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ABSTRACT

Implementation of environment-friendly soil organic matter (SOM) enhancing technologies (SOMET) is crucial
for addressing soil degradation. This study aims to examine the usage status of SOMET (i.e., organic fertilizer,
manure, and compost) from the dimension of long-term non-usage, dis-usage, late-usage and long-term usage
and identify the drivers of these four behaviors of usage. We utilized national representative datasets of 1659
Bangladeshi rice-farmers for the periods of 2013, 2016 and 2020 with climate hazards data. Households were
categorized into long-term non-user (48%) who does not practice SOMET in any of three survey years, dis-user
(29%) as the households who abandon SOMET after practicing a period of time, late-user (20%) for the
households who apply SOMET a few years later than their peer, long-term user (3%) as the households who
practice SOMET for three survey years. Ordered logit model was used to quantify drivers of likelihood of being
the four above defined categories. SOMET use has been found to be highly constrained by climate hazards. Flood
depth, salinity, heavy rainfall, storm and cyclone vulnerability decrease likelihood of long-term use and late-use
while increase the probability of long-term non-use and dis-use (p<0.01). Alternatively, the likelihood of long-
term non-use and dis-use are 12% and 4% lower in drought-prone areas. Increasing drought experiences increase
the probability of long-term use and late-use (p<0.01). Higher SOM level decreases long-term non-use but in-
duces dis-use. Other major drivers of SOMET long-term use are older household head, more educated women in
households, larger farm-size, and higher livestock values. Considering these factors in developing and imple-
menting policies could be instrumental in promoting SOMET application at farm-level. Long-term use is context-
specific with various climate and socio-economic factors, thus, designing policies and strategies should
emphasize contextual variations to promote usage continuities.

1. Background

One of the primary soil health indicators used to assess soil degra-
dation is soil organic matter (SOM), primarily comprising soil organic

Approximately 60% of the world’s population depends on agricul-
ture for their livelihoods (Blankespoor et al., 2022), which is threatened
by soil degradation and climate change (Sutton et al., 2013; Maraseni
and Maroulis, 2008). Intensive agriculture has led to one-third of the
world’s soil being degraded (FAO, 2015a), with low-income countries in
Africa and Asia experiencing severe agricultural land degradation
(Barbier and Hochard, 2018). This degradation negatively impacts
agricultural productivity, profitability, and sustainability (FAO, 2015a)
while exacerbating food insecurity, poverty, and vulnerability to climate
hazards (Yang et al., 2022; Maraseni et al., 2021; Barbier and Hochard,
2018).

carbon (SOC) (Maraseni et al., 2008). SOM plays a vital role in soil
structure, retention and release of plant nutrients (e.g., nitrogen, phos-
phorus, and sulphur), soil water infiltration and storage, and carbon
sequestration (Sedlar et al., 2023; Maraseni and Cockfield, 2011b). It is
essential for maintaining soil fertility and thus supporting food pro-
duction (Cotrufo and Lavallee, 2022; Gerke, 2022; Hasan et al., 2020;
FAO, 2017). Unfortunately, SOM levels are declining worldwide, with
an annual loss rate of 0.5%-1% (FAO, 2015b). About 79% of countries
have experienced net declines in SOC (Pravalie et al., 2021), reducing
capacity of soils to provide essential ecosystem services (Lehmann et al.,
2020).
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Major sources of organic matter used in cropping systems include
animal manure, farmyard wastes, domestic wastes, industrial wastes,
sewage sludge, green manure, bio-slurry, compost, biochar, vermi-
compost, and incorporation of conventional straw into soil (Pizzanelli
etal., 2023; Kumar et al., 2023; Hasan et al., 2020; Jin et al., 2020; Yang
et al., 2020; Maraseni et al., 2010). Applications of these in farm have
been reported to enhance SOM under diverse climatic conditions (Abrar
et al., 2023; Rumpel et al., 2023; Sedlar et al., 2023; Antén Sobejano
et al., 2021; Sommer et al., 2011). In this study, these practices are
termed as SOM enhancing technologies (SOMET). Implementing
SOMET, alongside other sustainable and conservation agricultural sys-
tems, can improve carbon-sequestration and increasing SOM stocks
(Atoloye et al., 2022; Oliveira et al., 2022; Duan et al., 2021; Maraseni
and Cockfield, 2011a, 2011b). These contribute to climate change
mitigation and adaptation with other production co-benefits (Hou,
2023; Ansari et al., 2022; Ramos et al., 2022; Amelung et al., 2020;
Chopin and Sierra, 2019; Soussana et al., 2019; Baldivieso-Freitas et al.,
2018).

Numerous global, regional, and national initiatives are dedicated to
soil conservation and sustainable farming. The Global Soil Partnership,
established in 2012 with the mission of raising awareness of the sig-
nificance of soils in the global agenda and promoting sustainable soil
management (FAO, 2023). Another international initiative is the “4 per
1000, Soils for Food Security and Climate", launched during COP’21 to
advocate the transition towards regenerative agriculture. This initiative
emphasizes soil management to develop healthy and carbon-rich soils,
with the goal of combating climate change and ending hunger by 2050
(UN, 2016). The United Nations Sustainable Development Goals (SDGs)
also prioritize addressing land degradation and restoring degraded land
through sustainable practices. Target 2.4 (#2: Zero hunger) focuses on
improving soil quality through the implementation of sustainable and
resilient farming practices. Additionally, target 15.3 (#15: Life on land)
prioritizes the restoration of degraded soil and aims to achieve a land
degradation-neutral world by 2030 (UN, 2015).

Despite the presence of these initiatives, the application of SOMET
remains low (Sharna et al., 2022; Ngongo, 2016; Teklewold et al., 2013).
Particularly, there is limited understanding of the decision-making
process and drivers behind SOMET adoption and use (Sharna et al.,
2023; Begho et al.,, 2022). At farm-level, decision for technologies
adoption encompasses a wide range of interconnected social, institu-
tional, and environmental issues (Mertz et al., 2011). Decision-making is
time-variant, context-specific and complex, particularly under changing
climatic conditions (Hisali et al., 2011). Existing literature on sustain-
able farm-practices revealed that demographic, socio-economic, infra-
structural, and institutional factors can positively or negatively
influence the adoption and use of sustainable farm-practices across
different geographic context (Oduniyi, 2022; Kwadzo and Quayson,
2021; Mwaura et al., 2021; Teshager Abeje et al., 2019). For instance,
farmers’ perceptions of increasing temperature and decreasing rainfall
motivate investment on sustainable land management as adaptation
practices (Bewket, 2012; Lokonon and Mbaye, 2018). Tambet and
Stopnitzky (2021) found that one year of high rainfall reduces soil
conservation adoption, whilst multiple years of low rainfall increases
their adoption. Nguru et al. (2021) concluded that rainfall influences
adoption of various sustainable practices in different directions. Sharna
et al. (2022) reported that flood and salinity reduce the usage likelihood
of organic fertilizer, while drought increases the probability of its use.
Determinants of continued use of sustainable soil and water conserva-
tion strategies have been so far reported as binary choices with house-
hold head’s age, the number of farm laborers, incentives, market access,
livestock, and farmland slope as driver of probability of continued use
(Alemu et al., 2023). These studies have predominantly focused on the
adoption of sustainable soil and land management technologies within
specific agro-ecological regions and for single year or crop season.

There is a lack of comprehensive research on determinants of long-
term adoption and use of sustainable SOMET. It is important to
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explore multidimensional adoption and use over time, as not all farmers
who initially adopt a given practice will continue to use it in the long
run, and some may discontinue while others may adopt at a later stage.
Some studies (e.g., Sharna et al., 2023; Pannell and Claassen, 2020;
Teshager Abeje et al., 2019; Deines et al., 2019; Kleinman et al., 2018
and Zeweld et al.,, 2018) have already noted the knowledge gap
regarding the adoption and use of technologies over time. Particularly,
the global systematic literature review (Sharna et al., 2023) and policy
studies (Pannell and Claassen, 2020) confirmed the research gap on
determinants of long-term use of sustainable practices among the global
literature. Furthermore, the adoption of technologies highly varies
across different locations (Zeweld et al., 2018). Spatial variability of the
adoption and use of SOMET should be understood considering wider
geographical area encompassing diverse agro-ecological conditions and
climates. The impact of climate hazard vulnerability on adoption and
long-term usage decisions also remains unexplored.

Considering the aforementioned context, the aim of this study is to
examine the multidimensional nature of SOMET use over time, consid-
ering the challenges posed by increasingly risky climate conditions. The
specific objectives of this study are as follows: 1) to assess the SOMET
usage status in four types (i.e. long-term non-usage, dis-usage, late-usage
and long-term usage) over the study periods of 2013, 2016 and 2020; 2)
to evaluate the difference among these groups in terms of demographic,
socio-economic, farm and institutional factors as well as climate hazards
vulnerability (i.e. flood, drought, salinity, heavy rainfall, river erosion,
storm, cyclone); and 3) to identify the drivers and constraints of long-
term non-usage, dis-usage, late-usage and long-term usage of SOMET
using large-data sets covering wide geographical area. Through ana-
lysing these objectives, this study will cover the global research gap on
long-term use and non-use of SOMET while considering wide geo-
graphical area and various climate hazards factors.

Bangladesh was selected as case study in this research. The country’s
economy is hugely dependent on agriculture, contributing 11.50% of
GDP (MoF, 2023). The quantity of arable land has decreased from
65.05% in 2010 to 58.19% in 2020 due to land use shifts with an annual
rate of 0.68% (SRDI, 2020). Bangladesh has been experiencing severe
soil degradation (SRDI, 2020). SOM depletion poses a major constraint
for higher crop production in the country (Hasan et al., 2020), with
approximately 35% and 60% of land having low to very low (SOM<1.7)
and medium SOM level (1.71<SOM<3.4), respectively in 2020. Only
4.58% and 1.40% of lands are respectively under high (3.41<SOM<5.5)
and very high level of SOM (SOM>5.5). Moreover, 27% of arable areas
are prone to soil nutrients depletion due to intensive farming (SRDI,
2020). Bangladesh ranks as the 7th most vulnerable country to climate
change according to the Global Climate Risk Index-2021 (Eckstein et al.,
2021), which could result in a 33% yield loss by the next century (Karim
et al., 2012). Rice is one of the most intensively grown crops in the
country and the crop provides the main staple food of Bangladeshi
population occupying 75% of the total cropped area (BRRI, 2020).

2. Methodology
2.1. Data collection and refinement

Data from three rounds of Bangladesh Integrated Household Survey
(BIHS) conducted by the International Food Policy Research Institute
(IFPRI) in 2013, 2016 and 2020 was used for this study along with
climate information from government websites of Bangladesh (SRDI,
2021; DAE, 2020; MoDMR, 2016). The BIHS data of 2013, 2016 and
2020 are national surveys covering statistically representative sites of
the whole Bangladesh (IFPRI, 2020; 2013). These surveys include 1)
detailed data on household members’ anthropometric measurements,
demographic, socio-economic condition, dietary intake as well as data
on plot-level agricultural production and practices and women’s
empowerment; 2) a community survey supplementing the BIHS data to
provide information on area-specific contextual factors such as
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institutional and infrastructural facilities.
“Insert Fig. 1 here”

2.1.1. Dependent variables

To formulate the dependent variables of SOMET use status, a panel
dataset was constructed from the survey data (BIHS 2013, 2016 and
2020). BIHS-2013, 2016 and 2020 respectively collected data from
6500, 6500 and 5604 rural households (IFPRI, 2013, 2016, 2020). As
the present study is based on rice-farmers, all datasets were refined to
constitute datasets of [only] rice-cultivating households. After exclusion
of household who didn’t cultivate rice, 2988, 3082 and 2681
rice-cultivating households from BIHS-2013, 2016 and 2020, respec-
tively, were retained for the study. To find the SOMET usage status of the
same households in the three rounds of datasets, a next filtering was
conducted by matching the households’ id from three datasets. In total,
1659 rice-farming households were matched from all three rounds of
surveys. Dataset of these matched 1659 households is referred as
“Matched sample”.

Use of organic fertilizer, manure and compost are the only SOMET
consistently reported with the available information in all the three
BIHS. A screening of the matched samples confirmed that these SOMET
practices are known and used by farmers. The number of user and non-
user of these SOMET were then calculated for each survey year. Here,
user refers to households who used any one of the mentioned SOMET or
a combination of these during rice-cultivation and non-user means those
that did not. Since SOMET is an old technology in Bangladesh, the term
“use” is used instead of “adoption”. Yearly-user status means the number
of users and non-users within matched sample in each survey year
(Fig. 2). To identify the SOMET use status over time, we categorized the
below dependent variables based on SOMET application over time:

e Long-term user: that practiced SOMET continuously over all three
survey years.

Late-user: that did not use SOMET in early survey years but applied
later (i.e., did not use in BIHS-2013 but applied in BIHS-2016 and
BIHS-2020/did not use in BIHS-2013 and BIHS-2016 but used in
BIHS-2020).

Dis-user: that applied SOMET in early years but did not use later (i.e.,
used in BIHS-2013 and abandoned in both BIHS-2016 and BIHS-
2020/used in BIHS-2013 and BIHS-2016, and abandoned in BIHS-
2020/didn’t use in BIHS-2013 but applied in BIHS-2016 and again
abandoned in BIHS-2020).

Long-term non-user: that did not use SOMET in any of the three
survey years.

This study considers only three years of BIHS datasets to define long-
term user and non-user of SOMET due to the unavailability of any other
relevant long-term panel datasets. This shortcoming can be fulfilled in
the future research with utilizing continuous year of panel datasets with
longer time-period.

2.1.2. Explanatory variables

For selecting the explanatory variables, we thoroughly reviewed the
broadest set of relevant existing literature selected from Scopus, Web of
Science, Science Direct and Google Scholar with the search string of
("adoption") AND (“determinants” OR “drivers”) AND (“Soil Organic
Carbon” OR “Soil Organic Matter” OR "soil management" OR "soil con-
servation practices" OR “land management”) AND (“farming” OR
“agriculture”) in the title-abstract-keywords. Different factors were
identified to significantly influence sustainable farm-practices adoption
and application either positively or negatively in different contexts
(Alemu et al., 2023; Fentahun et al., 2023; Anik et al., 2022; Begho et al.,
2022; Chuma et al., 2022; Singana Tapia and Satama Bermeo, 2022;
Yifru and Miheretu, 2022; Bekele et al., 2021; Kwadzo and Quayson,
2021; Mponela et al., 2021; Mwaura et al., 2021; Oyetunde-Usman et al.,
2021; Zeweld et al., 2018; Recha et al., 2015). These factors are

Soil & Tillage Research 240 (2024) 106066

demographic and socio-economic characteristics (e.g., age and gender of
household head, dependency-ratio, household size, education, asset,
income, off-farm income, women-empowerment, food insecurity sta-
tus), farm characteristics (e.g., farm-size, livestock, irrigation facilities,
tenure, production shock), cognitive factors (perception of soil erosion,
soil degradation and climate change), institutional and infrastructural
access (e.g., market distance, road access, extension service, training,
risk attitude, group membership, credit access). A few literature
considered the impact of biophysical factors (e.g., drought, soil fertility,
slope, temperature change, average rainfall, flood, salinity, cyclone)
(Fentahun et al., 2023; Anik et al., 2022; Mairura et al., 2022; Singana
Tapia and Satama Bermeo, 2022).

The relevance of these variables was discussed with soil experts and
production economics experts from Bangladesh and Australia and those
that were consistently available from the survey data were identified to
obtain a final list of variables for analyses. The list includes the house-
holds’ demographic, socio-economic and farm characteristics, institu-
tional and infrastructural access (e.g., age and gender of household
head, who makes decision regarding fertilizer application, dependency-
ratio, household size, household heads’ and female members’ education,
asset, off-farm income, economic shock, farm-size, livestock value,
irrigation facilities, tenure, distance to nearest town, road access, sub-
sidy card, extension service, NGO assistance, training, credit access).
Some biophysical factors (e.g., flood depth, river erosion) were only
available in the BIHS-2020 (IFPRI, 2020) and for an exhaustive evalu-
ation, information on vulnerability to other climate hazards (e.g.,
salinity, storm, cyclone and heavy rainfall) was organized from the
Bangladesh Agro-Meteorological Information Portal (DAE, 2020).
Drought severity information was collected from the Ministry of Disaster
Management and Relief (MoDMR, 201 6).! Furthermore, SOM status was
collected from the Soil Resource Development Institute (SRDI) (SRDI,
2021). Information from the Bangladesh Agro-Meteorological Informa-
tion Portal, Ministry of Disaster Management and Relief, and Soil
Resource Development Institute are collected at sub-district level. All
these datasets were collated with BIHS dataset by households’
sub-district information using STATA 16 (StataCorp, 2023). Multi-
collinearity among these variables was tested using variance inflation
factor (VIF). VIF reflects multicollinearity through quantifying the
extent to which the behavior (variance) of an independent variable is
influenced by its correlation with other independent variables (IVicCor-
mick and Salcedo, 2017). VIF values range from 1 to infinity. VIF=1
reflects an assumed total absence of collinearity, VIF> 2.5 indicates
existence of considerable collinearity among variables, VIF> 5 reflects a
cause for concern and VIF> 10 indicates a serious collinearity problem
(Johnston et al., 2018; Thompson et al., 2017; Gareth et al., 2013).
Variables with VIF more than 5 were then excluded for avoiding mul-
ticollinearity (McCormick and Salcedo, 2017). For the remaining vari-
ables, the mean VIF was 1.25. All retained variables’ VIF range from
1.06 to 1.80 which minimizes to almost no correlation between the
explanatory variables (Table Al). Table 1 presents the description and
sources of all the considered explanatory variables.

2.2. Econometric analyses

Since the dependent variables are ordinal, an ordered logit model
was used to find out the determining influencing factors of different use
status and their magnitude of impact. Using latent variable, the model
can be expressed as follows:

! Due to unavailability of current information, we utilized the drought
severity information published in 2016. Drought is a recurrent event and
sometimes an inherent condition, thus it might not drastically change within a
few years.
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Fig. 1. Spatial distributions of matched sample location (i.e., Sub-district) in the Bangladesh Integrative Household Surveys (BIHS in 2013, 2016 and 2020) (Data
source: [FPRI, 2013; IFPRI, 2016; IFPRI, 2020). The four different colored shapes represent the distribution of sub-district where the four groups belong.

A{(SOMET use’) = Xif+e;
i=1

Where SOMET use” reflects the usage status which takes on values 0 to k-

categories. The dependent variable is categorized into “four-point scale”
ranges from zero to three according to the SOMET usage status:lp =

0if A7 <@y, refers to Long-term non-user A; = 1lif A7 <@,
refers to Dis-userdy; = 2if A} <@,, refers to Late-user 1z =
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Whole BIHS 2013 BIHS 2016 BIHS 2020
Sample N = 6500 N = 6500 N = 5604
2013 2016 2020
W N =2988 N = 3082 N =2681
2013 2016 2020
N =1659 N = 1659 N =1659
User = Non-user = User = Non-user = User = Non-user =

579 (34.90%) 1,080 (65.10%)

346 (20.86%)

1,313 (79.14%) 480 (28.93%) 1,179 (71.07%)

cac K aa
‘ Long-term user Late-user
47 (2.83%) 337 (20.31%)

—_— \
Dis-user Long-term non-user

473 (28.51%) 802 (48.34%)

Fig. 2. Detail steps of dependent variables organization from three rounds of the Bangladesh Integrated Household Survey (BIHS 2013, 2016 and 2020).

3if A7 < @s,refers to Long-term userhere, A; is the latent variable
(or unobserved) usage status, X is a vector of influential variables
affecting the usage status. § is a vector of parameters denoting the
relationship between use status and explanatory variables X and ¢ is an
identically distributed error term with variance one and mean zero. j is
the observed variable and y is the threshold parameter. The threshold
parameters ¢; are the cut-off points between adjacent values of the
observed dependent variable. The probability associated with a farmers’
SOMET use status can be written as follows:

ﬂ(ﬂi < %) = Ay, —X,8) — Ay, — X.p);

here, j is the observed variable and y is the threshold parameter. The
formal ordered logistic regression model is:

Logit(Y;) = Log, (lf—ﬂ) =+ BXi+e
here, Y; is the dependent variable reflecting rice farmers’ SOMET use
status and X; represents the determining explanatory factors (Williams,
2018). The data analyses of the ordered logit model were carried out
utilizing STATA 16 to identify the determinants of long-term usage,
late-usage, dis-usage, and long-term non-adoption (Williams, 2006).
Descriptive statistical analyses using ANOVA and Chi-square test were
respectively performed for continuous and categorical variables (Ham-
ilton, 2012). These analyses were also conducted in STATA 16 to assess
statistically significant differences among the groups (StataCorp, 2023).

3. Results
3.1. SOMET use status over time

The long-term non-user who never adopted SOMET throughout three
survey years stands out among the four groups, comprising around half
of the sample (48%). Following them are the dis-users (29%), who dis-
continued practicing SOMET after initially adopting it. The smallest
proportion of sample (3%) represents long-term users, meaning they
consistently practiced SOMET in each of the three survey years. Late-
user constitutes 20% of the sample.

3.2. Differences for descriptive characteristics among the four groups

Differences in biophysical conditions for production and socio-
economic descriptor were observed among long-term non-users, dis-
users, late-users, and long-term users. These differences were signifi-
cant for flood depth, drought, salinity, storm and cyclone vulnerability
(p<0.01). Long-term non-users experienced an average flood depth of
four feet at their farm plots, while the other three groups report that
flood depth values ranging from 2.60 to 2.70 feet. Overall, a higher
percentage of long-term non-users and dis-users live in salinity, storm
and cyclone risk-areas compared to late-users and long-term users.
Larger percentage of long-term users and late-users live in drought-
prone regions compared to long-term non-users and dis-users. Vulner-
ability to heavy rainfall also showed significant differences among the
four groups (p<0.1). More than 90% of farmers in all four groups live in
heavy rainfall-risk regions. Long-term user and late-user households had
more educated female members (p<0.01). Long-term user significantly
owned 26%, 74% and 72% more assets, farm-size, and livestock values
than the long-term non-user (p<0.01) (Table 2).

3.3. Determinants of SOMET usage over time

Table 3 illustrates the coefficients from ordered logistic regression
model while Table 4 delineates the marginal effects of explanatory
variables on the four SOMET usage groups. The log likelihood-ratio test
is highly significant, indicating a good fit, and the pseudo-R-Square that
demonstrates the model’s explanatory power. The threshold estimates
@; in Table 3 imply the cut-off values between any two adjacent groups
of dependent variables. These are equivalent to the intercept of the
linear model predicting an adoption status value if all explanatory var-
iables are set to zero (Williams, 2018). For instance, the cut-off value 3.3
is the estimated threshold-point on the latent variable that distinguishes
between ‘late-user’ and ‘long-term user’ when all the predictor variables
values are set to zero.

The strongest predictors of SOMET use over time are flood depth,
heavy rainfall, salinity, storm and cyclone vulnerability, drought, SOM
level, age of household head, women education, farm-size, and livestock
values. Experiencing heavy rainfall increases the probability of being
long-term non-user and dis-user of SOMET by 22% and 8% respectively
while reduces the probability of being long-term user by 2%. Salinity,
storm and cyclone vulnerability increase the likelihood of being long-
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Table 1

Description and summary statistics of explanatory variables for the whole
matched sample (N = 1659). Means are reported with standard deviations while
mean refers to the average, calculated through dividing the sum of all values by
N for specific explanatory variable. Frequency describes the number and per-
centage among total N under a particular category.

Variable

Description

Mean Source

(SD+)

Frequency

n %

Household
head’s
education

Women
education

Age

Dependency-

ratio

Asset

Decision

Subsidy card

Extension

Farm size
Distance to
town

Livestock

Flood depth

Riverbank
erosion

Formal schooling
completed by the
household head
(years)

Formal schooling
completed by the
woman, mostly
household head’s
spouse (years)
Age of the household
head (years)

Ratio of economically
inactive household
members to total
household members
(ratio)

Market value of all
agricultural and non-
agricultural
productive assets
(excluding land)
owned by the
household ("O0USD/
per capita)

Category; Who make
the decision
regarding whether to
use fertilizer for field.
Self =1

Spouse = 2

Other household
member = 3

Other non-household
member = 4
Dummy; households’
access to agricultural
input subsidy card
Had =1

Otherwise = 0
Dummy; households’
status of receiving soil
and/or fertilizer-
related extension
service from
government/NGOs
officials

Received = 1
Otherwise = 0

Total area planted
under different crops
(ha)

Distance to the
nearest town from the
household (km)

The market value of
owned livestock by
the households
(‘O0USD)

The usual flood depth
during monsoon/
flood season, in case
of multiple plots the
plot with maximum
depth was reported (0
if not flooded) (feet)
Dummy; households’
status of losing any

3.55 + IFPRI,
4.16 (2020)

331+
3.51

49.15

12.18
0.74 +
0.13

2.98 +
2.86

1620  97.65
20 1.21
12 0.72

354 21.34
1305 78.66

327 19.71
1332 80.29
0.56 +
0.56

11.13
28.45

5.75 &
6.62

3.29 +
3.54
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Table 1 (continued)

Variable Mean Source

(SD+)

Description Frequency

%

land due to riverbank

erosion

Lost land =1 18 1.08
Otherwise = 0 1641 98.92
Dummy; whether

household live in

drought-prone region

Prone-region = 1 712 42.92
Otherwise = 0 947 57.08
Dummy; whether DAE,
household live in (2020)
salinity affected area

Affected 398
Non-affected 1261
Dummy; whether

household live in

storm and cyclone

risk area

Risk region = 1 1025
Otherwise = 0 634
Dummy; whether

household live in

rainfall (i.e. one-day

maximum rainfall in

mm) risk region,

0 otherwise

Risk region= 1 1571 94.70
Otherwise = 0 88 5.30
Category; soil organic

matter status in

households’ location.

Very low to low (SOM 541
<17)=1

Medium (SOM = 943
1.71-3.4) =2

High (SOM = 175
3.41-5.5) to very

high (SOM >5.5) and

forest area = 3

Drought MoDMR,

(2016)

Salinity

23.99

76.01

Storm &
cyclone

61.78
38.22
Rainfall

SOM level SRDI,

(2021)
32.61
56.84

10.55

Note: Mean and Standard Deviation (SD+) are calculated for continuous vari-
ables while Frequency (n and %) are estimated for categorical variables.

term non-use by 17%. One mm increase in flood-depth at farm-plot in-
creases the probability to be long-term non-user by 3%. Farmers living in
drought-prone areas have 12% lower probability to be long-term non-
user and 1% higher probability to be long-term user. SOM level is
negatively related with long-term non-use, but farmers with high SOM
field presented higher probability to dis-use SOMET. Demographic and
socio-economic characteristics such as with increasing age of household
head, higher educated female member, larger farm-size and livestock
values positively influence long-term use (Table 3 and Table 4).

4. Discussion
4.1. Long-term use and dis-use of SOMET

Farmer’s decision-making process for technology adoption and
following a practice for long-term are complex and multistage (Ng,
2020; Teshome et al., 2016). In this study, most of the farmers are
long-term non-user (48%) while 29% discontinued previously adopted
practices and the least are long-term user (3%) among the sample of
Bangladeshi rice farmers. These findings are consistent with established
reports of low adoption and use of SOMET in agricultural systems
(Sharna et al., 2023; Ngongo, 2016; Teklewold et al., 2013). Fertilizers
receive high priority from the Bangladesh government as a significant
input for rice production and subsidies on chemical fertilizers have been
supported with an overall objective of boosting agricultural production
(Nasrin et al., 2018). The government provides high amount of subsidy
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Table 2
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Descriptive statistics of explanatory variables for four groups of soil organic matter enhancing technologies (SOMET) including long-term non-user, dis-user, late-user,
long-term user. Mean refers to the average calculated through dividing the sum of all values by N for specific explanatory variable. Frequency with number and
percentage among total N under a particular category are also shown. F and Chi-square value were reported with star marks representing statistical significance level

for differences among the four groups.

Variables Long-term non-user Dis-user Late-user Long-term user F/Chi-squaref

Mean Frequency Mean Frequency Mean Frequency Mean Frequency

N % n % n % n %

Household head’s education 3.58 3.37 3.59 4.42 1.00
Women education 3.25 3.21 3.39 4.55 2.21%
Age 48.67 49.21 50.13 49.72 1.19
Dependency-ratio 0.75 0.74 0.73 0.71 2.40%
Asset 2.81 2.89 3.45 3.54 4.73%%*
Decision 5.88
Self 776 96.76 466 98.52 331 98.22 47 100.00
Spouse 15 1.87 3 0.63 2 0.59 0 0.00
Other household members 7 0.87 3 0.63 2 0.59 0 0.00
Other non-household members 4 0.50 1 0.21 0.59 0 0.00
Subsidy card 9.57**
Had 166 20.70 86 18.18 88 26.11 14 29.79
Didn’t have 636 79.30 387 81.82 249 73.89 33 70.21
Extension 12.89%**
Received 142 17.71 85 17.97 89 26.41 11 23.40
Didn’t received 660 82.29 388 82.03 248 73.59 36 76.60
Farm-size 0.51 0.52 0.68 0.89 14.04%**
Distance to town 10.88 12.13 10.60 9.28 0.32
Livestock 4.92 6.02 6.97 8.46 11.08%**
Flood depth 3.99 2.63 2.65 2.70 20.48%***
Riverbank erosion 0.80
Lost land 9 1.12 6 1.27 3 0.89 0 0.00
Didn’t lose land 793 98.88 467 98.73 334 99.11 47 100.00
Drought 55.79%**
Prone region 283 35.29 210 44.40 185 54.90 34 72.34
Non-prone region 519 64.71 263 55.60 152 45.10 13 27.66
Salinity 38.52%**
Affected 239 29.80 104 21.99 53 15.73 2 4.26
Non-affected 563 70.20 369 78.01 284 84.27 45 95.74
Storm & cyclone 95.84**
Risk region 573 71.45 291 61.52 142 42.14 19 40.43
Non-risk region 229 28.55 182 38.48 195 57.86 28 59.57
Rainfall 7.38%
Risk region 770 96.01 442 93.45 313 92.88 46 97.87
Non-risk region 32 3.99 31 6.55 24 4.45 1 2.13
SOM level 5.50
Very low to low 273 34.04 141 29.81 111 32.94 16 34.04
Medium 463 57.73 275 58.14 184 54.60 21 44.68
High to very high 66 8.23 57 12.05 42 12.46 10 21.28
N 802 473 337 47

Note: Mean is calculated for continuous variables while frequency (n and %) is estimated for categorical variables. { F and Chi-square value were derived from ANOVA
and Pearson Chi-square test, respectively. *, ** and *** refer to significance level of 10% (p<0.1), 5% (p<0.05) and 1% (p<0.01).

on chemical fertilizer which has been increasing every year (Salam et al.,
2021; Nasrin et al., 2019). Heavy subsidies on chemical fertilizer have
been reported associated to its inefficient application and overuse (Islam
and Beg, 2021) and negatively affect continued practice of soil conser-
vation methods (Alemu et al., 2023). Furthermore, the availability of
organic fertilizer and manure has not been kept up with fertilizer de-
mand (Hossain, 2012) due to limited number of authorized commercial
composting industries (Matter et al., 2015). All of these have led to high
long-term non-usage and dis-usage along with extremely low long-term
use of SOMET. Policies should focus on spreading knowledge on
long-run benefits of SOMET and prioritize on context-specific strategies,
so that farmers can experience production and economic benefits from
SOMET application along with other suitable technologies, which can
ultimately improve both initial adoption and continuation of SOMET
application.

4.2. Differences among the four groups based on climate and socio-
economic factors

Long-term non-users live in more flood, salinity, storm and cyclone

vulnerable areas in comparison to long-term user, late-user and dis-user
of SOMET (Table 2). This implies that farmers in those climate hazards
vulnerable areas do not use SOMET in the long-run and might prefer
other technologies to adapt with these climate vulnerabilities. Existing
literature also confirm low application of sustainable fertilization
methods in climate vulnerable areas (Anik et al., 2022; Sharna et al.,
2022, 2020). Long-term users of SOMET are in better position compared
to long-term non-user, dis-user and late-user in terms of socio-economic
factors, including education of female household member, owned assets,
farm-size, and livestock values. The results revealed that female member
of long-term user households has on average 40% more education than
female member of long-term non-user household based on formal year
of schooling (Table 2). Previous literature confirmed the higher educa-
tion status among the members of households who use sustainable
technologies (Yifru and Miheretu, 2022). The long-term user households
owned 75% larger farm-size than long-term non-user and dis-user
households. The adopters of sustainable land management also own
more farming land than non-adopters (Yifru and Miheretu, 2022; Van
Song et al., 2020). This implies that farmers who adopt and practice
sustainable technologies have larger landholdings. As indicated in
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Table 3

Determinants of soil organic matter enhancing technologies (SOMET) use among
the four groups (i.e., long-term non-user, dis-user, late-user, and long-term user).
Results were estimated from the matched sample by conducting ordinal logistic
regression model in STATA 16.00.

Variables Co-efficient St. Er. P-value
Household head’s education -0.01 0.01 0.68
Women education 0.03* 0.01 0.09
Age 0.01%** 0.00 0.00
Dependency-ratio -0.39 0.38 0.31
Asset -0.03 0.02 0.22
Decision -0.27 0.19 0.16
Subsidy card 0.07 0.12 0.58
Extension 0.09 0.12 0.46
Farm size 0.23** 0.09 0.01
Distance to town -0.00 0.00 0.83
Livestock 0.04* 0.01 0.00
Flood depth -0.12%%** 0.02 0.00
Riverbank erosion 0.49 0.76
Drought 0.10 0.00
Salinity 0.14 0.00
Storm & cyclone 0.12 0.00
Rainfall 0.22 0.00
SOM level 0.08 0.09
Threshold values

Threshold 1 (&) -0.59 0.43

Threshold 2 (05) 0.84 0.43

Threshold 3 (05) 3.31 0.45

Model Diagnostic

Log likelihood -1747.55

LR chi2(18) 267.17

Prob > chi2 0.00

Pseudo R2 0.34

Number of obs. 1659

Note: *, ** and *** refer to significance level of 10% (p<0.1), 5% (p<0.05) and
1% (p<0.01).

Table 4

Marginal effect estimates for explanatory variables on four groups of soil organic
matter enhancing technologies (SOMET) including long-term non-user, dis-user,
late-user, long-term user. Marginal effect values are estimated from the coeffi-
cient results of the ordinal logistic regression model in STATA 16.00.

Variable Long-term non-  Dis-user Late- Long-term
user user user
Household head’s 0.001 -0.0004 -0.001 -0.0001
education
Women education -0.01* -0.002* 0.003* 0.006*
Age -0.003*** 0.001*** 0.001*** 0.0003***
Dependency-ratio 0.10 -0.03 -0.06 -0.01
Asset 0.01 -0.002 -0.004 -0.001
Decision 0.07 -0.02 -0.04 -0.01
Subsidy card -0.02 0.01 0.01 0.001
Extension -0.02 0.01 0.01 0.002
Farm size -0.06%* -0.02%* 0.03** 0.01**
Distance to town 0.0001 -0.00003 -0.00004 -6.36e-06
Livestock 0.003***  0.01*
Flood depth 0.01%=**
Riverbank erosion -0.04 0.01
Drought * -0.04%**
Salinity 0.06%+* }
Storm & cyclone 0.17%** 0.07*** -0.11%** 0.01%**
Rainfall 0.22%** 0.08%** -0.13%%* 0.02%**
SOM level -0.03* 0.01* 0.02 0.003
Note: *, ** and *** refer to significance level of 10% (p<0.1), 5% (p<0.05) and

1% (p<0.01).

Table 2, long-term users hold two times value of livestock as of
long-term non-users. This result suggests that owning more livestock
increases SOMET use since the practice includes manure application
which source is livestock waste (Sharna et al., 2022; Mugwe et al.,
2009). Adopters of soil and water conservation practices also had higher
livestock ownership than non-adopters (Yifru and Miheretu, 2022;
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Bekele et al., 2021).
4.3. Climate hazards and SOMET use

Climate hazards, namely, flood, drought, salinity, heavy rainfall,
storm and cyclone affect different SOMET usage groups in different di-
rections in our study. Both increase in flood-depth in the farm-plot and
being in the heavy rainfall vulnerable region support long-term non-
usage and dis-usage. Rising flood depth and heavy rainfall vulnerability
hinder the likelihood of long-term use and late-use and support long-
term non-use and dis-use (Tables 3 and 4). SOMET application and
homestead composting are difficult and unfeasible during heavy rainfall
and in flooded areas. The beneficial effect of SOMET on grain yield is
significantly low in flooded rice field (Yang et al., 2004). Additionally,
rain also washes away of applied organic fertilizer, compost and manure
as those are applied on top of soil (Hagedorn et al., 1997). These factors
are likely to explain the high probability for long-term non-usage and
dis-usage of SOMET in flood affected and heavy rainfall vulnerable re-
gions. Tambet and Stopnitzky (2021) reported similar results that one
year of high rainfall reduces soil conservation adoption while fertilizer
use is less sensitive to weather fluctuations. Nguru et al. (2021)
concluded that rainfall negatively influences use of manure and Sharna
et al. (2022) reported that flood reduces the likelihood of organic fer-
tilizer use. Rain and flood forecasts can assist farmers plan the timing of
SOMET application and minimize the risk of wastage due to floods and
heavy rainfall. This, in turn, could enhance SOMET application in flood
and rainfall-prone regions.

Farmers residing in saline-affected areas are as well observed more
likely to be long-term non-user and dis-user due to the negative impact
of salinity on rice production as well on soil quality in the long-term
(Dewi et al., 2022; Sarker et al., 2022). Consequently, farmers tend to
rely on inorganic fertilizer application in the short-term to ensure sea-
sonal production, as benefits of SOMET may not be evident immediately
due to its long-term improvement of the soil quality (Holatko et al.,
2023; Li et al.,, 2023; Sedlar et al., 2023). Similar findings were
encountered by Sharna et al. (2022) where salinity reduces the likeli-
hood of organic fertilizer application. Increased storm and cyclone risks
reduce the likelihood of long-term use of SOMET as well (Tables 3 and
4). Storm and cyclone have devastating impacts on agriculture, partic-
ularly on paddy production in coastal areas due to their sudden occur-
rence and lack of pre-season forecasts (BBS, 2016). For these reasons,
farmers who adopted SOMET may abandon the technologies (i.e.,
dis-user) while others would continue to not apply it. In climate
vulnerable areas, technologies that offer immediate production benefits
and can overcome biotic and abiotic challenges (e.g., chemical input,
stress-tolerant varieties) are more likely to have higher adoption rates
(Anik et al., 2021; Sharna et al., 2020; Shikuku et al., 2017).

In contrast, drought increases the probability of long-term use and
late-use whilst decreases the likelihood of long-term non-use and dis-
use. Farmers in drought-prone areas use SOMET, as the practices can
enhance soil water retention capacity (Zhou et al., 2020). Similar results
were reported by Sharna et al. (2022) and Anik et al. (2022) where
drought increases adoption of sustainable soil management practices.
Furthermore, drought is a recurrent event and sometimes an inherent
condition (MoDMR, 2016), thus beneficial SOMET effects in soil water
retention motivate their continuous use as adaptation and climate
resilience build up strategies. Therefore, it is important to promote site
and climate vulnerability specific strategies targeting SOMET dissemi-
nation for improving farmers capability to adopt and practice sustain-
able management.

4.4. Soil organic matter status and SOMET use
Soil quality is the central issue of investing in sustainable soil or land

management (Teshome et al., 2016). The probability of long-term
non-use decreases for farmers in sites with high level of SOM, but it
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increases dis-usage. Farmers may perceive less need of SOMET with
SOM improvement, leading to dis-usage. Dis-adoption can occur when
the cost of technology offsets the short-term economic returns from
adopting the technology, even if it has the potential to improve and
sustain productivity. In the decision-making process, short-term eco-
nomic return becomes a key parameter, often overriding environmental
aspects (Kong et al., 2021). Some authors identified insufficient recog-
nition of soil erosion risk as reasons for abandoning previously adopted
sustainable land management technologies (Alemu et al., 2023, 2022).
Furthermore, increase of SOM may induce retention of soil nutrients
leading to decrease of fertiliser application efficiency in the short term in
rice-based systems (Chivenge et al., 2020). SOM is the indicator of
adjustment of nutrient management and the key for site specific nutrient
management (Chivenge et al., 2021). Here, technical training can in-
crease awareness among farmers about the long-term benefits of SOMET
and not expecting immediate economic returns, which can reduce
dis-usage rates.

4.5. Effects of socio-economic and farm characteristics on SOMET use

The results suggested that increase in women education increases the
likelihood of being long-term user and late-user. Women contribute to
50-70% of the agricultural labor force in Asia and Pacific region (ILO,
2021), compared to 43% globally (FAO, 2020) while women contribu-
tion in agriculture sector of Bangladesh has been increasing (ADB,
2016). Hence, women education plays an important role in technology
adoption and continued usage. Farm-households with higher education
level, especially with educated female member, have higher knowledge
acceptance and awareness about soil degradation (Mairura et al., 2022;
Yifru and Miheretu, 2022; Betela and Wolka, 2021; Tesfahunegn, 2019),
which increase likelihood of SOMET use. Similar role of women edu-
cation was reported by Xu et al. (2022) and Silva et al. (2022) respec-
tively for adoption of sustainable practice and best management
practices. Therefore, initiatives that improve women access to education
and information would be beneficial for SOMET application in the
long-run and thus improve sustainability of Bangladeshi rice farming
systems.

Farmers who report owning larger farm-size, have higher probability
of being long-term user and late-user. Similar results were noted by
Fentahun et al. (2023) where larger land ownership increases invest-
ment in manure and compost. Achieving economies of scale is easy in
large farms due to huge production with stronger risk resistance, tech-
nology adoption capabilities, and better understanding of field man-
agement (Xu et al., 2022). Thus, they incline more to use SOMET for
long-term. In contrast, small-farmers are constrained by farm-conditions
including limited affordability for inputs and scope of technology
application which decreases application of sustainable options (Xu et al.,
2022). Another farm-characteristic is the value of owned livestock
which positively contributes to SOMET use over time. Livestock waste
acts as a source of organic manure which contributes to increasing
likelihood of SOMET application (Sharna et al., 2022; Mugwe et al.,
2009). Likewise results were found by Mairura et al. (2022). All these
results recommend strengthening farm-households socio-economic
condition which eventually strengthens the capacity to adopt and use
sustainable management in the long-run mitigating land degradation
and securing food production at regional, national and global scale.

5. Conclusion and recommendation

Sustainable farm-practices such as SOMET can sustain production
without unintentional detrimental impact on environment. This study
on SOMET use among Bangladeshi rice farmers found that long-term
application of SOMET is low (3%) and almost 48% of the households
are long-term non-user followed by dis-user (29%). We observed sig-
nificant differences of environmental and socio-economic conditions
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among the identified SOMET user categories, namely, long-term non-
user, dis-user, late-user and long-term user. The main contributing fac-
tors decreasing likelihood of long-term application of SOMET are flood
depth, salinity, heavy rainfall, storm and cyclone vulnerability. In
contrast, increase of drought risk, farm-size and value of owned live-
stock increase likelihood of long-term usage. Higher SOM level reduces
the probability of long-term non-use but increases dis-use. Women ed-
ucation significantly raises SOMET long-term use highlighting the role
of women’s education and empowerment for sustainability in
agriculture.

This study reaffirms findings from previous literature and provides
insights for policymakers to promote adoption and use of sustainable
practices. Long-term use of SOMET is context-specific and hindered by
climate hazards, necessitating context-specific policies based on climate
vulnerability, local pedoclimatic and environmental conditions rather
than common policies for all climate vulnerable areas. Likewise, varia-
tions in the effects of socioeconomic and farm characteristics should be
considered when designing adoption strategies. Enhancing knowledge
and skills of farmers and female household members through technical
and resource supports could assist continuation of SOMET application.
Uplifting farmers’ economic status through livestock ownership and
larger farm size can make them more receptive to sustainable technol-
ogies, focusing on long-run profitability over short-term gains. Agri-
cultural subsidies and rewards in both short and long-term can
encourage initial adoption and continuation of application of soil
organic fertilization methods.

Further comprehensive and long-run research is required with
consecutive yearly data on farmers’ perception and experience on short-
term and long-term benefits of SOMET adoption and application.
Revealing of farmer’s experience on impact after SOMET application can
provide thorough reasons of long-term non-usage, dis-usage and late-
usage. This would assist policy makers to design suitable policies to
reduce dis-use and long-term non-use. Future studies also need to pay
more attention on how to promote SOMET along with other climate
mitigation and adaptation strategies which can ultimately improve
farmers ability to adapt to climate change.
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Annex.

Table Al
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Multi-collinearity test among the explanatory variables (i.e., VIF =

Variance Inflation Factor)

Variable

Head education
Women education
Age

Earning-ratio
Asset

Decision

Subsidy card
Extension

Area planted
Distance to town
Livestock

Flood depth
Riverbank erosion
Drought

Salinity

Storm & cyclone
Rainfall

SOMS

Mean VIF

VIF 1/VIF
1.40 0.71
1.46 0.68
1.20 0.83
1.12 0.89
1.80 0.55
1.03 0.97
1.10 0.90
1.07 0.93
1.15 0.86
1.06 0.95
1.70 0.58
1.08 0.92
1.06 0.94
1.14 0.87
1.47 0.68
1.42 0.70
1.14 0.88
1.06 0.94
1.25
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