becoming involved in innovative farming.

4.5 | Limitations of the study

This research was subject to some limitations due to time and 
financial constraints. Recall- based farm data provided by the 
farm households were used to develop farm typology in the 
study area. Because of the memory bias of respondents, some 
of these values may be inaccurate. The findings of the re-
search cannot be generalized for the whole country due to the 
small sample size as a result of time and funding constraints. 
Furthermore, it was expected that farm households would be 
dynamic; production systems could rapidly change as well as 
farm typologies, which would need to be constantly updated 
(Alvarez et al., 2014). However, this study can help inform 
policymakers, researchers and development practitioners, as 
it provides insights into how systems may evolve over- time.

5 |  CONCLUSION AND POLICY 
IMPLICATIONS

Agricultural research and development projects provide a 
particular set of new technologies such as the use of recycled 
crop residue and improving crop and livestock systems by 
introducing new varieties and breeds in the farming commu-
nity. The key objective of such projects is the differentiation 
of the projects’ target population based on farm types which 
are often used for targeting the introduction of innovations. 
Constructing farm typologies can be especially helpful in de-
scribing the existing heterogeneity within a target farming 
community.

A multivariate statistical technique that combines PCA 
and CA enabled the identification of four typical farm types 
in the selected area with respect to adopting new agricul-
tural interventions using socio- economic factors. Concerning 
the first research objective, a farm typology was found with 
significant differences among the four farm types. With ref-
erence to the second research objective, the key factors in 
the adoption of new agricultural technologies by farmers are 
their age, farming experience, education, income, access to 
market, land ownership, savings, food self- sufficiency, ac-
cess to extension services and the proportion of hired labour 
and income from off- farm activities.

The wealthier and less literate farm households in Type 1 
could be encouraged to increase their use of improved tech-
nologies, inputs and farming practices that are environmen-
tally friendly, such as recycling crop reside and the use of 
organic manure, animal rearing with improved breeds and 
the reduction of post- harvest losses by improving storage 
facilities. Livestock- based Type 2 farms could benefit from 
interventions to increase knowledge about improved tech-
nologies, such as providing pure breeds and increasing AI 
facilities, through training and access to extension services. 
In addition, they could also benefit from efforts to improve 
access to capital, particularly land, low- input technologies 
and high yielding crop varieties. Type 3 households have an 
average level of literacy; they could also benefit from more 
knowledge- intensive technologies. Type 4 farms could ben-
efit from efforts aimed at income diversification in non-  and 
off- farm activities by increasing credit access and improving 
the level of education.

Finally, it can be concluded that a multivariate statistical 
technique that combines PCA and CA is suitable tools for 
identifying major socio- economic characteristics of typical 
farms. This research has also highlighted the heterogeneity 
of farm household concerning the present use of new agricul-
tural technologies and identified the factors that determine 
their future use. As some types of farm household have a 
better ability to cope with new technologies than others, ex-
tension messages and decision makers should focus greater 
attention on specific groups, such as these four farm types. 
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These findings also suggest that there is an urgent need for 
researchers, policymakers and disseminators to give serious 
consideration to these key socio- economic factors when de-
ciding on ways to increase the rate of adoption of agricultural 
technologies by farmers. Future research should, therefore, 
be aimed at the development of support tools to assist farm-
ers in making decisions appropriate for their farms based on 
these typical farms.
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