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ABSTRACT 

 

The study utilized data from adoption pathway survey and utility maximization theory to examine the impacts of adopting sustainable 

agricultural practices (SAPs) on food security, nutrition, and poverty among smallholder maize farmers in the Morogoro region of 

Tanzania. The SAPs considered include manure, crop rotation, intercropping, crop residuals, and improved maize varieties. Using the 

endogenous treatment effect model, data collected from 470 farming households in Kilosa and Mvomero districts through a multi-stage 

sampling procedure were analyzed. Prior to data analysis, weak instrument and zero first-stage tests were employed to test the robustness 

and validity of the selected instruments, with results deemed satisfactory. The empirical findings indicate that the application of improved 

maize varieties, crop residual, and crop rotation practices had positive and significant impacts on the household’s food security and 

nutrition. Notably, the usage of improved maize varieties alone demonstrated positive and significant impacts on poverty indicators, 

suggesting its potential to alleviate poverty among smallholder farmers. The study recommends the development of agricultural 

productivity enhancement programmes. These programmes should feature a precise targeting strategy aimed at food-insecure 

households and poor farming households, with the goal of eradicating hunger and nutrition deficiencies within these vulnerable groups. 

Furthermore, the poverty-alleviating impacts of SAPs, such as improved maize varieties, are expected to grow with increased adoption. 

Consequently, it is crucial to prioritize significant investments in agriculture. Strengthening and improving maize seed systems becomes 

imperative, aiming to guarantee the availability and affordability of enhanced maize varieties for smallholder farmers in Tanzania. This 

step will facilitate wider adoption and contribute to poverty reduction among farming communities. 

  

Keywords: Endogenous treatment effect model, Food Security, Nutrition, Poverty, Sustainable Agricultural Practices, Tanzania 

………………………………………………………………………………………………………………………………………….… 
 

I. INTRODUCTION 

 

Globally, there has been widespread acknowledgement of the beneficial impacts of sustainable agricultural practices 

(SAPs) on various facets such as crop yield, income, food security, and soil health (Ogada et al., 2020; Pangapanga & 

Mungatana, 2021). The term SAP encompasses a comprehensive strategy focused on reshaping agricultural food systems 

to adopt climate-resilient practices that safeguard the environment, promote economic viability, and uphold social 

responsibility (World Bank, 2020). The SAPs examined in this study include intercropping, manure, crop rotation, improved 

maize varieties, and crop residual. These specific practices have been selected due to their demonstrated abilities to augment 

soil fertility, efficiently manage pests, build farmers’ adaptive capability to climate change, and address environmental-

related concerns (Bongole et al., 2021). Setsofia et al. (2022) have referred to Sub-Saharan Africa (SSA) as one of the most 
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vulnerable regions to the adverse effects of climate change (World Bank, 2018). Consequently, climatic challenges such as 

inadequate rainfall shortages have led to low agricultural yields, reduced farm incomes, increased poverty, and heightened 

food insecurity among households in SSA.  

The agriculture sector in Tanzania has been identified as a significant contributor to the country’s overall economic 

growth, accounting for 26.9% (BOT 2021b). However, this sector heavily relies on rain-fed systems, leading to agricultural 

productivity that falls below anticipated levels and resulting in food insecurity among smallholder farming households 

(Kassie et al., 2013). The ministry of agriculture has allocated substantial resources to enhance farm productivity by 

advocating for the adoption of SAPs through subsidies and training programs. In spite of the aforementioned efforts, the 

data illustrates persistently high levels of food insecurity and nutritional deficiencies. Approximately 34.7% of the children 

under the age of five years are classified as stunned, 14% as underweight, and 5% as wasted (FAO, 2019). Moreover, 

Tanzania ranked 95th on the global food security index, indicating inadequate progress towards achieving food-secure 

households. Furthermore, 8.3% of households in Tanzania are classified as having poor dietary intake (URT, 2019). 
 

Despite the efforts of various academicians, scholars, and researchers advocating for SAP adoption amidst climate 

change concerns, poverty, food, and nutrition insecurity still persist in Tanzania (Bongole et al., 2021). Alarmingly, nearly 

26 million people still live below the global poverty line, while agricultural productivity remains insufficient (IMF, 2020). 

Considering maize as one of Tanzania’s main staple crops, its production is at risk of decline due to the unpredictable effects 

of climate change, variability, and other adverse external factors (FAO, 2019). Consequently, this underscores the pressing 

need for significant production upgrades to meet the continued demand for food resources necessary to sustain the growing 

populace, which is expected to reach the 124 million mark by 2050 (FAO, 2022).  

The Morogoro region is prized as one of the key maize-producing regions in Tanzania; however, the data show that 

food insecurity and nutrition deficiency in households is still high (URT, 2019). Tumaini and Msuya (2020) contend that 

the household dietary diversity score (HDDS) and the children's dietary diversity score were 6.18 and 1.74, respectively, in 

2016. In addition, 37.7% of children aged between 0 and 59 months were reported as stunned; this figure is higher compared 

to the national figure (34.7%). 
 

In addition to the aforementioned factors, this study argues that the available empirical literature on the impacts of 

adopting SAPs remains inconclusive. Previous studies have shown substantial contributions of adopting SAPs in production, 

household income, and food security (Adenle et al., 2019; Bekele et al., 2021; Bongole et al., 2021; Ehiakpor et al., 2021; 

Kassie et al., 2013; Ma & Wang, 2020; Manda et al., 2016; Ndiritu et al., 2014; Ogemah, 2017; Zhou et al., 2018; Rose et 

al., 2019; Zeweld et al., 2020). However, the is insufficient literature on the impact of adopting multiple SAPs consisting 

of manure, intercropping, crop residual, improved maize varieties, and crop rotation on food security, nutrition, and poverty 

in Tanzania. In addition, the methodological uniqueness of this study lies in analyzing the impacts of adopting SAPs on 

households' food security, nutrition and poverty by controlling both observable and unobservable variables in the study. 

This is crucial due to lack of control over sample selection biases during the estimation phrase. Failure to account for 

selection biases caused by unobservable variables might lead to overestimation or underestimation of the impacts of 

adopting SAPs on outcome variables.  
 

Nevertheless, this study has argued for the practical applicability of SAPs since previous studies have failed to 

acknowledge the impacts of individual or combined SAPs on households' food security, nutrition, and poverty in various 

agro-ecological conditions. Mgomezulu et al. (2023) contend that the lack of consistency among smallholder farmers in 

maintaining the area under SAPs stems from the perception that these practices are tedious and time-consuming. This 

inconsistency in the adoption process has limited the potential benefits of using SAPs, leading to yearly food insecurities, 

chronic poverty, and nutrition deficiencies among farming households’ members. This study builds upon prior research 

(Bongole et al., 2021; Manda et al., 2018; Manda et al., 2019; Mgomezulu et al., 2023), that introduced a fresh perspective 

on modeling the adoption of SAPs. It extends this knowledge to address the inconclusiveness prevalent in the adoption 

literature. The study posits that previous research has left a modeling deficit in assessing the impacts of using agricultural 

technologies on various outcome variables. Therefore, it aims to bridge this gap by employing an endogenous treatment 

effect model to evaluate the impact of using bundled SAPs encompassing crop rotation, manure, intercropping, improved 

maize varieties, and crop residuals on food security, nutrition, and poverty among smallholder maize farmers in Morogoro 

region. 
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The study contributes to existing adoption literature in two key ways: First, it addresses the scarcity of literature on 

the benefits of using SAP interventions, aiming to guide future studies and policy frameworks amidst the ambiguity 

surrounding the impacts of adopting SAPs. Second, it endeavors to provide evidence-based insights into the scalability of 

SAP interventions. This is crucial in the ongoing discussions regarding low agricultural production levels in Africa, which 

have resulted in food insecurities, nutrition deficiencies, and poverty among farming households. Lastly, the findings of this 

study could significantly contribute to achieving Sustainable Development Goal 2, targeting the eradication of hunger, 

ensuring food security, promoting sustainable agriculture, and improving nutrition by 2030. 
 

Furthermore, utility theory was used to establish the study’s hypotheses on the association between the adoption of 

SAPs, food security, nutrition, and poverty. The conceptual hypothesis (H0) posits that there is no association between the 

adoption of SAPs, food security, nutrition, and poverty among smallholder maize farmers in the Morogoro region. 

Meanwhile, the operational hypothesis (H0) suggests that the adoption of SAPs does not exert significant impacts on food 

security, nutrition, and poverty indices. 

  

II. LITERATURE REVIEW 

 

2.1 The concept of sustainable agriculture  

Sustainability encompasses various dimensions, such as environmental sustainability, which involves responsible 

stewardship of the natural systems and resources for farms to enhance environmental stability. Agricultural sustainability 

manifests in several facets: i) building healthy soil and preventing erosion; ii) managing water wisely. iii) Minimizing air 

and water pollution; iv) Storing carbon on farms; v) Increasing resilience to extreme weather; and vi) Promoting biodiversity 

(FAO, 2015). It is crucial to note that agricultural sustainability must meet current needs without compromising the ability 

of future generations to meet theirs (Coulibaly et al., 2021). In other words, sustainable agriculture diverges from the 

industrial approach to food production while emphasizing the integration of environmental health, economics, profitability, 

and social equity across agricultural supply and value chains. 

Theoretically, an economically and socially sustainable agricultural system enables farms of all sizes to be profitable 

and contribute to their local economies while ensuring food accessibility. Rust et al. (2021). This study focuses on achieving 

agroecology, which involves managing farms as ecosystems and collaborating with nature rather than opposing it. The 

objective is to enhance productivity and profitability while addressing the interconnectedness of environmental, economic, 

and social factors to establish a sustainable agricultural system. 

  

2.2 Sustainable agricultural practices 

According to FAO (2019), SAPs encompass methods that facilitate the more efficient utilization of natural 

resources, mitigate agriculture’s impact on the environment, and enhance adaptability to climate change and variability. 

These practices include crop rotation, use of cover crops, increased crop diversity, minimal tillage systems, integrated pest 

management (IPM), integration of livestock and crops, agroforestry practices, and precision farming, among others. 

Achieving environmental sustainability in agriculture demands adept management of natural systems and resources, which 

can yield crucial public services, notably ecosystem services. 

Adopting sustainable agricultural practices typically requires considerable efforts or resource investments from 

farmers and is often a response to concrete incentives provided by policies, market conditions, and support from local and 

national governments, as well as public-private partnerships (Khwidzhili & Worth, 2017; Rose et al., 2019). Despite growing 

interest in sustainable agriculture and the proliferation of projects and policies promoting these practices globally, there has 

been limited evaluation of the incentives, adoption, and outcomes in food security, nutrition, and poverty. Specifically, 

understanding how various incentives promote adoption, whether adoption leads to significant and measurable changes in 

outcomes, and the factors influencing these connections remains a critical yet understudied area. 

The incentives-adoption-outcomes framework provides a coherent logic for parsing and evaluating best practices 

related to sustainability. However, existing literature on these relationships is inconclusive and lacks clarity, particularly 

when considering different types of incentives. 
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Table 1 

 Selected sustainable agricultural practices for the study 
 

SAPs Description 

Crop rotation Refers to a process of growing crops which have different nutrient needs, and management, 

sequentially. It impedes the spread of pest, and improve soil fertility. 

Intercropping Refers to a process of growing of mixed crops, which have different characteristics and 

requirement on the same land at the same time. It contributes to pest control. 

 Manure Defined as materials that are made from decaying animal wastes. It improves the soil and 

plant health.  

Improved maize varieties Refers to maize cultivars that have been selectively bred or developed through 

biotechnological methods to exhibit characteristics and traits that make them. Superior to 

traditional or unimproved maize varieties. It contributes to pest control and yield. 

 Crop residual Refers to parts of a crop that remain in the field after the main harvest has taken place. 

These residues can include various plant materials such as stems, leaves, and roots. It 

benefits the soil and erosion control. 

  Source: Dictionary of Agriculture (2006) 

 

2.3 Linkage between SAPs, food security, nutrition and poverty  

Piñeiro et al. (2022) assert that the adoption of SAPs is crucial for enhancing agricultural productivity and the 

livelihoods of farming households, benefiting both micro and macro levels of the economy. Primarily, food security 

encompasses the availability, accessibility, utilization, and stability of food among households’ members. Manda et al. 

(2018) contended that proper implementation of SAPs could significantly impact food availability by boosting agriculture 

productivity. Moreover, previous studies (Abenman et al., 2018; Manda et al., 2018; Mkonda, 2021; Setsofia et al., 2022), 

have empirically suggested that effectively managed SAPs have the potential to increase food production, alleviate food 

insecurity, and address nutrition deficiencies by enabling the sale of surplus crops to afford better quality foods. 

 

2.4 Empirical framework  

As indicated in Table 2, a notable research gap exists due to scarcity of studies testing whether the application of 

bundled SAPs (manure, intercropping, crop rotation, improved maize varieties, and crop residual) yield better or comparable 

outcomes compared to the use of individual SAPs by using endogenous treatment effect models. It is hypothesized that 

bundled SAPs could significantly impact food security, nutrition, poverty indicators, with assumed variations across 

different locations. 
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Table 2 

Summary of the studies related to the impacts of SAPs on food Security, nutrition and poverty globally. 
 

Author Practices Country Statistical model 

Teklewoold et al. 

(2019) 

Crop diversification, soil and water 

conservation, improved maize 

varieties 

 (Food security and Nutrition) 

Ethiopia Endogenous switching regression 

Setsofia et al. 

(2022) 

Improved seed, fertilizer, and soil 

and water conservation  

(Food security) 

Ghana Multinomial endogenous switching 

regression 

Sahraei et al. 

(2022)  

Sustainable agricultural practices  

(Food security) 

Iran Censored regression (Tobit model) 

Manda et al. 

(2018) 

Improved maize varieties 

(Food security) 

Zambia 

 

Doubly robust inverse probability 

weighted regression adjustment method, 

complemented with propensity score 

matching  

Mujeyi et al. 

(2021) 

Minimum tillage, mulching, 

intercropping, manure 

(Food security) 

 

Zimbabwe Endogenous switching regression 

Merga et al. (2023) Improved Maize varieties 

(Food security) 

Ethiopia Endogenous treatment effect model 

Manda et al. 

(2019) 

Improved seed varieties 

(Poverty) 

Nigeria Counterfactual analysis 

Kassie et al. 

(2014) 

Improved maize varieties 

(Food security) 

Tanzania Continuous treatment approach 

Nkomoki et al. 

(2018) 

Crop diversification and agro forestry 

practices 

(Food security) 

Zambia  Descriptive chi-square approach  

Abdallah et al. 

(2021) 

Zero tillage, intercropping, residual 

and animal manure  

(Food security) 

South Africa Multinomial endogenous treatment effects 

 

 

2.5 Theoretical framework 

This study acknowledges that previous studies on the adoption of SAPs have largely relied on the utility 

maximization theory as their theoretical foundation (Bongole et al., 2021; Kassie et al., 2013; Lasway et al., 2020; Pinerio 

et al., 2022; Wordofa et al., 2021). Expanding on this foundation, the study incorporates a temporal dimension into the 

utility maximization decisions made by smallholder farmers. Drawing from aforementioned previous studies, this study 

initially assumes that a farmer would adopt SAPs, namely: (i) crop rotation; (ii) intercropping; (iii) manure; (iv) crop 

residual; (v) improved maize varieties, if these practices lead to the maximization of utility defined in terms of food security, 

nutrition, and poverty. 

The assumption is that each of the smallholder financiers will attach a utility to each SAP denoted by Uij based on 

socio-economic, institutional, and agro-ecological factors. Then, the utility derived from adopting SAPs can be presented 

as follows: 

U𝑖𝑗𝑡 = ((𝜂𝑖𝑗𝑡 , ℎ𝑖) ∀j = 1 … . .5  for t = 1 
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The implication of this utility function is that when smallholder maize farmers decide to adopt SAPs, they do so 

based on their utility functions. These utility functions could be related to production functions for achieving maximum 

yield, thereby contributing to food security, and generating income for poverty alleviation. Thus, this study assumes that 

there is subsist non existences of mutually exclusivity in the faming households’ choice of SAPs, Therefore, the probability 

of adopting SAPs can be presented as follows: 

𝑃𝑖1 = Pr (𝑈𝑖1 > 𝑈𝑖2, 𝑈𝑖1 > 𝑈𝑖3) 

As such, a smallholder farmer chooses to adopt SAPs that will maximize their respective utility function. This can 

be presented as follows:  

𝑈𝑖𝑗𝑡 = 𝑉𝑖𝑗𝑡 + 𝜀𝑖𝑗 ∀j = 1 … … .5  for t = 1 … … . .5 

Where: 𝑉𝑖𝑗𝑡 explains smallholder maize farmers’ utility, and e is the error term that captures unobservable 

determinants of utility, and q are the parameters to be estimated. 

 

III. METHODOLOGY 

 

3.1 Data 

The study utilized data from adoption pathway survey, a collaborative initiative involving several African countries, 

including Tanzania. The project aims to enhance food security and reverse declining productivity trends by comprehending 

the socio-economic and agricultural system characteristics influencing technology adoption. Additionally, it aims to 

facilitate adaptation to external factors, such as production risks within maize-based farming systems. In the initial phase of 

the multistage sampling process, two districts in the Morogoro region, namely Mvomero and Kilosa, were selected based 

on their potential for maize-legume production. Each of the two districts received the same number of sample households. 

The households within each district were distributed according to the size of the district's households (proportionate 

sampling). Subsequently, 5–13 wards were selected in each district, 1–4 villages in each ward, and 2–30 farm households 

in each village through a fully proportional random sampling procedure. Although the sample may not be representative of 

Tanzania as a whole, it is representative of the country's major maize-legume farming systems. 

A well-designed and pre-tested questionnaire was employed to collect comprehensive information regarding 

household, plot, and village details. This included data on households' production activities, plot-specific characteristics, 

SAP adoption such as intercropping, manure, improved maize varieties, crop rotation, and crop residual. Additionally, the 

questionnaire captured demographic information, infrastructure details, food, nutritional, and poverty indicators for each 

household and village. The data collection process also involved observations and casual conversations with farmers to 

delve into their concerns and seek clarification. 

Supplementary qualitative data were incorporated to complement the quantitative data collected from the 

smallholder maize farmers. The research was carried out during the 2017–2018 maize cropping season. 

 

3. 2 Econometric Framework  

The study first notes that smallholder maize farmers’ decisions to adopt SAPs may occur randomly. This implies 

the presence of potential confounding factors that could influence the adoption of multiple SAPs. Similar perspectives have 

been expressed by Bongole et al. (2021) and Kassie et al. (2013), highlighting that socio-economic factors significantly 

affect the adoption of agricultural practices such as SAPs. Consequently, there is potential for self-selection in the adoption 

process, wherein smallholders choose SAPs based on their utility functions. This self-selection suggests the presence of 

both observed and unobserved heterogeneity biases in the adoption of SAPs. Therefore, employing an endogenous switching 

regression model becomes pertinent as it has the ability to control for both observed and unobserved factors, mitigating the 

biases inherent in such a scenario. 

The study follows the methodology employed by (Amadu et al., 2020; Dillon et al., 2019; Mgomezulu et al., 2023; 

Ruel et al., 2018; Wooldrige, 2015), in utilizing the weak instrument to test the robustness of the instrument used. 

In terms of statistical modeling, this study adopted the approach presented by Mgomezulu et al. (2023) and Khanal 

et al. (2018), who employed the ERS in a single stage with variations in the outcome variables. 

The average treatment effects of the untreated are presented as follows: 

Firstly, smallholder maize farmers that participated in the adoption of SAPs J are presented by:  

𝐸[𝑅𝑗𝑖𝑡 ∣ 𝑌 = 𝑗, 𝑋𝑖𝑗 , 𝛾𝑖𝑗] = 𝛿𝑖𝑋𝑖𝑗𝑡 + 𝜎𝑗𝜀𝛾𝑗𝑖………………………………………………..(i) 
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Secondly, for those who didn’t participate in the adoption of SAPs J: 

𝐸[𝑅1𝑖𝑡 ∣ 𝑌 = 1, 𝑋1𝑖𝑡 , 𝛾𝑖1] = 𝛿𝑖𝑋𝑖1𝑡 + 𝜎1𝜀𝛾1𝑖…………………...………………………. (ii) 

Then the ATT is presented as follows:  

𝐴𝑇𝑇 = 𝐸[𝑅𝑗𝑖𝑡 ∣ 𝑌 = 𝑗, 𝑋𝑖𝑗𝑡 , 𝛾𝑖𝑗] − 𝐸[𝑅1𝑖𝑡 ∣ 𝑌 = 𝑗, 𝑋𝑖𝑗𝑡 , 𝛾𝑖𝑗] = 𝑋𝑖𝑗𝑡(𝛿𝑗 = 𝛿1)

 +𝛾𝑗𝑖(𝜎𝑗 − 𝜎1)
………..(iii) 

Following Wooldridge (2015), the endogenous test, and weak instruments test, are presented as:  

𝑌𝑖𝑗 = 𝑋𝑖𝛽𝑖 + 𝜇𝑖……………………………………………………………..................... (iv) 

𝑋𝑖 = Zi𝛾 + 𝜀𝑖………………………………………………………….….…………….  (v) 

Where equation of the structural equation and equation in reduced form. As such, the study tested the null hypothesis that 

𝛾 = 0  in reduced form against the alternative that  𝛾 ≠ 0 rejecting the null hypothesis implies the presence of 

endogeneity. 

 

3.2 Description of the outcome variables 

Following Haugton & khandler (2009), the study employs: i) the head count index; (ii) the poverty gap index; (iii) 

the squared poverty gap index which are part of the forster-Gree Thorbecke (FGT) poverty indices and presented as follows:  
 

𝐹𝐺𝑇∝ =
1

𝑁
∑𝑖=1

𝐻   (
𝑍−𝑦𝑖

𝑍
)

𝛼
…………………………………………………(i) 

 

Z presents the poverty line, N is the number of smallholder maize farmers, H is the number of farming households 

with income below the poverty line, y is the income of the farming households. The FGT index reduces to a headcount 

index, and measures incidence of poverty when 4-1, the FGT reduces to the poverty index. The headcount index and poverty 

line index are computed for the farming household based on the adult equivalence, and household consumption poverty 

line.  

The study follows (FAO, 2016; Mgomezulu et al.,2023) in utilizing the household dietary diversity score as a 

measure of nutrition security, presented as: 

 

𝐻𝐷𝐷𝑆 = ∑𝑖  𝑤𝑖𝑖 = 1,2,3,4,5,6,7,8,9,10…………………………………(ii) 
 

Where: Wi presents the food group consumed by the farming household, where 1 equals the farming household that 

consumed a particular food group, 0 otherwise. The farming household that consumed all 10 food groups in the past month 

would score a HDDS of 10. The Household Dietary Diversity Score (HDDS) serves as a valuable metric for assessing food 

access since it gauges the quality of food available to a farming household. This score quantifies the diversity of food groups 

consumed by the household, reflecting the variety and nutritional quality of their diet. (Aberrnman et al., 2018). The food 

groups considered in this study are: (i) pulses; (ii) eggs; (iii) meat and fish; (iv) fats and oils; (v) cereals and grains; (vi) 

dairy; (vii) fruits and vegetables; (viii) roots and tubers; (ix) condiments; and (x) sugar. However, the HDDS model fails to 

capture the nutritional values of the consumed food groups. 

Food consumption score (FCS) is another measure of food security, is calculated by assigning weights to various 

food groups based on their nutritional importance, and then multiplying these weights by the frequency of consumption for 

each group. This method offers a comprehensive assessment by accounting for both the diversity of food intake and the 

nutritional value of the consumed items. FAO (2016) contends that FCS, unlike the HDDS model, provides a complete score 

that can efficiently measure food consumption frequencies, dietary diversity, and nutrition values of the respective food 

groups. The weights assigned to the study’s food groups are: staple foods such as cereals and grains (4); vegetables (1); 

pulse (3); meat and fish (4); fruits (1); milk and dairy products (4); fats and oil (0.5); sugar (0.5); and condiments (0). 

Nevertheless, the FCS method requires a 7-day recall period as opposed to the 24-hour recall period required by the HDDS 

model (Maxwell et al., 2014; Mgomezulu et al., 2022). Thus, a higher FCS score signifies higher food and nutrition security. 

The study utilized a household food insecurity access scale (HFIAS) to assess access to food during the past 30 

days.  A higher HFIAS score indicates increased food insecurity and poor access to food among members of farming 

households. The HFIAS model consists of nine defined questions that are sufficient for distinguishing between food insecure 

and secure households. The model contends that in order to capture the accessibility to food, the respondent must respond 
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to the following: (i) rarely, i.e., once or twice in the past four weeks; or option (iii) often, i.e., more than ten times in the past 

four weeks, to the following questions asked to capture the duration of four weeks; i) in the past four weeks, did you worry 

that your household would not have enough food? (ii) Did you or any of the household members not eat the kind of food 

preferred because of a lack of resources? (iii) Did you or any household member have to eat a limited variety of food due 

to a lack of resources? (iv) Did you or any household member have to eat some of the food that you didn’t want because of 

a lack of resources to obtain other types of food? (v) Did you or any household member have to eat smaller meals than you 

felt you needed because there was not enough food? (vi) Did you or any household members have to eat fewer meals in a 

day because there was not enough food? (vii) Was there ever no food to eat of any kind in your household because of a lack 

of resources to get food? (viii) Did you or any household member go to sleep at night hungry because there was not enough 

food? (ix) Did you or any household member go a whole day and night without eating anything because there was no food? 

The maximum score of 27 indicates that the household has responded often to all of the asked questions suggesting a higher 

level of food insecurity. Conversely, a minimum score of 10 indicates that the household did not face any of described food 

insecurity situations, suggesting a lower level of food insecurity or more secure food situation for that household.  

  

IV. RESULTS & DISCUSSIONS 

 

4.1 Weak instrument test 

The selection of the instrument in this study was grounded in the utility theory and guided by previous adoption 

studies such as (Amadu et al., 2020; Dillon et al., 2019; Mgomezulu et al., 2023). In addition, a weak instrument approach, 

as outlined by Wooldridge (2015) was employed to test the robustness of the selected instruments. In selecting the 

appropriate instrument for the study, it was hypothesized that the proportion of plots in an enumeration area should be under 

SAPs. Consequently, the study adopted a zero-first-stage test, an effective method to assess the validity. Following the 

reduced form estimation, the null hypothesis, which suggested weak validity of the instrument, was rejected at (P<0.01) as 

shown in Table 3. 

 

Table 3 

Endogeneity Test and Weak Instrument Robust Tests for IV 

 

 

  

Test Statistic P-Value 

AR Chi2 (5) = 26.01 0.0001 

Wald Chi2 (5) = 11.95 0.0021 
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4.2 Impact of adopting SAPs on food security and nutrition among smallholder maize farmers 

 

Table 3:  

Average treatment effect of SAPs adoption on FCS, HDDS and HFIAS 
SAPs  Actual 

FCS 

dependent 

on SAPs 

adoption 

Counterfac

tual FCS 

independe

nt of SAPs 

adoption 

ATE Actual 

HDDS 

depende

nt on 

SAPs 

adoption 

Counterf

actual 

HDDS 

independ

ent of 

SAPs 

adoption 

ATE Actual 

HFIAS 

depende

nt on 

SAPs 

adoption 

Counterfact

ual HFIAS 

independent 

of SAPs 

adoption 

ATE 

SAPs adopters  33.111 

(5.01) 

32.960 

(5.01) 

0.151 6.325 

0.38 

6.136 

(0.42) 

0.189 5.493 

(1.52) 

5.310 

(1.38) 

0.183 

Crop-rotation 

(ATT) 

35.109 

(4.71) 

 

8.539 

(6.31) 

 

26.57*** 6.521 

0.27 

6.138 

(0.23) 

0.383**

* 

5.852 

(1.65) 

5.721 

(1.51) 

0.131*** 

Intercropping 

(ATT) 

34.781 

(5.01) 

19.083 

(3.17) 

15.698*** 6.282 

(0.47) 

4.403 

(0.51) 

1.879**

* 

4.313 

(2.01) 

3.957 

(2.11) 

 

0.356*** 

Improved 

maize varieties 

(ATT) 

36.136 

(4.12) 

5.680 

(5.01) 

30.456*** 5.166 

(0.42) 

 

1.022 

(0.35) 

4.144**

* 

6.944 

(1.12) 

2.408 

(1.88) 

4.536*** 

Manure (ATT) 30.120 

(5.01) 

31.166 

(6.60) 

-1.046 6.005 

(0.28) 

5.980 

(0.48) 

0.025 5.317 

(1.01) 

5.501 

(1.63) 

-0.184 

Crop-

residual 

(ATT) 

33.104 

(5.21) 

12.608 

(6.61) 

20.496** 5.915 

(0.36) 

3.119 

(0.55) 

2.796**

* 

6.471 

(1.86) 

5.968 

(1.24) 

0.503*** 

Standard error in parameters *p<0.10, **p>0.05, ***p>0.01 

 

The findings in Table 3 indicate that the adopters of improved maize varieties and crop rotation practices 

significantly increased FCS by 30.6 and 26.5 points, respectively, than non-adopters. This suggests that non-adopters could 

potentially enhance their FCS by similar margins through the adoption of these practices. Improved maize varieties are 

particularly crucial for bolstering productivity due to their high yield traits and resilience to climate change, thus contributing 

to food security among smallholder farmers. These findings are consistent with studies by (Kasie et al., 2014; Katushula et 

al., 2014; Manda et al., 2018), and (Merga et al., 2023; He et al., 2021), who contended that improved maize varieties and 

crop rotations had significant impacts on food security among smallholder farmers in Zambia and Ethiopia, respectively. 

Furthermore, the adoption of crop residue and intercropping practices demonstrated significant associations with 

food security, leading to increases in FCS scores of 20.4 and 15.6 points, respectively, compared to non-adopters. Although 

improved maize varieties and crop rotation exhibited a more substantial contribution to food security compared to crop 

residual and intercropping, adopters across all practices demonstrated relatively higher FCS compared to non-adopters, 

indicating better food security status. These findings align with Amare et al. (2011) and Krishina et al. (2023), showcasing 

the significant impacts of crop residual and intercropping on food security among farming households in Tanzania and India, 

respectively. 

In addition, crop rotation and intercropping practices exhibited significant impacts on HDDS. Specifically, adopters 

of crop rotation and intercropping had increases in HDDS by 0.38 and 1.879 points, respectively, compared to non-adopters. 

Meanwhile, adopters of crop residual and improved maize varieties recorded significant HDDS of 2.79 and 4.14 points, 

respectively, compared to counterfactuals. As HDDS reflect the diversity of food groups consumed within the past 24 hours, 

these findings suggest that adopters had more diversity in their diets compared to their counterfactuals. In addition, higher 

HDDS indicates greater financial returns from agricultural produce, enabling the purchase and consumption of various food 

groups. These findings align with the findings of Bongole et al. (2021) and Rehman et al. (2022), who contended that SAPs 

had significant impacts on food and nutrition security among farming households in Tanzania. 
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Lastly, adopters of crop rotation and intercropping practices had significant HFIAS scores of 0.13 and 0.35 points, 

respectively. Conversely, adopters of crop residual and improved maize varieties recorded significant HFIAS scores of 4.53 

and 0.50, respectively, compared to counterfactuals, indicating that SAPs adopters had better access to food compared to 

non-adopters. These findings are consistent with those by Setsofia et al. (2022) and Mujeyi et al. (2021) in Ghana and 

Zimbabwe, respectively, in amplifying that SAPs adopters had better access to food compared to their counterfactuals. 

 

4.3 Impact of adopting SAPs on poverty indices among smallholder maize farmers 

 

Table 4 

Average Treatment Effect of SAPs on poverty indices 
 

SAPs Actual 

FGT1 

depende

nt on 

SAPs 

adoption 

Counterfactu

al FGT1 

independent 

of SAPs 

adoption 

ATE Actual 

FGT2 

depend

ent on 

SAPs 

adoptio

n 

Counterfact

ual FGT2 

independen

t of SAPs 

adoption 

ATE Actual 

FGT3 

depende

nt on 

SAPs 

adoption 

Counterfact

ual FGT3 

independent 

of SAPs 

adoption 

ATE 

SAPs 

adopters 

0.4818 

0.324 

0.4821 

0.324 

-0.0003 0.152 

0.111 

0.154 

0.112 

-0.002 0.071 

0.114 

0.075 

0.114 

0.004 

Crop 

rotation 

(ATT) 

0.3129 

0.327 

0.3148 

0.326 

-0.0019 0.154 

0.122 

0.156 

0.112 

-0.002 0.084 

0.121 

0.091 

0.115 

0.007 

Intercroppi

ng (ATT) 

0.4122 

0.328 

0.4131 

0.327 

-0.0009 0.161 

0.111 

0.167 

0.113 

-0.006 0.091 

0.132 

0.097 

0.132 

0.006 

Improved 

maize 

varieties 

(ATT) 

0.4918 

0.331 

0.3107 

0.329 

0.1811*** 0.181 

0.146 

0.123 

0.102 

0.0581*** 0.092 

0.133 

0.060 

0.128 

0.032*** 

Manure 

(ATT) 

0.4609 

0.324 

0.4501 

0.310 

0.0405 0.152 

0.111 

0.125 

0.160 

0.027 0.071 

0.114 

0.061 

0.127 

0.010 

Crop 

residual 

0.3001 

0.307 

0.2909 

0.326 

0.0092 0.154 

0.122 

0.145 

0.018 

0.009 0.089 

0.111 

0.071 

0.123 

0.018 

Standard error in parentheses *p<0.10, **p<0.05, ***p<0.01 

 

The findings in Table 4 demonstrate that the adoption of improved maize varieties had significant impacts on all 

poverty indices. Similarly, Manda et al. (2018) found that the use of improved maize varieties significantly reduced poverty 

among smallholder cowpea farmers in Nigeria. However, contrary to these findings, Mgomezulu et al. (2023) argued that 

the adoption of SAPs had no significant impact on poverty indices, suggesting that the application of SAPs might not 

necessarily influence poverty indicators among smallholder farmers. Notably, the varying contributions of different SAP 

elements to poverty could stem from the spending habits of farming households. These households might allocate their 

incomes to expenditures that do not directly or indirectly contribute to poverty reduction in their households.  
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V. CONCLUSIONS & RECOMMENDATIONS 

 

5.1 Conclusions 

The study aimed to evaluate the impacts of adopting multiple SAPs on food security, nutrition, and poverty among 

smallholder maize farmers in the Morogoro region. Despite government initiatives to promote SAP adoption for improving 

food security and poverty reduction by 2030, previous studies indicate persistent food insecurity, nutritional deficiencies, 

and poverty among farming households in the Morogoro region. Low adoption rates of SAPs have exacerbated these 

challenges by causing low maize yields, intensifying food and nutrition insecurity in farming households. Consequently, 

recent efforts have focused on promoting low-cost and climate-resilient SAPs. 

This study introduced a novel perspective by examining the impacts of adopting SAPs on food security, nutrition, 

and poverty through the utilization of an endogenous treatment effect model. Empirical findings revealed that adopting crop 

rotation, intercropping, improved maize varieties, and crop residuals significantly improved food security and nutrition. 

Notably, improved maize varieties were the sole practice within the bundle that significantly impacted poverty indices. 

Therefore, the concurrent utilization of multiple SAPs emerges as a critical approach to enhance food security, nutrition, 

and poverty alleviation among farming households in diverse agro-ecological settings across Tanzania. 

 

5.2Recommendations 

Based on the findings, the study recommends the development of agricultural productivity programs that will 

promote the adoption of SAPs for improved food security, nutrition, and poverty among smallholder farmers. Moreover, 

such programs should adopt toiled extension delivery systems and timely evaluations. This includes the formation of well-

designed farmer’s organizations, village savings cooperatives, and loan groups that provide the required financial muscles 

and information needed to adopt SAPs. Furthermore, the study recommends that future research should be conducted based 

on panel research design; this is crucial in assessing the sustainability of adoption decisions to SAPs and associated impacts 

on various outcome variables such as income, yield, food security, nutrition, expenditures, and poverty. In this regard, 

considerable agricultural-related investments should be made to strengthen and improve maize seed systems so as to ensure 

that improved seeds are readily available and accessible at affordable prices to smallholder farmers in Tanzania. 

 

Acknowledgements 

Author contributions: Conceptualization, JM, AA, JM, MK; Methodology, JM, AA, JM, MK; Data management, JM, AA, 

JM, MK; Formal analysis, JM, AA, JM, MK; Writing original draft preparation, JM, AA, JM, MK; Writing and Editing, 

JM, AA, JM, MK. All authors have read and agreed to the published final version of the manuscript. 

Funding: Data for this study was funded by the adoption pathway project.  

Informed consent statement: Informed consent was obtained from all subjects involved in the study. 

Data availability statement: The data presented in this study are available on request from the corresponding author and 

the adoption pathway project. The data are not publicly available due to privacy. 

Conflicts of interest: The authors declare no conflicts of interest. 

 

REFERENCES 

 

Abdallah, A., & Abdul-R, Awal., & Issahaku, G. (2021). Sustainable Agricultural Practices, Farm Income and Food Security 

among Rural Households in Africa. Research Square. 10.21203/rs.3.rs-330019/v1. 

Abdul-Rahaman, A., Issahaku, G., & Zereyesus, Y. A. (2021). Improved rice variety adoption and farm production 

efficiency: Accounting for unobservable selection bias and technology gaps among smallholder farmers in Ghana. 

Technology in Society, 64, 101471. 

Aberman, N. L., Meerman, J., & Benson, T. (2018). Mapping the linkages between agriculture, food security and nutrition 

in Malawi. International Food Policy Research Institute. 

Adenle, A. A., Wedig, K., Azadi, H. (2019). Sustainable agriculture and food security in Africa: the role of innovative 

technologies and international organizations. Technol Soc, 58,101143 

Amadu, F. O., McNamara, P. E., & Miller, D. C. (2020). Understanding the adoption of climate smart agriculture: A farm-

level typology with empirical evidence from southern Malawi. World Development, 104–126. 

http://refhub.elsevier.com/S2949-7531(23)00022-X/sref1
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref1
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref4
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref4
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref4


Vol. 4 (Iss. 2) 2023, pp. 1091-1104    African Journal of Empirical Research     https://ajernet.net     ISSN 2709-2607 

  
 

 

1102 
 

Licensed Under Creative Commons Attribution (CC BY-NC)  

Annan, K., & Dryden, S. (2015). Food and the transformation of Africa: Getting smallholders connected. Foreign Affairs, 

94(6), 124–129. 

Bank of Tanzania. (2021b, February). Monetary policy statement: The mid-year review 2020/21. Bank of Tanzania. 

Bekele, R.D., Mirzabaev, A., & Mekonnen, D. (2021). Adoption of multiple sustainable land management practices among 

irrigator rural farm households of Ethiopia. L Degrad Dev, 32, 5052–5068. https://doi.org/10.1002/ldr.4091 

Beyene, A.D., Mekonnen, A., Kassie, M., Di Falco, S., & Bezabih, M. (2017). Determinants of Usage and Impacts of 

Sustainable Land Management and Climate-Smart Agricultural Practises (SLM-CSA): Panel Data Evidence from 

the Ethiopian Highlands. Environment for Development Discussion Paper Series. pp.17-10. 

Bongole, A. (2021). Climate Smart Agricultural Practises and Food Security: A case of Mbeya and Songwe regions in 

Tanzania (Doctoral Thesis. Sokoine University of Agriculture).  

Coulibaly, P., & Du, J., & Diakité, D. (2021). Sustainable agricultural practices adoption. Agriculture (Pol'nohospodárstvo), 

67, 166-176. 10.2478/agri-2021-0015. 

Di Falco, S., Kis, A., & Viarengo, M. (2022). “Climate Anomalies, Natural Disasters and Migratory Flows: New Evidence 

from Sub-Saharan Africa”, IZA Discussion Paper No. 15084 and IHEID Center for International Environmental 

Studies Working Paper No. 73/2022. 

Dictionary of Agriculture (2006). Dictionary of Agriculture: Over 6,000 Terms clearly defined (3rd ed.). London: A and C 

Black. 

Dillon, A., Bliznashka, L., & Olney, D. (2019). Experimental evidence on post-program effects and spillovers from an 

agriculture-nutrition program. Economics and Human Biology, 100–120. 

Ehiakpor, DS., Danso-Abbeam, G., Mubashiru, Y. (2021). Adoption of interrelated sustainable agricultural practices among 

smallholder farmers in Ghana. Land use policy, 101, 105142 

Food and Agriculture Organization. (2015). The state of food security in the world. Food and Agriculture Organization of 

the United Nations. 

Food and Agriculture Organization. (2016). Methods for estimating comparable rates of food insecurity experienced by 

adults throughout the world. Food and Agriculture Organization. https://www.fao .org/3/c-i4830e.pdf. 

Food and Agriculture Organization. (2019). The State of Food Insecurity in the World Addressing food insecurity in 

protracted crises 2019 Key messages. Available from http://www.ifpri.org/ [Accessed 20/10/2023]. 

Food and Agriculture Organization. (2022). Leveraging automation in agriculture for transforming agrifood systems. Rome, 

FAO. 

Haughton, J., & Khandker, S. R. (2009). Measuring poverty: Poverty and inequality handbook. The World Bank. 

He, D-C., Ma, Y-L., Li, Z-Z., ZhongX, C-S., Cheng, Z-B., Zhan, J. (2021)  Crop Rotation Enhances Agricultural 

Sustainability: From an Empirical Evaluation of Eco-Economic Benefits in Rice Production. Agriculture, 11(2),91. 

https://doi.org/10.3390/agriculture11020091 

International Monetary Fund. (2020). Adapting to climate Change in sub-saharan Africa (regional economic outlook (pp. 

29–38). International Monetary Fund. https://doi.org/10.5089/ 9781513536835.086 

International Food Policy Research Institute (IFPRI). (2017). Global Food Policy. Washington, D.C. 

Kassie, M., Jaleta, M., & Mattei, A. (2014). Evaluating the impact of improved maize varieties on food security in Rural 

Tanzania: Evidence from a continuous treatment approach. Food Security, 6(2), 217-230. 

Kassie, M., Jaleta, M., & Shiferaw, B. (2013). Adoption of interrelated sustainable agricultural practices in smallholder 

systems: evidence from rural Tanzania. Technol Forecast Soc Change, 80, 525–540. 

https://doi.org/10.1016/j.techfore. 2012.08.007 

Khwidzhili, R. H., & Worth, S. H. (2017). Evaluation of policies promoting sustainable agriculture in South Africa. South 

African Journal of Agricultural Extension, 45(2), 73-85. https://dx.doi.org/10.17159/2413-3221/2017/v45n2a443 

Kuntashula, E., & Chabala, L., & Mulenga, B. (2014). Impact of Minimum Tillage and Crop Rotation as Climate Change 

Adaptation Strategies on Farmer Welfare in Smallholder Farming Systems of Zambia. Journal of Sustainable 

Development, 7. 10.5539/jsd.v7n4p95. 

Lasway, J.A., Temba, G. R., & Ruhinduka, R. D. (2020). Determinants of Soil Conservation Technologies Among Small-

Scale Farmers in Tanzania; Evidence from National Panel Survey. African Journal of Economic Review, 8(1), 89–

05. 

https://doi.org/10.1002/ldr.4091
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref8
https://doi.org/10.3390/agriculture11020091
https://doi.org/10.5089/9781513536835.086
https://doi.org/10.5089/9781513536835.086
https://dx.doi.org/10.17159/2413-3221/2017/v45n2a443


Vol. 4 (Iss. 2) 2023, pp. 1091-1104    African Journal of Empirical Research     https://ajernet.net     ISSN 2709-2607 

  
 

 

1103 
 

Licensed Under Creative Commons Attribution (CC BY-NC)  

Ma, W., & Wang, X. (2020). Internet use, sustainable agricultural practices and rural incomes: evidence from China. Aust J 

Agric Resour Econ, 64, 1087–1112. https://doi.org/10.1111/1467-8489.12390 

Manda, J., Alene, A. D., Tufa, A. H., Abdoulaye, T., Wossen, T., Chikoye, D., & Manyong, V. (2019). The poverty impacts 

of improved cowpea varieties in Nigeria: A counterfactual analysis. World Development, 122, 261–271. doi: 

10.1016/j.worlddev.2019.05.027  

Manda, J., Alene, AD., & Gardebroek, C. (2016) Adoption and impacts of sustainable agricultural practices on maize yields 

and incomes: evidence from rural Zambia. J Agric Econ 67,130–153. https://doi.org/10.1111/1477-9552.12127 

Manda, J., Gardebroek, C., Kuntashula, E., & Alene, A. D. (2018). Impact of improved maize varieties on food security in 

Eastern Zambia: A doubly robust analysis. Review of Development Economics, 22(4), 1709-1728. 

https://doi.org/10.1111/rode.1251 

Maxwell, D., Vaitla, B., & Coates, J. (2014). How do indicators of household food insecurity measure up? An empirical 

comparison from Ethiopia. Food Policy, 47(1), 107–116. 

Merga, G., Million S., & Fresenbet, Z. (2023) Welfare impact of improved maize varieties adoption among smallholder 

farmers in Amuru district of Horo Guduru Wollega, Ethiopia, Cogent Economics & Finance, 11, 

1. DOI: 10.1080/23322039.2023.2207923 

Mgomezulu, W. R., Machira, K., Edriss, A. K., & Pangapanga-Phiri, I. (2023). Modelling farmers' adoption decisions of 

sustainable agricultural practices under varying agro- ecological conditions: A new perspective. Innovation and 

Green Development, 2(1), 1-36. https://doi.org/10.1016/j.igd.2023.100036 

Mkonda, M. (2021). Agricultural Sustainability and Food Security in Agroecological Zones of Tanzania. In Sustainable 

Agriculture Reviews, (pp.309-334). Springer. 10.1007/978-3-030-73245-5_9. 

Mujeyi, A.,  Mudhara, M., & Mutenje, M. (2021). The impact of climate smart agriculture on household welfare in 

smallholder integrated crop–livestock farming systems: evidence from Zimbabwe. Agriculture & Food Security, 

10. 10.1186/s40066-020-00277-3. 

Ndiritu, S.W., Kassie, M., & Shiferaw, B. (2014). Are there systematic gender differences in the adoption of sustainable 

agricultural intensification practices? Evidence from Kenya. Food Policy, 49, 117–127. 

https://doi.org/10.1016/j.foodpol.2014. 06.010 

Nkomoki, W., Bavorová, M., & Banout, J. (2018). Adoption of sustainable agricultural practices and food security threats: 

Effects of land tenure in Zambia. Land Use Policy, 78, 532–538. doi: 10.1016/j.landusepol.2018.07 

Ogada, M. J., Rao, E. J., Radeny, M., Recha, J. W., & Solomon, D. (2020). Climate-smart agriculture, household income 

and asset accumulation among smallholder farmers in the Nyando basin of Kenya. World Development 

Perspectives, 18, 100203.  

Ogemah, V. K. (2017). Sustainable agriculture: Developing a common understanding for modernization of agriculture in 

Africa. Afr J Food Agric Nutr Dev, 17, 11673–11690. https://doi.org/10.18697/ajfand.77.16560 

Pangapanga-Phiri, I., & Mungatana, E. D. (2021). Adoption of climate-smart agricultural practices and their influence on 

the technical efficiency of maize production under extreme weather events. International Journal of Disaster Risk 

Reduction, 61(1). https://doi.org/10.1016/j.ijdrr.2021.102322 

Piñeiro, V., Arias, J., & Dürr, J. (2020). A scoping review on incentives for adoption of sustainable agricultural practices 

and their outcomes. Nat Sustain, 3, 809–820. https://doi.org/10.1038/s41893-020-00617-y. 

Rehman, A., Farooq, M., Lee, D.J., & Siddique, K. H. M. (2022). Sustainable agricultural practices for food security and 

ecosystem services. Environmental Science and Pollution Research, 29(56), 84076-

84095. https://doi.org/10.1007/s11356-022-23635-z 

Rose, D. C., Sutherland, W.J., & Barnes, A.P. (2019). Integrated farm management for sustainable agriculture: lessons for 

knowledge exchange and policy. Land Use Policy, 81, 834–842. https://doi.org/10.1016/j.landusepol.2018.11.001 

Ruel, M. T., Quisumbing, A. R., & Balagamwala, M. (2018). Nutrition-sensitive agriculture: What have we learned so far? 

Global Food Security, 17(1), 128–153. 

Rust, N.A., Jarvis, R.M., & Reed, M.S. (2021). Framing of sustainable agricultural practices by the farming press and its 

effect on adoption. Agric Hum Values, 38, 753–765. https://doi.org/10.1007/s10460-020-10186-7 

Sahraei, S., Pakravan-Charvadeh, M.R., Gholamrezai, S., &  Rahimian, M (2022) Assessing the association of sustainable 

agriculture with rural household food security (considering ecological, economic, and social aspects). Front. Nutr, 

9, 899427. doi: 10.3389/fnut.2022.899427 

https://doi.org/10.1111/rode.1251
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref18
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref18
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref18
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref18
https://doi.org/10.1080/23322039.2023.2207923
https://doi.org/10.1016/j.igd.2023.100036
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref23
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref23
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref23


Vol. 4 (Iss. 2) 2023, pp. 1091-1104    African Journal of Empirical Research     https://ajernet.net     ISSN 2709-2607 

  
 

 

1104 
 

Licensed Under Creative Commons Attribution (CC BY-NC)  

Sanz, M. J., Vente, J. de, Chotte, J.-L., Bernoux, M., Kust, G., Ruiz, I., & Akhtar-Schuster, M. (2017). “Sustainable Land 

Management contribution to successful land- based climate change adaptation and mitigation.” A Report of the 

Science-Policy Interface. Bonn, Germany. 

Setsoafia, E., Ma, W., & Renwick, A. (2022). Effects of sustainable agricultural practices on farm income and food security 

in northern Ghana. Agricultural and Food Economics, 10. 10.1186/s40100-022-00216-9. 

Teklewold, H., Berresaw, M. & Shiferaw, B. (2013). Adoption of Sustainable Agricultural Practices in Rural Ethiopia. 

Journal of Agricultural Economics, 64, 597–623.  

Teklewold, H., Gebrehiwot, T., & Bezabih, M. (2019). Climate smart agricultural practices and gender differentiated 

nutrition outcome: Empirical evidence from Ethiopia. World Development, 122, 38-53 

Tumaini, U., & Msuya, J. (2020). Household assets and food security in and around medium-sized towns: some insights 

from Morogoro and Iringa, Tanzania. Agrekon, 59, 1-12. 10.1080/03031853.2020.1743729. 

United Republic of Tanzania. (2019). Ministry of agriculture national food security bulletin. Dodoma, Tanzania. 

Usman, K., Oluseyi, O., & Rafiat, O. (2021). Determinants of adoption of multiple sustainable agricultural practices among 

smallholder farmers in Nigeria. International Soil and Water Conservation Research, 9(2), 241-248. 

Wooldridge, J. (2015). Introductory econometrics: A modern approach. Michigan State University. 

Wordofa, M.G., Hassen, J.Y., & Endris, G.S. (2021). Adoption of improved agricultural technology and its impact on 

household income: a propensity score matching estimation in eastern Ethiopia. Agric & Food Secur 10, 5. 

https://doi.org/10.1186/s40066-020-00278-2 

World Bank. (2018). Bringing the concept of climate-smart agriculture to Life. The World Bank Group. 

World Bank. (2020). Climate smart agriculture in Malawi. The World Bank Group 

Zeweld, W., Van Huylenbroeck, G., & Tesfay, G. (2020). Sustainable agricultural practices, environmental risk mitigation 

and livelihood improvements: empirical evidence from Northern Ethiopia. Land Use Policy, 95, 103799. 

https://doi.org/10. 1016/j.landusepol.2019.01.002 

Zhou, X., Ma, W., & Li, G. (2018). Draft animals, farm machines and sustainable agricultural production: insight from 

China. Sustainability, 10, 3015. https://doi.org/10.3390/su10093015 

 

http://refhub.elsevier.com/S2949-7531(23)00022-X/sref26
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref26
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref27
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref27
http://refhub.elsevier.com/S2949-7531(23)00022-X/sref28
https://doi.org/10.3390/su10093015

