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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• The study examines BB-SRI's effective
ness in reducing poverty in Zamfara. 

• BB-SRI method yields more rice, 
increasing revenue and profit despite 
higher costs. 

• BB-SRI users in Bakolori Irrigation 
Scheme (BIS) have lower poverty rates 
than FP method users. 

• BB-SRI use reduces monetary & non- 
monetary poverty by 83% & 52%, with 
apotential net reduction 16% & 25%, 
respectively. 

• Equitable SRI adoption should be prior
itized, balancing trade-offs for food se
curity and livelihood improvement.  
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A B S T R A C T   

CONTEXT: Zamfara State is impoverished due to low agricultural productivity, inadequate infrastructure, and 
insecurity. Research has explored System of Rice Intensification (SRI)’s agronomic benefits but not its monetary 
and non-monetary advantages for rural households in the State. 
OBJECTIVE: The study investigates the effectiveness of a best-bet SRI (BB-SRI) as a poverty alleviation strategy in 
Zamfara State by utilizing Bakolori Irrigation Scheme as a case study. The study's anticipated outcome is to 
provide insights that inform policies and practices in the agricultural sector. 
METHOD: A mixed-method approach, including survey and field experiment, was used to gather quantitative and 
qualitative data from 300 rice farming households, consisting of both users and non-users of BB-SRI in the BIS, 
Zamfara State. Foster-Greer-Thorbecke method with two poverty lines and a three-dimensional poverty index 
with three poverty cutoffs were used to analyze monetary and non-monetary poverty, respectively, while three 
impact parameters were estimated using two selection models. 
RESULTS AND CONCLUSION: Agriculture is a critical sector in the BIS area of Zamfara State, Nigeria, but limited 
electricity and large household sizes pose challenges for productivity and food security. The BB-SRI farming 
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Contents lists available at ScienceDirect 

Agricultural Systems 

journal homepage: www.elsevier.com/locate/agsy 

https://doi.org/10.1016/j.agsy.2023.103805 
Received 28 April 2023; Received in revised form 23 October 2023; Accepted 3 November 2023   

mailto:siewefrancois@yahoo.com
www.sciencedirect.com/science/journal/0308521X
https://www.elsevier.com/locate/agsy
https://doi.org/10.1016/j.agsy.2023.103805
https://doi.org/10.1016/j.agsy.2023.103805
https://doi.org/10.1016/j.agsy.2023.103805


Agricultural Systems 213 (2024) 103805

2

method, which is costlier but yields more rice, has been found to increase revenue and profitability for farmers. 
Poverty incidence varies significantly depending on the production method used, with BB-SRI users experiencing 
lower poverty rates than traditional farming methods. BB-SRI reduces non-monetary poverty by 52% among its 
users in BIS and has the potential to decrease poverty by 16% if adopted by all rice farming households in the 
region. However, the monetary benefits mainly go to those near the upper monetary poverty line, with the 
poorest sector benefiting the least. While BB-SRI reduces monetary poverty incidence by 83% among its users, 
there is a 10% increase in extreme monetary poverty. The poverty alleviation impact of BB-SRI varies across 
different sectors, with some showing larger reductions than others. Overall, if all farmers used BB-SRI, monetary 
poverty incidence would decrease by 25%, with an actual reduction of 52% among its users. 
SIGNIFICANCE: Targeted policies can ensure disadvantaged communities benefit from SRI adoption, balancing 
trade-offs between increased yields and reduced off-farm work earnings. Poverty alleviation policies are needed 
to support vulnerable populations, as SRI adoption can improve food security and livelihoods. This research on 
SRI's impact on poverty reduction in Zamfara State and northern Nigeria contributes to sustainable agriculture 
literature and policy development.   

1. Introduction 

The System of Rice Intensification (SRI) is a method of rice cultiva
tion that emphasizes the use of organic inputs, such as compost and 
green manure, and the adoption of certain practices, such as wider 
spacing of seedlings and intermittent irrigation (Siéwé et al., 2023; 
Uphoff, 2023;). SRI has been shown to increase rice yields and reduce 
the need for expensive inputs like fertilizers and pesticides (Ran
driamiharisoa et al., 2006; Uphoff, 2007; Toriyama and Ando, 2011; 
Katambara et al., 2013a, 2013b, Siéwé et al., 2023). 

In the context of poverty alleviation in Nigeria, SRI has the potential 
to improve the income of smallholder farmers by increasing their rice 
yields, reducing their costs, and improving the quality of their produce 
(Mintewab et al., 2016; Siéwé et al., 2023). In addition, SRI may also 
have non-monetary benefits such as improved soil health (Toungos, 
2018a, 2018b), and biodiversity conservation, which can contribute to 
sustainable and long-term poverty alleviation (Katayama et al., 2015). 
Consequently, the living standards, health and education of those 
practicing it can indirectly be impacted. 

Nigeria is one of the most populous countries in Africa, with a pop
ulation of over 200 million people (United Nations, 2017; Nwahia, 2021; 
UNICEF, 2021). Despite being the largest economy in Africa, Nigeria 
faces significant poverty challenges. According to the World Bank and 
the World Poverty Clock (WPC), over 40% of Nigeria's population lives 
below the poverty line of $1.90 per person/day, and this number is even 
higher in rural areas (World Bank, 2021; WPC, 2023). 

Zamfara State, located in northern Nigeria, is one of the poorest 
states in the country with a poverty rate of 70% (NBS, 2017, 2019; 
Qasim, 2020). It has a predominantly agricultural economy, with 
smallholder farmers producing crops like rice, maize, and sorghum 
(Dogo, 2014). However, the State faces significant challenges such as 
low agricultural productivity, inadequate infrastructure, and insecurity, 
which exacerbate poverty in the region (Obayelu and Osho, 2020). In 
addition, the State has also been affected by climate change, with 
recurrent droughts and floods leading to crop failures and food insecu
rity (Ibrahim and Mohammed, 2015; Anka, 2016; Bello and Abdullahi, 
2021). All of these factors contribute to a high poverty rate in Zamfara 
State (Abdussalam, 2015; Ekpa et al., 2017; Eduvie and Oseke, 2021). 

While previous studies in Nigeria have focused on the agronomic 
benefits of SRI such as increased yields, reduced water usage and factors 
affecting its adoption (Bassey, 2016; Aliyu et al., 2020; Siéwé et al., 
2023), there is limited research on the monetary and non-monetary 
benefits of SRI for farmers in Nigeria as a whole and in Zamfara State 
in particular (Siéwé, 2023). This gap in the literature is particularly 
significant given the high levels of poverty in the State and the potential 
for SRI to contribute to poverty alleviation. Therefore, this study aims to 
address this gap by analyzing both the monetary and non-monetary 
benefits of SRI for poverty alleviation in Zamfara State. 

Even though studies by authors such as Takahashi and Barrett 
(2014), Varma (2019) and Barrett et al. (2022) have examined the 

welfare impact of SRI in other developing countries, they have primarily 
used income and living standards as indicators of poverty. However, it is 
well-known that an increase in income standard or a dimension of non- 
monetary poverty does not necessarily translate to poverty alleviation 
(Todaro and Smith, 2015; Ravallion, 2016; World Bank, 2020) Notably, 
evidence of the monetary and non-monetary poverty alleviation impact 
of SRI is currently scanty, both in Nigeria and elsewhere in the world. 
Therefore, it is essential to conduct more research to understand the full 
extent of SRI's poverty alleviation potential in Nigeria. 

The objective of this study was to assess the impact of the Best-Bet 
SRI on both monetary and non-monetary poverty alleviation in Zam
fara State, Nigeria, using Bakolori Irrigation Scheme (BIS) as a case 
study. This involved measuring changes in monetary poverty following 
BB-SRI use, as well as assessing non-monetary benefits in terms of a 
three-dimensional poverty index where households' level of education, 
health status and living standards were taken into account simulta
neously. The study aims to contribute to the evidence base for the 
effectiveness of SRI as a poverty alleviation strategy in Nigeria, and to 
inform policy and practice in the agricultural sector. 

2. Literature Review 

2.1. Poverty alleviation efforts in Nigeria 

Poverty alleviation is a key priority for the Nigerian government, and 
there have been various efforts to address poverty at both the national 
and state levels (Mbanasor et al., 2013; Donkor et al., 2017; Solomon, 
2020; Kolawole, 2021). These efforts can be broadly categorized into 
monetary and non-monetary interventions. 

Monetary interventions refer to policies or programs that offer direct 
financial support to individuals or households living in poverty 
(Richards et al., 2016; Primc and Slabe-Erker, 2020; Zaneva et al., 
2022). One example of such an intervention is the National Social In
vestment Program (NSIP), which was established in 2016 to provide 
cash transfers, school feeding, and other forms of assistance to vulner
able households (Lamidi and Igbokwe, 2021; Prince et al., 2023). The 
NSIP aims to reduce poverty and improve social inclusion through tar
geted interventions. Another example is the Conditional Cash Transfer 
program, which provides cash transfers to households on the condition 
that they meet certain requirements, such as sending their children to 
school or participating in health programs (Tirivayi et al., 2016; Crop
penstedt et al., 2018). 

Non-monetary interventions, on the other hand, refer to in
terventions that aim to address poverty through means other than direct 
financial assistance. Examples of non-monetary interventions include 
improving access to education, healthcare, and basic infrastructure such 
as roads and water supply (Clotfelter et al., 2008; Parikh et al., 2015; 
Aggarwal, 2018; Zaneva et al., 2022). In the agricultural sector, in
terventions such as the provision of improved seeds, fertilizers, and 
irrigation facilities have been used to increase productivity and income 
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for smallholder farmers (Wossen et al., 2017; Manda et al., 2019; Rabbi 
et al., 2019; Lokossou et al., 2022). Moreover, the System of Rice 
Intensification (SRI) has shown substantial non-monetary advantages in 
diverse settings. Notably, studies by Krishna (2016) and Toungos (2018) 
have highlighted improved soil health, while research by Sathaiah and 
Chandrasekaran (2020) and Zain and Ibrahim (2022) has emphasized 
the reduced environmental impact as non-monetary benefits of SRI. SRI 
adoption has also been associated with increased crop resilience, as 
noted by Taneja et al. (2019), and improved food security (Katambara 
et al., 2013a, 2013b; Taylor and Bhasme, 2019). These findings under
score the multifaceted advantages of SRI, rendering it a promising 
strategy for addressing poverty within the agricultural sector (Anthofer, 
2004; Varma, 2019). 

Despite these efforts, poverty remains a significant challenge in 
Nigeria, particularly in rural areas (World Bank, 2017; NBS, 2019; Orie, 
2021). It is important to continue exploring and implementing effective 
poverty alleviation strategies, including those that combine monetary 
and non-monetary interventions. SRI is one such strategy that has shown 
promise in addressing poverty in the agricultural sector. 

2.2. SRI as a poverty alleviation strategy 

Previous research has shown that SRI has the potential to be an 
effective poverty alleviation strategy, particularly for smallholder 
farmers in developing countries. Firstly, SRI has been shown to increase 
rice yields and improve the quality of rice, which can increase the in
come of farmers. A study by Barrett et al. (2016) found that SRI led to a 
14-25% increase in rice yields in rural Bangladesh, resulting in a sig
nificant increase in farmers' profits as high as 33%, despite 
less-than-perfect adoption. In addition, SRI requires fewer inputs such as 
fertilizers and pesticides, which can reduce costs for farmers and make 
rice production more profitable (Sampriti, and Savita, 2022). 

SRI has non-monetary benefits that contribute to sustainable poverty 
alleviation, such as improving soil health and reducing greenhouse gas 
emissions. Krishna (2016) found that SRI improves soil health and re
duces the need for chemical fertilizers. Barrett et al. (2022) found that 
SRI adoption positively impacts households' social status and life satis
faction among Bangladeshi farmers. SRI practices such as the use of 
organic inputs and intermittent irrigation can increase biodiversity 
(Doni et al., 2019; Uphoff, 2023). Such benefits can have significant 
long-term effects for farmers and the environment. 

Finally, SRI has the potential to be a more inclusive strategy for 
poverty alleviation, particularly for women and marginalized groups 
(Noltze et al., 2012). SRI practices such as the use of organic inputs and 
reduced water requirements can be more accessible and affordable for 
smallholder farmers who may not have access to expensive inputs or 
irrigation facilities (Uphoff, 2004; Lal et al., 2016; Toungos, 2018). In 
addition, SRI practices can be adapted to local contexts, and can be used 
by farmers with different levels of resources and education (Toungos, 
2018). 

Overall, previous research suggests that SRI has the potential to be an 
effective poverty alleviation strategy, particularly for smallholder 
farmers in developing countries like Nigeria. However, further research 
is needed to assess the impact of SRI on poverty alleviation in specific 
contexts, and to identify strategies for scaling up the adoption of SRI 
practices among smallholder farmers. 

2.3. Factors influencing SRI's success and impact on farmers' livelihoods 

The success of SRI and its impact on farmers' livelihoods depend on 
several key factors. These include:  

• Farmer knowledge and skills: SRI requires a different approach to 
rice farming than conventional methods, and farmers need to be 
trained in the use of SRI practices. The success of SRI depends on 

farmers' ability to understand and implement these practices effec
tively (Uphoff et al., 2011; Styger and Uphoff, 2016).  

• Access to resources: SRI requires access to certain resources such as 
organic inputs, irrigation facilities, and improved seeds. The success 
of SRI depends on farmers' ability to access these resources (Rana, 
2015; Mozhui and Sharma, 2020).  

• Soil and environmental conditions: SRI practices are particularly 
effective in certain soil (e.g., well-drained soils) and environmental 
(e.g., moderate to high rainfall) conditions (Jiaguo et al., 2004; 
Noltze et al., 2012; Ibrahim et al., 2014). The success of SRI depends 
on farmers' ability to adapt the practices to local conditions (Wu 
et al., 2015; Gbenou et al., 2016; Siéwé et al., 2023).  

• Markets: The success of SRI also depends on the availability of 
markets for rice and the ability of farmers to sell their produce at a 
fair price (Kassam and Brammer, 2016; Nath and Das, 2017).  

• Government policies and support: Government policies and support 
can play a crucial role in the success of SRI by providing training, 
access to resources, and creating an enabling environment for the 
adoption of SRI practices (Shamshiri et al., 2018; Ouma et al., 2020). 

SRI can have a significant impact on farmers' livelihoods, including 
increased yields, improved soil health, reduced costs, and increased 
income. Optimizing plant spacing, reducing seed rates, and increasing 
root growth can lead to increased yields, while improved soil health can 
increase yields and reduce the need for chemical inputs. The use of 
organic inputs, reduced water requirements, and fewer chemical inputs 
can result in reduced costs. Additionally, increased yields, reduced costs, 
and fair market prices can increase farmers' income (Siéwé et al., 2023). 

Overall, the success of SRI and its impact on farmers' livelihoods 
depend on a combination of factors, including farmer knowledge and 
skills, access to resources, soil and environmental conditions, markets, 
and government policies and support. When these factors are favorable, 
SRI has the potential to improve the livelihoods of smallholder farmers 
and contribute to poverty alleviation in Nigeria. 

3. Methodology 

The study design for investigating the monetary and non-monetary 
poverty alleviation impact of a best-bet SRI (BB-SRI) in Zamfara State, 
Nigeria involved a mixed-methods approach. The study used both 
quantitative and qualitative data to provide a comprehensive analysis of 
the poverty alleviation impact of SRI on farmers in Zamfara State. 

3.1. Study area 

The Bakolori Irrigation Scheme (BIS) is located in Bakolori, a rural 
community in the Talata Mafara Local Government Area (LGA) of 
Zamfara State, Nigeria. It is situated in the semi-arid region of northern 
Nigeria, characterized by low rainfall and limited water resources. The 
community is predominantly agrarian, with agriculture serving as the 
main economic activity. The population of Bakolori is estimated to be 
around 15,000 people. 

BIS is one of the largest irrigation schemes in Nigeria, covering an 
area of about 30,000 ha. It was established in 1976 to provide farmers in 
the area with access to water for irrigation, particularly for rice culti
vation. The scheme comprises a network of canals, reservoirs, pumping 
stations, and drainage channels. The irrigation system is managed by the 
Zamfara State ministry of agriculture and rural development, with 
support from the federal government of Nigeria and international 
development partners. 

The scheme has the potential to contribute significantly to poverty 
reduction and food security in Zamfara State. However, it has faced 
several challenges over the years, including inadequate maintenance, 
poor infrastructure, and insufficient funding. Efforts are being made to 
revitalize the scheme and improve its efficiency to increase agricultural 
productivity in the area. 
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The people of Bakolori are predominantly Hausa, with Islam being 
the predominant religion. The community has a rich cultural heritage, 
with traditional practices and festivals such as the Durbar festival, which 
is celebrated annually. The community also faces several challenges, 
including poverty, poor infrastructure, and insecurity. 

3.2. Sample selection 

The study selected 300 farmers from seven sectors within the BIS, 
based on the size of the sampling frame. The sampling frame size, pro
portion of each sector in the total population of farmers in BIS, and the 
number of farmers selected in each sector who practice BB-SRI and those 
who do not are presented in Table 1. All BB-SRI users were farmers who 
were trained during the first phase of the TRIMING-SRI project in 2018 
and 2019 farming season and were later selected to use all the set of 
practices that constituted a BB-SRI in 2020. More information on BB-SRI 
is provided in the following section. 

3.3. Best-bet SRI and its implementation 

3.3.1. Experimental design 
SRI was tested and promoted under the TRIMING-SRI project in 

Zamfara state in two parts between 2018 and 2020. The first part which 
was carried out in 2018 and 2019 involved testing SRI practices during 
two rice farming seasons, while the second part was promotional 
research carried out in the following year. 

In the testing phase, a group of farmers from each of the seven study 
areas were selected to participate in a training program to learn about 
SRI principles. After the training, the farmers shared what they learned 
with other farmers in their village who agreed to participate in the 
project. 

During the first year, six SRI principles were tested in 3 to 5 farmers' 
fields in each of the seven study areas. The process was repeated in the 
second year with five farmers attached to each trial field. Four of the six 
principles were evaluated to determine the most appropriate SRI prac
tices suitable for the study area. The four parameters evaluated were 
seedling age at transplanting, spacing pattern, irrigation regime, and 
fertilizer use. 

Overall, there were a total of 100 trial fields and 160 trial plots. The 
latter trial plots were considered as SRI plots, compared with the results 
of the former plots to evaluate the suitability of the different new 
practices. 

3.3.2. Treatment intervention 
The study aimed to identify the optimal practices for SRI in the 

Northwestern region of Nigeria, which would result in maximum pro
ductivity and profitability. This was referred to as BB-SRI. Four different 
treatment interventions were evaluated in SRI trial plots to determine 
the BB-SRI. 

The study conducted four sets of experiments to test the effects of SRI 
practices compared to non-SRI practices. In the first set of experiments, 

the age of transplanted seedlings was varied while all other SRI practices 
were kept constant. Meanwhile, older seedlings were transplanted on 
non-SRI plots. In the second set of experiments, different spacing pat
terns were tested while all other SRI practices were kept constant. On 
non-SRI plots, transplanting was done with a closer distance between 
plants or with farmers' random close spacing. The third set of experi
ments compared the alternate-wetting-and-drying (AWD) irrigation 
method to continuous flooding. The AWD method involved applying 
water on the soil surface and allowing it to seep into the soil, while the 
continuous flooding method involved repeatedly flooding the field with 
water. In the fourth set of experiments, different rates and types of 
fertilization were tested, with four treatments and two controls consid
ered on both SRI and non-SRI plots. 

The first set of experiments aimed to determine the optimal age of 
transplanted seedlings for SRI practices, while the second set aimed to 
determine the best spacing pattern. The third set aimed to test the effects 
of different irrigation methods on rice production, and the fourth set 
aimed to test the effects of different fertilization rates and types on rice 
production. Through these experiments, the study aimed to identify the 
most effective SRI practices to increase rice production while mini
mizing resource inputs. By comparing SRI practices to non-SRI practices, 
the study provided insights into the potential benefits of adopting SRI 
practices for rice production. 

Following a thorough evaluation of various treatment interventions, 
the optimal combination of SRI practices was identified as BB-SRI, 
which involves transplanting 11-day-old seedlings at a spacing of 25 
cm × 25 cm, utilizing AWD irrigation, and providing full compost with 
some inorganic fertilization. This optimal approach was promoted and 
implemented by 40 farmers in 2020 under the guidance of the TRMING- 
SRI project's scientists. BB-SRI refers to this combination of SRI prac
tices, which has been found to be the most effective approach for 
increasing rice production while minimizing resource inputs. 

3.4. Data collection method 

During the 2020 farming season, structured questionnaires and log- 
books were used to collect quantitative data from 300 rice farmers in the 
study area. The questionnaires were designed by scientists from the 
TRIMING-SRI project and administered to both users and non-users of 
BB-SRI, while the log-books were used specifically to collect input and 
output data from BB-SRI users. Three extension agents, who were 
familiar with the study area and farmers, were trained to administer the 
questionnaires and collect data using the log-books. Data from the log- 
books were collected on a weekly basis, while the questionnaires were 
administered towards the end of July 2020 and included information on 
farmers' socio-economic characteristics, farm production, and level of 
living. Off-farm income, including salaries and wages, was also captured 
in the questionnaire to assess the households' monetary poverty status 
based on income standards. 

As a complementary tool, qualitative data was equally collected 
through focus group discussions (FGDs), particularly from those that 
used the BB-SRI. The FGDs aimed to gain insight into the farmers' ex
periences with SRI practices globally, the challenges they faced, and the 
impact of SRI practices on their livelihoods. The FGDs were conducted in 
the local language and were moderated by a trained project's researcher. 
Overall, the study design aimed to collect both quantitative and quali
tative data to provide a comprehensive analysis of the impact of BB-SRI 
on poverty alleviation in BIS, Zamfara State. 

3.5. Tools of analysis 

3.5.1. Foster-Greer-Thorbecke poverty indices 
The FGT method was used to analyze the monetary poverty profile of 

BB-SRI and farmers' practices users. This method estimates three poverty 
indices - poverty incidence (P0), poverty gap (P1), and squared poverty 
gap (P2) - using household per capita income and Nigerian national 

Table 1 
Sampling frame and sample size of rice farmers in BIS based on the promotion of 
SRI carried out in 2020.     

Sample size 

Sector S. Frame Prop. BB-SRI Non-SRI Total 

E-Down 1295 0.08 3 20 23 
E-Left 1645 0.1 4 25 29 
M-Rice B 1750 0.1 4 27 31 
N-Rice 3500 0.21 8 54 62 
G-Rice B 2730 0.16 6 42 48 
Intake C 3325 0.2 8 51 59 
F-Right 2660 0.16 6 41 47 
Total 16,905 1 40 260 300 

Source: TRIMING-SRI (2020). 
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poverty lines. P0 represents the proportion of the population below the 
poverty line, P1 measures the average shortfall of the poor from the 
poverty line, and P2 measures the degree of inequality among the poor. 
All indices are bounded between 0 and 1. 

The analysis used two national consumption expenditure poverty 
lines in Nigeria: N124,948 and N137,430 per annum, where households 
below the upper line were considered poor, those below the lower line 
extremely poor, and those in between non-extreme poor. Per capita in
come exceeding the upper poverty line was censored to fit within the 
specified poverty lines, ensuring that the FGT indices remained between 
0 and 1. This approach enabled the calculation of FGT poverty indices. 

We decomposed FGT poverty measures by production method (BB- 
SRI and traditional farming) to understand household monetary poverty 
profile. The analysis included contribution to poverty, income gap, and 
inequality, accounting for population share, income level differences, 
and redistribution. This approach offers a detailed understanding of 
poverty. 

In measuring income inequality in BIS, both Income Gap Ratio (IGR) 
and Generalized Entropy of order 2 (GE(2)) were utilized. IGR calculates 
the ratio of income between the top 20% and bottom 20% of the pop
ulation while GE(2) measures inequality across the entire income dis
tribution with smaller values indicating less unequal income 
distribution. To ensure robust findings, sensitivity analysis was con
ducted using graphical and tabular analyses such as dominance analysis, 
Lorenz curve, and elasticity of FGT indices concerning per capita 
income. 

3.5.2. Foster-Alkire poverty indices 
To examine the non-monetary poverty profile of the households, we 

utilized the Foster-Alkire (AF) method developed by Alkire and Foster 
(2011). This approach facilitated the calculation of a multidimensional 
poverty index (MPI), with education, health, and level of living as the 
poverty dimensions (Table 2). MPI is computed by multiplying the 
multidimensional headcount ratio by the intensity of multidimensional 

poverty (average simultaneous deprivations). This means that MPI is 
responsive to changes in both the incidence and intensity of poverty. 
Therefore, MPI can change when a new household becomes poor or 
when an already poor household experiences a new deprivation. 

As per Alkire and Santos (2014), we set the baseline cutoff (K) at 
0.33. Hence, a household was identified as multidimensionally poor if it 
experienced deprivation in more than one poverty dimension or at least 
33% of the weighted indicators (Table 2). To ensure the robustness of 
our findings, we used other poverty cutoffs such as K = 0.20 and K = 0.4. 

3.5.3. Sample selection models 
We employed Endogenous Switching Regression (ESR) and Endog

enous Switching Probit (ESP) models to measure the impact of BB-SRI on 
poverty reduction. ESR and ESP models consist of three equations, the 
first being the selection equation and the remaining two estimating 
potential poverty outcomes. The selection equation determines the 
probability of BB-SRI adoption based on farmers' characteristics, while 
the outcome equations estimate poverty outcomes. Mathematical details 
on these models can be found in Noltze et al. (2012), Liu and Wu (2022), 
and Tufa et al. (2022). 

In estimating the probability to use BB-SRI, the dependent variable 
(wi) was measured as a dummy variable taking the value of 1 if a farmer 
used BB-SRI, and 0 if otherwise. The vector of independent variables (x) 
included: x1i = sector of major employment (1 = agricultural sector; 0 =
Otherwise), x2i = number of extension visits; x3i = log of farm income 
(Naira); x4i = housing living condition (e.ge., access to electricity and 
fuel cooking type such as charcoal, wood, etc.); x5i = household's loca
tion (1 = E-Down; 0 = Otherwise). We acknowledge here that broader 
predictors of BB-SRI use should have been used which is therefore taken 
as a limitation in this study. 

For the two potential outcomes (poverty equations), the dependent 
variables y1i and y0i included households' observed incidence of poverty, 
poverty gap, squared poverty gap, extreme poverty, non-extreme 
poverty and multidimensional poverty incidence where y1i 

Table 2 
Dimensions, indicators, cutoffs, weights, means and standard deviations of multidimensional poverty index.  

Dimension Indicator Cutoff or deprivation status (Deprived if …) 

Education Years of schooling No household member has completed 5 years of schooling  
Child attendance to 
school Any school-aged child is not attending school in years 1 to 8  

Health Mortality Any child has died in the family  
Food security The household is food insecure  

Level of living Electricity The household has no electricity  
Sanitation The household's sanitation facility is not improved (that is local) or it is improved but shared with other households  
Water The household does not have access to safe drinking water or safe drinking water is >30 min walking from home roundtrip.  
Floor The household has dirt, sand, or dung floor  
Cooking fuel The household cooks with dung, wood, or carbon  

Assets 
The household does not own one of the following assets: radio, TV, telephone, bicycle, motorbike, refrigerator, and does not own a car 
or truck.   

Dimension Indicator Mean SD Weight 

Education Years of schooling 0.31 0.46 0.167  
Child attendance to school 0.32 0.47 0.167  

Health Mortality 0.28 0.45 0.167  
Food security 0.11 0.31 0.167  

Level of living Electricity 0.28 0.45 0.056  
Sanitation 0.26 0.44 0.056  
Water 0.15 0.36 0.056  
Floor 0.52 0.50 0.056  
Cooking fuel 0.77 0.42 0.056  
Assets 0.54 0.50 0.056  
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represented the vector of poverty indicators for users of BB-SRI while 
y0i* represented the vector of poverty indicators for users of FP. The 
vector of independent variables in these poverty equations z1i and z0i 
were identical to the vector x, except for the fact that the number of 
extension visits (x2i) was excluded for identification purpose. 

We calculated three impact parameters after estimating ESR and ESP 
models: the average treatment effect on the treated (ATT), the average 
treatment effect on the untreated (ATU), and the average treatment ef
fect (ATE). ATT represents the actual average impact of BB-SRI on 
poverty among its users, ATU is the average impact on poverty that users 
of traditional farming practices would have experienced had they 
adopted BB-SRI, and ATE represents the average impact of BB-SRI on 
poverty among both BB-SRI users and traditional farming practice users 
had they all adopted BB-SRI. 

4. Results and Discussion 

4.1. Demographic characteristics of farmers 

Let's take a closer look at the demographic characteristics of the 
farmers who participated in this study. Table 3 summarizes the data for 
three groups: farmers who used BB-SRI, farmers who used other prac
tices traditional farming method), and the pooled data for all farmers. 

The average household size for all farmers in the study was 9 people, 
with a standard deviation of 6, indicating a relatively large household 
size that may impact food security and resource allocation. Large 
household sizes among the farmers were expected, given various factors 
such as cultural and religious beliefs, economic circumstances, lack of 
family planning, and educational opportunities (Adeyemo and Salman, 
2016; Gill-Wiehl et al., 2021). 

The study revealed that agriculture is the main source of livelihood 
for the majority of farmers in both the BB-SRI and other practices 
groups, with 93% and 91% respectively employed in this sector. This 
finding supports Waheed et al.'s (2022) observation that agriculture is 
crucial to farmers' livelihoods in Nigeria, providing employment and 
income generation opportunities. Despite this, limited access to credit, 
markets, and infrastructure remain significant challenges that require 
policy intervention. 

Access to electricity is essential for enhancing agricultural produc
tivity, as it facilitates the operation of irrigation systems and farm ma
chinery. The data reveal that 80% of farmers in the BB-SRI group and 
70% in the other practices group have access to electricity, underscoring 
the difficulties encountered by those without it. Studies conducted by 
Bridge et al. (2016), Omoju et al. (2020) and Djoumessi (2021) reveal 
the considerable positive impact of electricity access on agricultural 
productivity, especially in terms of increased usage of irrigation and 
improved access to farm machinery. 

The BB-SRI method shows higher land-use efficiency compared to 
the farmers' practices group, with an average of 0.36 ha of land required 
to produce rice, compared to 0.8 ha for the latter. This finding aligns 
with research that highlights the potential of SRI to increase food se
curity and improve the livelihoods of smallholder farmers through 
efficient resource use (Varma, 2019). By adopting SRI practices, farmers 
can potentially achieve higher yields with fewer resources, leading to 
better income and food security, as well as sustainable agriculture 
practices. 

Farmers in the BB-SRI group had a higher mean income from rice 
production per hectare ($2734.4 USD) compared to the traditional 
farming group ($2286.1 USD), indicating that adopting BB-SRI may 
boost yields and profits for smallholder farmers and improve their 
livelihoods. This aligns with previous research by Siéwé et al. (2023), 
which found that SRI is a sustainable and eco-friendly method that 
positively impacts yields and profits in Nigeria. 

It should be noted that farmers in the farmers' practices group had a 
higher income from off-farm activities compared to those in the BB-SRI 
group. This suggests that adopting the BB-SRI method may require more 

time and resources devoted to farming, which could have implications 
for overall livelihoods and poverty reduction. While the BB-SRI method 
has the potential to increase yields and profits for smallholder farmers, it 
is important to consider the trade-offs and potential challenges associ
ated with adopting new farming practices. 

4.2. Yield and profitability analysis 

Table 4 compares the cost and return estimates per hectare for rice 
production using BB-SRI and traditional farmers' practices. Despite BB- 
SRI having a higher variable cost of $447.2 USD per hectare compared 
to traditional practices, our study found that BB-SRI yielded significantly 
more rice per hectare, resulting in higher gross revenue and net farm 

Table 3 
Summary of data used across users of Best-Bet-SRI and farmers' practices.   

BB-SRI FP Pooled 

Variable Mean SD Mean SD Mean SD 

Income from fish 
production (000 
Naira) 70.0 0 81.9 70.0 75.9 70.0 

Income from animal 
production (000 
Naira) 139.1 85.0 110 89.7 124.5 87.4 

Income from poultry 
production (000 
Naira) 24.4 8.2 29.0 16.7 26.7 12.4 

Income from rice 
production (000 
Naira ha− 1) 1216.8 483.5 1017.3 166.9 1117.1 325.2 

Income from other 
crops (000 Naira) 144.0 125.5 157.1 125.9 150.5 125.7 

Income from off-farm 
activities (000 
Naira) 108.2 98.5 188.6 179.6 148.4 139.1 

Total income (000 
Naira) 1702.5 800.7 1583.8 648,8 1643.1 759.7 

Land under rice 
production (ha) 0.36 0 0.8 0.34 0.58 0.17 

Total land under 
cultivation (ha) 2.83 1.24 3.3 1.24 3.07 1.24 

Household size 
(Number) 9 6 9 6 9 6 

Employ. sector (1 =
Agriculture; 0 =
Otherwise) 0.93 0.27 0.91 0.29 0.92 0.28 

Number of extension 
visits related to rice 2 1 3 1 2 1 

Access to electricity (1 
= Yes, 0 = No) 0.8 0.41 0.7 0.46 0.75 0.43 

Access to fuel cooking 
type (1 = Yes, 0 =
No) 0.68 0.47 0.79 0.41 0.73 0.44 

Farm location (1 = E- 
Down; 0 =
Otherwise) 0.03 0.16 0.09 0.28 0.06 0.22 

Farm location (1 = E- 
Left; 0 = Otherwise) 0.05 0.22 0.11 0.31 0.08 0.27 

Farm location (1 = M- 
Rice B; O =
otherwise) 0.13 0.33 0.14 0.35 0.13 0.34 

Farm location (1 = N- 
Rice; 0 = Otherwise) 0.28 0.45 0.27 0.45 0.27 0.45 

Farm location (1 = G- 
Rice B; 0 =
Otherwise) 0.25 0.44 0.13 0.33 0.19 0.39 

Farm location (1 =
Intake C; 0 =
Otherwise) 0.13 0.33 0.08 0.27 0.1 0.3 

Farm location (1 = F- 
Right; 0 =
Otherwise) 0.15 0.36 0.19 0.39 0.17 0.38 

Source: TRIMING-SRI (2020). 
$1 USD = N445. 
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income. This is consistent with a number of studies in Kenya, which 
found that SRI had a higher variable cost but yielded significantly more 
rice per hectare, resulting in higher gross revenue and net farm income 
(Ndiiri et al., 2013; Kaloi et al., 2020). Our results indicate that BB-SRI is 
more profitable than traditional farmers' practices due to its higher 
yield, leading to increased revenue and net farm income. Therefore, 
adopting BB-SRI could potentially benefit rice farmers in Nigeria. 

BB-SRI has a higher total cost than FP by $83 USD per hectare, 
mainly due to its higher variable cost. However, BB-SRI yields signifi
cantly more rice per hectare, resulting in higher gross revenue of $4560 
USD compared to FP's $1723 USD per hectare. This is attributed to the 
best bet practices used in BB-SRI group, resulting in better quality rice 
and higher yields. Studies in Nigeria have similarly shown that SRI re
sults in significantly higher yields than conventional rice farming sys
tems (Bassey, 2016; Siéwé et al., 2023). 

A comparison of the cost and return estimates per hectare for rice 
production using the Best Bet Rice Production System (BB-SRI) and 
traditional farmers' practices (FP) revealed that BB-SRI had a higher net 
farm income of $4355 USD per hectare compared to FP's $1509 USD per 
hectare. This is due to BB-SRI's higher gross revenue and overall prof
itability despite its higher cost. The return on expenditure for BB-SRI 
was 6.7 compared to FP's 2.6. These findings are consistent with 
Siéwé et al. (2023), who found that BB-SRI had a higher net income 
investment compared to traditional rice farming in Zamfara state, 
Nigeria. In contrast, Dahiru (2018), suggested that traditional method 
had a better return on investment than SRI in Adamawa state, Nigeria. 
This could be due to differences in locations in terms of climate patterns, 
soil types, agricultural practices and local preferences and infrastruc
ture. Moreover, the study by Dahiru (2018) does not provide details 
about the specific SRI practices used. However, several studies in other 
parts of Africa tend to affirm that SRI is more profitable than farmers' 
existing practices (Tusekelege et al., 2014; Harding et al., 2017). 

Overall, BB-SRI can be a more sustainable and profitable approach to 
rice production compared to traditional farmers' practices. Although it 

requires a higher initial investment, it can result in significant im
provements in rice production and presents a promising alternative for 
farmers seeking to enhance their yields, revenue, and profitability. 

4.3. Poverty profile and robustness check 

Our study found that over one-third of the population in BIS live 
below the upper poverty line (37.3%) and the lower poverty line 
(31.3%) (Table 5). This high poverty incidence rate underscores the 
need for targeted poverty reduction efforts that tackle the root causes of 
poverty and enhance economic opportunities and well-being. This is in 
line with Khandker and Koolwal (2016) argument that agricultural in
terventions tailored to specific needs and contexts can have a significant 
impact on poverty reduction. Hence, the implementation of targeted 
poverty reduction programs can potentially reduce poverty rates and 
enhance the well-being of the population in BIS. 

The poverty incidence varies significantly depending on the pro
duction method used in BIS. Farmers using BB-SRI have the lowest 
poverty incidence rate of 15% for the upper poverty line and 10% for the 
lower poverty line. Farmers using their own traditional practices (FP) 
have the highest poverty incidence rate of 40.8% for the upper poverty 
line and 34.6% for the lower poverty line. These findings underscore the 
importance of promoting and adopting effective farming practices to 
improve economic outcomes and reduce poverty among farmers in BIS. 
This is in line with Wossen et al. (2019), who found that poverty is 
prevalent among adopters of traditional farming in Nigeria, and sug
gested that adopting SRI can lead to poverty reduction. 

The study found that BB-SRI has a more equitable income distribu
tion compared to farmers' practices, with the lowest values in income 
gap ratio and generalized entropy of order 2. These findings highlight 
the potential of promoting and adopting effective farming practices in 
reducing income inequality in BIS and Zamfara State. Savelli et al. 
(2021) also reported that SRI adoption can contribute to income 
inequality reduction in Indonesia and Cambodia by economically 
empowering resource-poor farmers, respectively. 

The study found that the choice of production method has a signif
icant impact on poverty incidence and income inequality in BIS. 
Adopting the BB-SRI method is associated with lower poverty incidence 
and income inequality, while traditional farming practices are associ
ated with higher poverty incidence and income inequality. This finding 
is consistent across both poverty lines and measures of income 
inequality. The study validates its findings using poverty incidence and 
Lorenz curves as shown in Figs. 1 and 2. 

Figure 1 shows that poverty incidence is significantly higher among 
users of traditional farming practices than those using BB-SRI. The 
poverty incidence curve for BB-SRI users is entirely to the right of that 

Table 4 
Cost and returns estimates per hectare of rice production under a package of best 
bet SRI and farmers' practices.   

BB-SRI FP Diff. 

Variables (/ha) (Qty/Value n 
000 Naira) 

(Qty/Value in 
000 Naira) 

(Qty/Value in 
000 Naira) 

Quantity of seed used 
(kg) 4/0.54 132/13.33 128/− 12.8 

Quantity manure used 
(tonne) 5/17.5 2/7.2 3/10.3 

Quantity urea (kg) 50/10 119/18.7 − 69/− 8.7 
Quantity of NPK (kg) 0/0 89/14.1 − 89/− 14.1 
Quantity of 

agrochemicals used (L) 3/5.6 3.1/5.73 − 0.1/− 0.2 
Quantity of labour used 

(man-day) 217/119.4 150/82.5 67/36.9 
Cost of empty bags used 

for bagging /23.11 /8.7 /14.4 
Total cost of transport 

incurred /22.9 /8.4 /14.6 
Total variable cost 

incurred /199 /158.6 /40.4 
Land rent incurred /80.6 /83.81 /− 3.24 
Water charges incurred /11.4 /11.6 /− 0.2 
Total fixed cost incurred /92 /95.4 /− 3.42 
Total cost incurred /291 /254 /37 
Yield obtained (tonne) 12.73/2228.6 5.3/924.9 7.5/1303.8 
Gross revenue realized /2029.7 /766.3 /1263.4 
Net farm income realized /1937.7 /670.9 /1.3 
Return on expenditure 

realized /6.66 /2.64 /4.02 

Source: Survey Data (2020). 
BB-SRI = Best-Bet System of Rice Intensification; FP=Farmers' Practice; $1 USD 
= N445. 

Table 5 
Poverty incidence, poverty gap and poverty severity by sector and across pro
duction method in Zamfara state.  

Production method P0 P1 P2 IGR GE(2) 

Pline 1 = 137,340 Naira 
Pooled 37.3 10.7 4.2 28.7 2.9 
FP 40.8 12.1 4.8 29.7 3 
BB-SRI 15 1.8 0.3 11.9 3 
Diff. 25.8 10.3 4.5 17.8 0 

Pline 2 = 124,948 Naira 
Pooled 31.3 8.4 3.1 26.9 2.4 
FP 34.6 9.6 3.5 27.8 2.4 
BB-SRI 10 0.7 0.1 7 2 
Diff. 24.6 8.9 3.5 20.8 0.4 

Source: Survey Data (TRIMING, 2020). 
BB-SRI=Best-Best System of Rice Intensification; FP=Farmers' Practices; P0 =

Poverty incidence, P1 = Poverty gap and P2 = Poverty severity; IGR = Income 
Gap Ratio; GE(2) = Generalized Entropy of order 2; Pline 1 = Upper poverty 
line; Pline 2 = Lower poverty line; all values in the Table were normalized in a 
0–100 scale to improve readability. 
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for traditional farming users, indicating a higher proportion of poor rice 
farming households using traditional practices. Fig. 2 further illustrates 
that traditional farming users have higher income inequality than BB- 
SRI users. The Lorenz curve for BB-SRI users does not fall to the left of 
the curve for traditional farming users, indicating greater income 
inequality among the latter group. These findings confirm the higher 
poverty incidence rate and income inequality among users of traditional 
farming practices. 

Table 6 presents multidimensional poverty measures in BIS, showing 
that the overall pooled MPI for all sectors and production methods 
combined is 28.4%, 25.8%, and 20.8% for K = 0.2, K = 0.33, and K =
0.4, respectively. BB-SRI has the lowest MPI, ranging from 12.7% to 
14.0%, while FP has the highest MPI, ranging from 22.3% to 28.0%. The 
MPI of BB-SRI is consistently lower than that of FP, suggesting that BB- 
SRI is a more effective production method in reducing multidimensional 
poverty. The finding is consistent with Adenuga et al. (2016) who found 
that adopters of improved rice varieties had significantly lower levels of 
multidimensional poverty compared to non-adopters in Nigeria. 

BB-SRI has the lowest multidimensional poverty measures, including 
MPI, H, and A, while FP has the highest, indicating that BB-SRI is more 
effective in reducing multidimensional poverty in BIS. The differences 
between BB-SRI and FP are particularly significant at K––0.33, with BB- 
SRI's MPI at only 14.0% compared to FP's 28.0%. The findings suggest 
that promoting and scaling up BB-SRI adoption is crucial in reducing 
multidimensional poverty in BIS and Zamfara State, consistent with 
previous studies conducted in other countries. 

4.4. Monetary poverty alleviation impact of BB-SRI 

Table 7 presents the result of the analysis of the impact of Best-Bet 
System of Rice Intensification (BB-SRI) on monetary poverty in 7 sec
tors of Bakolori Irrigation Scheme (BIS) namely, E-Down, E-Left, M-Rice 
B, N-Rice, G-Rice B, Intake C and F-Right. While the findings consistently 

Fig. 1. Poverty incidence curve for BB-SRI and farmers' practices.  

Fig. 2. Lorenz curve for BB-SRI and farmer's practices.  

Table 6 
Multidimensional poverty measures by sector and production method.  

Production 
method 

Multidimensional 
poverty index (MPI) 

Multidimensional 
poverty incidence 

(H) 

Multidimensional 
intensity of poverty 

(A) 

K ¼ 0.2 
Pooled 28.4 59.5 47.7 
FP 22.3 37.1 60 
BB-SRI 12.7 24.1 52.9 
Diff. 9.6 13.0 7.1 

K ¼ 0.33    
Pooled 25.8 49.4 52.2 
FP 28.0 53.0 52.0 
BB-SRI 14.0 29.0 50.0 
Diff. 14.0 24.0 2.0 

K ¼ 0.4    
Pooled 20.8 35.1 59.3 
FP 22.3 37.1 60.0 
BB-SRI 12.7 24.1 52.9 
Diff. 9.6 13.0 7.1 

Source: Survey Data (TRIMING, 2020). 
K = poverty cutoff; BB-SRI = Best-Best System of Rice Intensification; 
FP=Farmers' Practices; all values in the Table were normalized in a 0–100 scale 
to improve readability. 
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indicate a significant reduction in poverty through increase in per capita 
income and decrease in poverty incidence and nonextreme poverty, 
extreme poverty, poverty gap and squared poverty appeared to increase 
among adopters of BB-SRI. On the other hand, while nonadopters of BB- 
SRI would have experienced a decline in poverty had they used the BB- 
SRI through increase in per capita income and a reduction in poverty 
incidence, extreme poverty, poverty gap and squared poverty gap, 
nonextreme poverty would have increased in general. Similarly, had all 
farmers adopted the BB-SRI, poverty would have reduced through a 
positive change in per capita income, which in turn would have led to a 
decrease in poverty incidence, extreme poverty, nonextreme poverty, 
poverty gap and squared poverty gap. 

To be specific, the average treatment effect on the treated (ATT) on 
per capita income is positive and statistically significant ranging from 
2.8% to 3.7%, which implies that per capita income of BB-SRI adopters 
increased by a minimum and maximum of about 3% and 4%, respec
tively. For instance, in Intake C and N-Rice sectors, the ATT on per capita 
income is 2.8% and 3.3%, respectively, implying an increase of about 
3% in per capita income in these two sectors. The ATT on poverty 
incidence and nonextreme poverty is negative and statistically signifi
cant, ranging from − 66% to − 98% and − 65.3% to − 98.2%, respec
tively. For instance, in G-Rice B and F-Right, the ATT on poverty 
incidence and nonextreme poverty is − 81% and − 66%, respectively. 
This implies that the rate of poverty incidence and nonextreme poverty 
declined substantially by 81% and 66% among BB-SRI adopters in G- 

Rice B and F-Right, respectively. In contrast, the ATT on extreme 
poverty, poverty gap and squared poverty gap is positive and significant, 
suggesting that these poverty parameters did not improve despite BB- 
SRI adoption, but rather became worse. For instance, extreme poverty 
increase from 1.1% - 17.8% with M-Rice B and G-Rice B being the sectors 
with the least and highest rate of extreme poverty in BIS, respectively. 

In terms of average treatment effect on the untreated (ATU), the 
estimates on per capita income vary between 25% and 37% and are 
significant at 1% level of probability. This suggests that nonadopters of 
BB-SRI would have experienced an increase in per capita income by at 
least 25% and at most 37%, had they used the BB-SRI on their rice plots. 
The implication is that there is a tremendous opportunity for non
adopters to improve their standard of living through adoption of BB-SRI. 
For instance, in F-Right and E-Left sectors, the ATU on per capita income 
is 26% and 37%, which implies that nonadopters' per capita income 
would have increased by 26% and 37% in F-Right and E-Left sector, 
respectively. The ATU on poverty incidence, extreme poverty, poverty 
gap and squared poverty gap was negative and significant, ranging from 
− 32.2% to − 35.7%, − 29.8% to − 50%, − 12.4% to − 17%, and − 5.8% to 
− 7.5%, respectively. In BIS as a whole, poverty incidence, extreme 
poverty, poverty gap and squared poverty gap would have decreased by 
35.1%, 34.6%, 16% and 6.9%, respectively, while nonextreme poverty 
would have increase by 9.7% among the nonadopters, had they used BB- 
SRI as their rice farming technique. More specifically, in a sector like E- 
Left for instance, the ATU on incidence of poverty, extreme poverty, 

Table 7 
Endogenous Switching Regression of the Simulated Impact of BB-SRI Use on Monetary Poverty Measures by Sector.  

Sector Per capita income Poverty incidence Extreme poverty 

ATT ATU ATE ATT ATU ATE ATT ATU ATE 

E-Down 3.45 27 95 − 99 − 36.7 − 37.0 43 − 31 − 31.6  
na na na na na na na na na 

E-Left 3.7*** 37*** 71 Na − 34.9*** na na − 50*** na  
(43) (03) (38) na (2.3) na na (2.5) na 

M-Rice B 3.0*** 31*** 56** − 82.7*** − 35.7*** − 26.2* 1.1* − 33.0*** − 31.5***  
(21) (04) (13) (11.9) (2.2) (11.2) (5) (1.3) (1.7) 

N-Rice 3.3*** 29*** 71*** − 98*** − 34.0*** − 28.8*** 16* − 33.0*** − 22.4***  
(16) (03) (12) (2.8) (1.3) (2.9) (4.4) (8) (4.5) 

G-Rice B 3.1*** 32*** 29*** − 81*** − 32.7*** − 17.8** 17.8*** − 29.8*** − 12.0**  
(19) (03) (09) (3.1) (1.6) (3.4) (4.3) (1.6) (4.6) 

Intake C 2.8*** 25*** 36** − 87.9*** − 32.2*** − 25.9** 4.4 − 31.5*** − 27.1***  
(21) (02) (12) (7.2) (2.3) (7.3) (2.3) (1.4) (2.7) 

F-Right 2.8*** 26*** 43 − 66.0** − 34.1*** − 7.2 6.0* − 35.1*** − 29.1***  
(25) (03) (23) (14.8) (2.7) (14.8) (2.5) (1.3) (2.7) 

BIS 3.1*** 31*** 52*** − 82.7*** − 35.1*** − 24.1*** 10*** − 34.6*** − 24.6***  
(08) (02) (06) (3.1) (1.1) (3.1) (2.1) (6) (2.2)   

Sector Nonextreme poverty Poverty gap Squared poverty gap 

ATT ATU ATE ATT ATU ATE ATT ATU ATE 

E-Down − 99.0 16.8 − 5.9 74.6 − 26 − 12.4 15.4 − 9.0 − 5.0  
na na na Na na na na na na 

E-Left na 4.54 na 134.3*** − 12.4** − 15.8 27.1*** − 5.6* − 5.9*  
na (2.0) na (8.5) (1.9) (4.1) (1.7) (1.1) (9) 

M-Rice B − 93.1*** 6.0 − 6.2*** 78.7*** − 14.7*** − 8.2** 16.1*** − 5.8*** − 3.8***  
(6.6) (3.5) (5) (5.8) (2.0) (2.4) (1.2) (1.1) (6) 

N-Rice − 98.2*** 11.2** − 3.4*** 81.7*** − 17.0*** − 11.0*** 16.7*** − 7.5*** − 4.9***  
(5) (3.8) (6) (3.7) (1.6) (7) (8) (9) (2) 

G-Rice B − 97*** 7.4*** 2.1 81.6*** − 15.0*** − 7.1*** 16.6*** − 6.5*** − 3.4***  
(2.2) (1.7) (2.2) (6.5) (1.0) (6) (1.3) (5) (2) 

Intake C − 94.2*** 13.7* − 9 77.4*** − 15.4*** − 13*** 15.8*** − 7.1*** − 4.5***  
(4.1) (5.2) (4.1) (6.1) (2.1) (8) (1.2) (1.1) (3) 

F-Right − 65.3* 15* 28.8 76.3*** − 14.9*** − 19*** 15.6*** − 6.4*** − 4.6***  
(21.3) (4.6) (21.3) (4.0) (2.6) (1.2) (8) (1.4) (3) 

BIS − 89.3*** 9.7*** 3.8 85.4*** − 16.0*** − 13*** 17.4*** − 6.9*** − 4.5***  
(4.9) (1.5) (4.9) (2.3) (8) (5) (5) (4) (1) 

Source: Survey Data (TRIMING, 2020). 
*** < 0.001, ** < 0.1, * < 0.05; ATT––Average Treatment Effect on the Treated; ATU = Average Treatment Effect on the Untreated; ATE = Average Treatment Effect; 
values in the table are in percentage with standard errors in brackets; na = not available due to scanty data. 
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poverty gap and squared poverty gap is − 34.9%, − 50%, − 12.4% and −
5.6%, respectively. On the other hand, the ATU on nonextreme poverty 
was 4.58%, although insignificant. 

Concerning the average treated effect (ATE), it can be said that the 
impact of BB-SRI on all the poverty indicators was in agreement with the 
a priori expectation. Specifically, the ATE on per capita income was 
positive and significant, ranging from 29% to 71%, implying that 
farmers' per capita income would have experienced an increase of 29% 
to 71%, had they adopted the BB-SRI. In BIS, on average, the per capita 
income of a typical farmer would have increased by 52%, had he/she 
used the BB-SRI on rice plots. Farmers in N-Rice would have had the 
greatest change in per capita income while those in G-Rice B would have 
experienced the smallest change, although substantial, had they adopt 
the BB-SRI. But in terms of the ATE on other poverty indicators such as 
poverty incidence, extreme and nonextreme poverty, poverty gap and 
squared poverty gap, the estimates were all negative and significant, 
implying that the adoption of the BB-SRI would have been a significant 
strategy for poverty alleviation. 

In essence, BB-SRI adoption had a mixed impact on monetary 
poverty reduction. While it led to increased income and reduced overall 
poverty, it did not effectively address extreme poverty, with undesirable 
effects on the depth and severity of poverty. However, it was seen as a 
promising approach for those who had not yet adopted it, as it had the 
potential to significantly improve their income and reduce poverty. 

Our findings, particularly in terms of per capita income, poverty 
incidence and nonextreme poverty, closely parallel the research con
ducted by Manda et al. (2019) in Nigeria. They specifically focused on 
the impact of adopting improved cowpea varieties, and their results 
revealed an increase in per capita household income by 17% and a 
reduction in income poverty by 5% among adopters. In our study, the 
adoption of BB-SRI similarly resulted in a significant increase in per 
capita income and a decrease in poverty incidence and nonextreme 
poverty, demonstrating the potential of innovative agricultural tech
nologies to significantly improve living standards and reduce poverty. 
These findings underscore the consistent positive effects of adopting 
advanced agricultural practices on income and poverty reduction, 
emphasizing the broader applicability of such strategies for addressing 
poverty-related challenges. While BB-SRI adoption did lead to an in
crease in per capita income and a reduction in overall poverty incidence, 
its effectiveness in addressing the depth and severity of poverty was 
limited. This may be attributed to factors beyond BB-SRI adoption, such 
as economic efficiency, access to credit, and household off-farm income 
(Asogwa et al., 2012), which were not fully accounted for in this study. 
In essence, the findings suggest that poverty alleviation strategies should 

encompass a broader set of interventions, considering multifaceted 
factors that impact poverty, in order to effectively reduce poverty gap 
and severity, especially among rural farmers adopting BB-SRI. 

4.5. Non-monetary poverty alleviation impact of a BB-SRI 

The analysis of BB-SRI adoption's impact on multidimensional 
poverty across various agricultural sectors and different poverty cutoffs 
(K = 20%, 33%, and 40%) has revealed noteworthy trends (Table 8). 
The findings consistently indicate a significant reduction in multidi
mensional poverty among BB-SRI adopters, with the minimum decrease 
ranging from 22.0% to 52.0%. This suggests that BB-SRI technology has 
tangible and positive effects on farmers' living conditions and their 
vulnerability to multidimensional poverty even though the potential 
impact on nonadopters suggests contradictory report. 

Drawing from the broader literature on agricultural technology 
adoption, we can compare our findings with the research conducted by 
Adenuga et al. (2016), who examined the adoption of improved rice 
varieties and their impact on multidimensional poverty among rice 
farming households in Nigeria. Although our study focuses on BB-SRI 
rather than improved rice varieties, both studies share a common 
thread: the adoption of innovative agricultural practices and their in
fluence on poverty reduction. Adenuga et al. (2016) found that the 
adoption of improved rice varieties led to positive outcomes in terms of 
poverty alleviation. Similarly, our research suggests that BB-SRI adop
tion can significantly reduce multidimensional poverty in the BIS region. 

In BIS as a whole, the ATT on multidimensional poverty is − 51.8% at 
K = 20%, − 50% at K = 33% and − 62,2% at K = 40%, respectively. This 
implies that BB-SRI adoption had a minimum and maximum multidi
mensional poverty reduction of 50% and 62% in BIS, respectively. The 
ATT estimates also vary across BIS's sectors and poverty cutoffs, ranging 
from − 22% to − 87.3% at K = 20%, − 32% to − 78.4% at K = 33% and −
45% to − 82% at K = 40%. At K = 20% and 33%, the smallest impact of 
BB-SRI adoption on multidimensional poverty reduction occurred in F- 
Right, but at K = 40%, M-Rice B experienced the smallest impact. 
Similarly, G-Rice B experienced the highest impact of BB-SRI adoption 
on multidimensional poverty reduction at any poverty cutoff. 

Conversely, the ATU values suggest that nonadopters could poten
tially face an increase in multidimensional poverty, had they considered 
BB-SRI as a rice production method, with a minimum reduction of 29% 
in BIS, irrespective of the poverty cutoff. There would have been sig
nificant impact differentials across sectors among nonadopters, had they 
used the BB-SRI. For instance, the ATU estimate at K = 20 is 27.1% in 
Intake C, 39% in N-Rice and 33.7% in G-Rice B. Similarly, at K = 40%, 

Table 8 
Endogenous Switching Regression of the Impact of BB-SRI Use on multidimensional poverty by Sector at different poverty cutoffs.  

Sector K = 20% K = 33% K = 40% 

ATT ATU ATE ATT ATU ATE ATT ATU ATE 

E-Down − 27.6 37.0 9.9 − 45 46.5 6.1 − 44.8 62.5 17.7  
na na na na na na na na na 

E-Left − 46.5 9.6 − 7.1 na 18.0 na na 38 na  
(38.4) (24.6) (38.6) na (23.1) na na (13.2) na 

M-Rice B − 49.6** 19.5 − 19 − 43.6*** 31.6* 2.8 − 45.0*** 47.2** 18.2***  
(14.9) (14.7) (15.5) (2.6) (15.0) (4.4) (2.0) (16.6) (3.5) 

N-Rice − 42.0*** 39*** − 1.4 − 46.8*** 42.2*** 3.6 − 64.5*** 57.5*** 3.1  
(9.7) (4.6) (11) (7.5) (4.1) (8.0) (4.9) (4.9) (5.4) 

G-Rice B − 87.3*** 33.7*** − 13.4** − 78.4*** 49.5*** 1.9 − 82*** 59.6*** 6.2***  
(4.9) (7.9) (5.4) (9) (7.1) (2.6) (4) (7.3) (1.9) 

Intake C − 46.9** 27.1** − 9.4 − 60*** 38.8*** − 12.4 − 72.7*** 55.8*** − 8.5  
(14.0) (8.6) (14.6) (6.2) (8.1) (7.3) (5.5) (7.5) (6.2) 

F-Right − 22.0** 12 4.2 − 32.0** 18.6* 2.8 − 51.7** 34.4*** 9  
(8.4) (8.6) (9.0) (18) (9.0) (11.3) (11.7) (10) (12.0) 

BIS − 51.8*** 29*** − 16* − 50*** 34.0*** 1.92 − 62.2*** 49.0*** 4.0  
(5.5) (4.1) (5.7) (4.3) (3.8) (4.6) (3.7) (3.7) (3.9) 

Source: Survey Data (TRIMING, 2020). 
*** < 0.001, ** < 0.1, * < 0.05; values in brackets are standard errors; values in the table are all in percentage; K = Poverty cutoff. 
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the ATU estimate is 34.4% in F-Right, 47.2% in M-Rice B and 59.6% in 
G-Rice B. This signifies the importance of understanding the dynamics of 
BB-SRI adoption and the potential risks that nonadopters might face 
when making adoption decisions, highlighting the need for a nuanced 
approach to promote BB-SRI adoption. 

The ATE values provide an overall view of the impact of the BB-SRI 
adoption on multidimensional poverty if all farmers had adopted it. 
Depending on the poverty cutoff, the impact of BB-SRI on multidimen
sional poverty in BIS yielded mixed results. At the poverty cutoff of 20%, 
the ATE on multidimensional poverty is − 16% in BIS, suggesting that 
BB-SRI adoption would have led to a significant 16% reduction in 
multidimensional poverty, had all farmers in BIS adopted the BB-SRI. 
The ATE estimate on multidimensional poverty, on the other hand, at 
K = 33% and 40% is 1.9% and 4%, respectively, but insignificant., 
thereby suggesting that at poverty cutoffs of at least 33%, there was no 
significant evidence that BB-SRI adoption could contribute in alleviating 
multidimensional poverty in BIS, had all the farmers adopted SRI. These 
diverse ATE values underscore the importance of carefully considering 
the potential consequences of widespread BB-SRI adoption, as it can 
either reduce or increase multidimensional poverty if holistic and tar
geted interventions are not considered. 

Our study aligns with the research on climate-smart agricultural 
technology adoption by Habtewold (2021). The author explored the 
impact of climate-smart agricultural technology in rural Ethiopia, 
emphasizing the importance of considering multidimensional poverty. 
His findings revealed reductions in deprivation scores, particularly in 
severely deprived households. Our analysis of the BB-SRI complements 
this research, contributing to the understanding of technology adop
tion's impact on multidimensional poverty. 

The mixed findings regarding the impact of BB-SRI adoption on 
multidimensional poverty in this study can be illuminated by insights 
from a relevant study by Aboaba et al. (2019), which identified key 
drivers of multidimensional poverty of rural households in Nigeria. 
Their research revealed that variables such as household size, gender, 
off-farm income, access to community health extension workers, and 
availability of public markets significantly affect poverty levels. These 
findings provide valuable context for our study, indicating that factors 
like household size, gender and income sources play a pivotal role in 
shaping how BB-SRI adoption influences multidimensional poverty. For 
instance, larger households, as it was the case in this study, may 
encounter limitations in fully harnessing the benefits of BB-SRI tech
nology, potentially explaining the diverse outcomes observed. Addi
tionally, the gender dynamic is noteworthy, as male-headed households, 
with typically better resource access, exhibit a lower likelihood of 
experiencing poverty in northern Nigeria in general. 

The analysis highlights that BB-SRI adoption can lead to improved 
living conditions and reduced multidimensional poverty for those who 
adopt it, but its impact can differ across sectors and poverty cutoffs. 
Furthermore, it warns that non-adopters may be at risk of increased 
poverty if other drivers of poverty are not accounted for. Therefore, it's 
crucial to carefully consider and tailor strategies for promoting BB-SRI 
adoption to address the unique circumstances of different sectors and 
poverty levels. 

5. Summary, Conclusion and Recommendations 

The study concludes that agriculture is a crucial sector for the live
lihoods of farmers in BIS and Zamfara State as a whole, and that the 
existing large household sizes could have implications for food security 
and resource allocation. Access to electricity is also crucial for increasing 
agricultural productivity. The BB-SRI method appears to be more land- 
use efficient than other practices, potentially improving yields and 
profits for smallholder farmers while promoting sustainable agriculture 
practices. Overall, the study suggests that adopting the BB-SRI method 
could increase yields and profits for smallholder farmers, which could 
improve their income and livelihoods in a sustainable manner. 

We found that BB-SRI is a more profitable and sustainable method for 
rice farming in BIS and potentially in Zamfara State. Adopting BB-SRI 
appears to be associated with lower non-monetary poverty, while 
relying on traditional farming practices is associated with higher non- 
monetary poverty. Our findings reveal that the benefits of SRI were 
more pronounced for those near the upper poverty line, while those 
below the lower poverty line became worse off. We recommend that 
policymakers should consider designing BB-SRI programs that prioritize 
the poorest households and ensure that the benefits are evenly distrib
uted. Also, poverty alleviation strategies should encompass a broader set 
of interventions, considering multifaceted factors that impact poverty, 
in order to effectively reduce poverty gap and severity, especially among 
rural farmers adopting BB-SRI. Furthermore, we suggest conducting 
further research to understand better the impact of BB-SRI on poverty 
outcomes. 
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