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ABSTRACT  

Smallholder farmers dominate agricultural production in many developing countries and produce 

a significant portion of the food that is consumed within those countries. Given their important 

contribution, there is a consensus that improving productivity among smallholder farmers is one 

of the most effective ways of ensuring food security and alleviating poverty in developing 

countries. However, the means by which agricultural performance could be enhanced is not 

straight forward because smallholder farmers operate in complex environments and face 

multifaceted challenges, including declining soil fertility, the use of poor farming techniques, 

limited use of fertilizers, low technology adoption, gender disparities, and market failures.  

This study contributes to improving our understanding of smallholder farmers by examining 

three of these challenges: labour allocation, technology adoption, and market selection. The 

specific goals of this study are to: (1) assess the influence of social norms on farm labour 

allocation and productivity; (2) examine the factors influencing the adoption of conservation 

agriculture (CA) practices, paying attention to the role of social norms; and (3) examine the 

impact of agricultural co-operatives on smallholder farmers. 

To achieve the first objective, the study develops a theoretical framework that incorporates the 

role of social norms in labour allocation. The study then empirically examines how social norms 

influence labour allocation and productivity through the estimation of a time allocation model 

and a production function model in which male and female labour are differentiated. To achieve 

the second objective, the study estimates a probit model to examine how social norms affect CA 

adoption. To attain the third objective, the study develops a theoretical model showing how a co-

operative affects smallholder farmers in a modern agri-food supply chain.  

With respect to labour allocation, the results show that women and men do different farm tasks, 

with men showing a preference for doing activities that use mechanical farm implements, such as 

controlling ox-drawn ploughs, while women assume manual tasks such as weeding or fertilizer 

application. Overall, women work more than men, particularly when they are under a female -

headed household. These results suggest that social norms are at play.  
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Regarding the adoption of CA, the results show that farmers differentially adopt the three CA 

components. While most farmers adopted minimum disturbance, only a few adopted mulching. 

The results also show that farmers who consider social advice and require peer support to try 

new technologies are less likely to practice mulching. This suggest that mulching does not align 

with local norms and values.  

The results of the theoretical modeling of agricultural co-ops show that they can play an 

important role in serving smallholder farmers who would otherwise be excluded from the 

market. The existence of a co-op forces IOFs to pay higher prices than they otherwise would.  

One of the findings of the thesis is that social norms are important in determining the future of 

smallholder agriculture in Africa. Altering social norms could result in a more efficient 

allocation of resources and improved adoption of technologies. However, given that social norms 

are difficult to change, it is important to develop interventions that align with existing norms . 

One way of achieving this is to involve farmers when developing interventions to ensure that 

local norms and values are incorporated. For instance, to improve men’s participation, it is likely 

important to develop and promote technologies that rely on mechanized farm implements given 

that such technologies are attractive to men. 
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Chapter 1  

General introduction 

1.1 Background  

Agriculture plays a pivotal role in the economies of most African countries (IFAD, 2013; Lee & 

Gambiza, 2022; Mukasa & Salami, 2015). More than 50% of the people in Africa directly rely 

on agriculture, with smallholder farmers contributing approximately 70% of total agricultural 

production (Barrett, Reardon, Swinnen, & Zilberman, 2022; FAO, 2021; IFAD, 2013; NEPAD, 

2013). Most of the smallholder farmers practice subsistence farming on small areas of land and 

rely on family labour (FAO, 2021). 

Despite the important role played by smallholder farmers, their productive capacity is limited by 

several factors, including declining soil fertility, use of poor farming techniques, limited use of 

fertilizers, low technology adoption, and gender disparities (Gebre, Isoda, Rahut, Amekawa, & 

Nomura, 2019; IFAD, 2013; Lee & Gambiza, 2022; Mazvimavi & Twomlow, 2009; NEPAD, 

2013). There has been growing concerns over gender disparities because women do not have 

equal access to productive assets yet they significantly contribute in smallholder agriculture. For 

instance, there is evidence that women usually work more than men, accounting for more than 

50% of the labour force (Gebre et al., 2019). Climate variability is expected to exacerbate the 

challenges faced by smallholder farmers (IFAD, 2013). The possibility that rainfall will decrease 

by 10-20% in Africa in the next 50 years poses a huge challenge to a continent that is 

characterized by rain-fed agriculture (Lee & Gambiza, 2022).  

The concerns about low productivity among smallholder farmers are further amplified by the 

projections that the population in Sub-Saharan Africa will double by the year 2050. A failure to 

match productivity growth and population growth could result in severe food insecurity across 

the continent (Lee & Gambiza, 2022). It would also have negative spillover effects on a range of 

factors such as nutrition, health, and income (IFAD, 2013; Kilic, Palacios-López, & Goldstein, 

2015; Mukasa & Salami, 2015). 
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Improving agricultural performance can be expected to contribute directly towards the 

attainment of some of the United Nations sustainable development goals (SDGs), specifically the 

goals of reducing poverty (SDG 1), reducing hunger (SDG 2), and improving health and well -

being (SDG 3) (Lee & Gambiza, 2022). For instance, improving productivity can help 

smallholder farmers transition from subsistence farming to being net sellers (Barrett et al., 2022). 

Being able to produce more than they consume not only improves food security but helps in 

making smallholder agriculture a sustainable enterprise where farmers carry out their activities 

without overreliance on government and developmental agencies (Verhofstadt & Maertens, 

2015).  

Owing to the potential that smallholder farmers have and the important role they play in 

providing food, there have been calls to increase the support channeled towards them. Some of 

the recommendations include supporting smallholder farmers through capacity building, 

improving access to modern day technologies, improving access to credit facilities, linking 

farmers to markets, improving infrastructure such as roads, and closing the gender productivity 

gap (Barrett et al., 2022; Fischer & Qaim, 2012; Huyer, 2016; Kilic et al., 2015; Verhofstadt & 

Maertens, 2015). The impacts of the proposed interventions are not straightforward given that 

smallholder farmers operate in a complex environment in which outcomes of initiatives may not 

be straightforward. Understanding the complex environment in which smallholder farmers 

operate is thus key to developing effective interventions.  

This study contributes to improving our understanding of the complex smallholder farming 

system by focusing on selected key elements, specifically labour allocation and productivity, 

technology adoption, and the role of collective action (e.g., co-operatives (co-ops)). These 

elements reflect the decisions that farmers make on how much labor to use, which technology to 

adopt, and how to market their products. Efficient allocation of labour is important as it affects 

productivity (Arora & Rada, 2020). In turn, productivity affects smallholder farmers’ ability to 

adopt technologies and their ability to participate in the market.  

Given that smallholder farmers rely on family labour, the issue of labour allocation is strongly 

linked to family dynamics. Both men and women participate in agricultural activities, albeit in 

different ways (Arora & Rada, 2020). Researchers report that women’s productivity is 30% less 
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than the productivity of men and attribute this to differences in the access to resources (Gebre et 

al., 2019; Kilic et al., 2015). In recognition of the important role played by women in agriculture, 

researchers recommend that more resources be channelled towards women to close the 

productivity gap (Gebre et al., 2019). However, the mere provision of inputs without addressing 

the source of gender disparities could limit the effectiveness of the interventions. Kilic et al. 

(2015) highlights that the provision of inputs to women in Malawi helped but did not completely 

close the gender productivity gap, suggesting there are other factors at work. Bhaumik, Dimova, 

and Gang (2016) highlight that provision of productive assets, such as land , will have limited 

impact if other institutional factors (both formal and informal) that constrain women are not 

addressed.  

One notable feature about the smallholder farming system in Africa is that social norms play a 

crucial role as they determine what is acceptable within communities and dictate how resources 

and roles are allocated (Arora & Rada, 2020). For example, women in Africa are responsible for 

most of the household chores, such as caring for children and fetching water and firewood (Arora 

& Rada, 2020; Sell, Bäckman, TettehAnang, Niemi, & Yildiz, 2018). In addition to these 

traditional chores, women are also expected to actively participate in agricultural activities. 

Consequently, women carry a disproportionate workload. Furthermore, some roles are viewed as 

women’s roles, while others are viewed as men’s roles (Arora & Rada, 2020; Orr, Tsusaka, Kee-

Tui, & Msere, 2016). Through their effect on household agricultural labour allocation, norms can 

affect the productivity of smallholder farmers. 

Technology adoption also plays an important role in determining agricultural productivity (De 

Janvry & Sadoulet, 2016; Feder, Just, & Zilberman, 1985; Glover, Sumberg, & Andersson, 

2016). Conservation Agriculture (CA) is one of the technologies that smallholder farmers are 

being urged to adopt to address soil degradation, achieve the efficient use of resources, improve 

the productivity of poorly resourced farmers, and mitigate against climate change (Kassam, 

Friedrich, & Derpsch, 2019; Lee & Gambiza, 2022; Mazvimavi & Twomlow, 2009). For this 

study, CA refers to a farming technique that is based on three principles, namely, minimum 

disturbance, soil cover, and crop rotation or diversification (Giller, Witter, Corbeels, & Tittonell, 

2009) 
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Despite the benefits associated with CA, the uptake of the technique is low in Africa. Kassam et 

al. (2019) reports that approximately 1.1% of agricultural land is under CA. Such low rates of 

adoption have triggered interest in understanding the factors hindering CA adoption (Lee & 

Gambiza, 2022). Most studies of CA adoption report mixed findings on the role of factors such 

as gender, education, farm size, access to information, labor requirements, and access to inputs, 

suggesting there are other factors being missed in the analysis (Baiyegunhi, Hassan, Danso-

Abbeam, & Ortmann, 2019; Knowler & Bradshaw, 2007; Kunzekweguta, Rich, & Lyne, 2017; 

Mazvimavi & Twomlow, 2009; Ngwira, Johnsen, Aune, Mekuria, & Thierfelder, 2014; Pedzisa, 

Rugube, Winter-Nelson, Baylis, & Mazvimavi, 2015; Shiferaw & Holden, 1998).  

Some researchers question the appropriateness of CA and the extent to which it could improve 

smallholder farmers’ productive capacities within the African context (Giller et al., 2015). One 

aspect of this context is social norms. Social norms determine what practices are acceptable 

within a community (Ostrom, 1986). If a new technology does not align with what is socially 

acceptable, its uptake is likely to be limited. This study contributes to the ongoing analysis of CA 

adoption by examining factors that influence adoption, paying attention to the role of social 

norms. 

In addition to labour allocation and technology adoption, the well-being of smallholder farmers 

depends on farmers’ ability to access agricultural markets and supply chains. Over the last 20-30 

years, the agri-food supply chain has changed significantly as the production and handling of 

generic products sold through spot markets has given way to a system where farmers produce 

specific products that are sold under contract to large processors (Barrett et al., 2022; Handayati, 

Simatupang, & Perdana, 2015).  

These developments create new challenges, requiring farmers to invest in specific technologies 

and follow stringent conditions (Handayati et al., 2015). These developments further limit 

smallholder farmers’ ability to participate in the market (Barrett et al., 2022). As a result, there 

has been renewed interest in the role of collective action organizations such as co-operatives (co-

ops) in providing market access to farmers (Verhofstadt & Maertens, 2015). While there is 

evidence that co-ops could help farmers overcome the challenges they face when participating in 

the market (Bizikova et al., 2020; Carletti, Hanisch, Rommel, & Fulton, 2018; Minah, 2021; 



5 

 

Vandeplas, Minten, & Swinnen, 2013; Verhofstadt & Maertens, 2015), the precise role played by 

such organizations in the new agri-food supply chain is not well understood. 

1.2 Objectives of the study  

The goal of this thesis is to examine, using the three-paper format, the role of the three features 

outlined above in determining the productivity and well-being of smallholder farm households in 

Africa.  

The specific goals of this study are as follows: 

1. Assess the influence of social norms on farm labour allocation and productivity.  

2. Examine the factors influencing CA adoption, paying attention to the role of social 

norms. 

3. Examine the impact of agricultural co-operatives on smallholder farmers.  

To achieve the first objective, the study develops a theoretical model that shows the role of social 

norms in influencing labour allocation and productivity. The study then empirically examines 

how social norms influence labour allocation and productivity through the estimation of a time 

allocation model and a production function model in which male and female labour are 

differentiated. The study uses household plot level data collected from Zimbabwe by the 

International Crops Research Institute for the Semi-Arid Tropic (ICRISAT). The data collected 

contains information on hours worked by smallholder farmers on specific plots. The data also 

have smallholder farmers’ production information and household characteristics.  

To achieve the second objective, the study estimates a probit model to examine how social norms 

affect CA adoption. For this analysis, the study uses cross sectional data collected in 2015 from a 

representative sample of smallholders from Masvingo district of Zimbabwe. The data contains 

variables such as social advice and peer effects, perceptions of tenure securi ty, and gender of 

decision maker that are used as proxies for social norms. Household and farm characteristics are 

included as independent variables to control for the heterogeneity that exists among smallholder 

farmers. 
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To attain the third objective, the study develops a theoretical model showing how a co-op affects 

smallholder farmers in a modern agri-food supply chain. Key features of the model are the 

modeling of the farmer’s decision to adopt or not adopt a productivity increasing techno logy and 

the modeling of the decisions by the processors (a co-op and an investor-owned firm) as to how 

they will enter the market (e.g., as a large or small processor) and how they will behave (e.g., the 

prices they set) once they enter. 

1.3 Summary of findings 

The next three chapters each contain a different paper. Chapter 2 addresses objective 1, chapter 3 

addresses objective 2, and chapter 4 addresses objective 3.  

The results from the first paper, which examines the role of social norms in influencing labo ur 

allocation and productivity, are presented in two parts, one theoretical and one empirical. The 

theorical model shows that if social norms grant men more influence than women, then men 

would work less that women. The results from the empirical analysis show that, as predicted 

theoretically, women work more than men. The analysis also shows, contrary to other studies, 

that women are more productive than men (i.e., they have a higher marginal product). These 

results suggest that a reallocation of labour within a household could improve the productivity of 

smallholder farmers. However, this reallocation is unlikely to occur if the social norms that 

dictate the distribution of roles are not altered.  

The results from the CA adoption paper show that farmers treat CA as a divisible technique and 

differentially adopt the three CA components (minimum disturbance, crop rotation or 

diversification, and mulching (soil cover). The results also show that the impact of social norms 

on adoption of the CA components differ. Social norms (as measured by access to social advice 

and peer effects) have a negative impact on the adoption of mulching but are not important in 

influencing the adoption of crop rotation. This suggest that mulching does not align with local 

norms.  

The results from the third paper show that co-ops can play an important role in serving small 

farmers that would otherwise be excluded from the market. The presence of the co-op forces the 

investor-owned firms (IOFs) to pay a higher price than they otherwise would; indeed, it is 
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expected that the IOF typically sets a higher price than the co-op. Thus, the co-op can provide a 

benefit to farmers even though it looks like the co-op is not competitive with its IOF competitor. 

This suggests the co-op could be instrumental in helping some farmers cope with the changes in 

the modern day agri-food chains. At the same time, the results show that the co-op’s role will be 

limited to being a market of last resort. 

1.4 Organization of the thesis 

The following chapter presents the first paper entitled: The effects of social norms and gender on 

labour allocation and productivity of smallholder farmers. The third chapter presents the second 

paper entitled: Factors influencing adoption and continued use of conservation agriculture in 

Zimbabwe? This is followed by Chapter 4, which presents the third paper entitled: The impact of 

agricultural co-operatives in modern agri-food chains: A theoretical approach. The final chapter 

presents conclusions and the recommendations.  
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Chapter 2  

The effects of social norms, and gender on labour allocation and productivity of 

smallholder farmers. 

Abstract   

The majority of smallholder farmers in Sub-Saharan Africa practice subsistence farming and 

grow nearly 70% of the food consumed on the continent. Women dominate Africa’s agricultural 

production, working more than men and accounting for more than 50% of the agricultural labour 

force. The findings in the literature that women work more and are less productive than men 

suggests that social factors play a role in farm labour allocation in Africa. Due to a lack of 

studies that compare male versus female labour using a social lens, the impact of gendered 

labour allocation on smallholder farmers is still misunderstood. The goal of this paper is to better 

understand labour allocation on subsistence farms by examining the role of cultural norms on 

labour allocation and productivity. The study develops a household resource allocation model 

that contains the salient features prevalent among smallholder farmers in Africa, including the 

role played by social norms. The study then uses cross-sectional data collected from Zimbabwe 

to assess factors influencing labour allocation and productivity. The results show that women 

work more than men, particularly in doing manual tasks. Women in female-headed households 

spend more time doing farm work compared to women in male-headed households, thus 

providing evidence that social norms influence labour allocation. One potential reason for the 

observed outcomes is that female household heads may be unable to influence male members to 

contribute effectively to the farm; thus, the women must work harder to compensate for the gap 

created by men who are shirking. The results from the estimated production function show that 

women are more productive than men. However, there is a possibility the estimated parameters 

are biased because of missing variables. 

Key words:  Labour allocation, Productivity, Social norms, Gender, Smallholder farmers.   
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2.1 Introduction 

Smallholder farmers play an important role in providing food in developing countries. In Africa, 

approximately 70 percent of the food consumed is produced by smallholder farmers (FAO, 2021; 

IFAD, 2013; NEPAD, 2013). Despite their importance, the productivity of smallholder African 

farmers is low compared to other regions (Bjornlund, Bjornlund, & Van Rooyen, 2020). Limited 

productivity can be attributed to numerous factors, including poor soil fertility, limited use of 

fertilizers, lack of technology adoption, gender disparities, and labour shortages (Mazvimavi & 

Twomlow, 2009; Mupangwa, Mutenje, Thierfelder, & Nyagumbo, 2017). Improving smallholder 

farmers’ agricultural productivity is needed to solve food insecurity among vulnerable 

households in rural Africa (Pamuk, Bulte, & Adekunle, 2014).  

Women play an important role in Africa’s agricultural production, working more than men and 

accounting for more than 50% of the agricultural labour force (Gebre, Isoda, Rahut, Amekawa, 

& Nomura, 2019). Since there is evidence that women’s productivity is approximately 30% 

lower than their male counterparts, it is argued that closing the productivity gap between males 

and females could lead to increased food production among smallholder farmers in Africa 

(Agarwal & Mahesh, 2023; Gebre et al., 2019; Horrell & Krishnan, 2008; Kilic, Palacios-López, 

& Goldstein, 2015; Mukasa & Salami, 2015; Sell, Bäckman, TettehAnang, Niemi, & Yildiz, 

2018). For example, Mukasa and Salami (2015) estimate that closing the productivity gap could 

increase yields by 2.8%, 8.1% and 10.3% for Nigeria, Tanzania and Uganda, respectively.  

The findings that women work more and are less productive than men suggest that social factors 

play a role in farm labour allocation in Africa (Doss, 2013; Sell et al., 2018). If the goal were to 

maximize agricultural output, then the marginal productivity of men and women should be 

equalized to achieve efficient resource allocation. Specifically, if women are less productive than 

men, then men should work more than women, since doing so would equalize their marginal 

products1. Since what is observed is different from this prediction, there is a prima facie case that 

 
1 Households could allocate productive resources efficiently if the outside market exists and are competitive -i.e., 
people with different marginal products would earn different wages or profits. In the absence of efficient outside 
market, the traditional gender casting rules usually fail to match the demand and supply of skills or equate reward 

for work to marginal product (Fafchamps, 2001).   
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households are not maximizing output and/or that social factors play a role in determining 

women’s role in agricultural production.  

Men and women in Africa make decisions in a complex environment. Smallholder farmers are 

governed by a set of informal rules (social norms) that determine what behavior is acceptable 

and how men and women’s roles are distributed within communities and within households 

(Darity, 1995). For example, women are expected to do both household chores and farm labour, 

yet it is a taboo for men to be seen doing some household chores, such as, doing laundry, 

cooking for the family, or cleaning, especially in the presence of women or children. 

Furthermore, men usually have some authority over women and in most cases can influence how 

they allocate their time (Arora & Rada, 2020; Darity, 1995; Warner & Campbell, 2000). These 

social constructs make it socially costly for men to participate in field work (or household 

chores); at the same time, these constructs lower the opportunity cost of  women’s time compared 

to men. As a result of this lower opportunity cost, it can be expected that women will work more 

than men.  

Analysis that does not pay attention to these factors can lead to incorrect conclusions. For 

instance, the recommendation that providing inputs to women would solve the productivity 

challenges and possibly close the gender gap might not have the desired result. Even if increased 

inputs are able to equalize men’s and women’s production potential, the fact that women are 

expected to work more than men will drive a wedge between the marginal products due to 

diminished marginal returns. For instance, women would continue to dedicate more hours to 

farm work beyond efficient levels (Udry, 1996). Kilic et al. (2015) notes that provision of inputs 

to smallholder farmers in Malawi under the Input Support Program (ISP) helped but did not 

completely solve the gender gap problem. This suggests that there might be other more binding 

factors and mere provision of inputs might not address the gender productivity gap. Bhaumik, 

Dimova, and Gang (2016) highlight that provision of productive assets, such as, land will have 

limited impact if other institutional factors (both formal and informal) that constrain women are 

not addressed. 

The literature on household decision-making suggests that there is a bargaining relationship 

between men and women (Manser & Brown, 1980; McElroy, 1990; Udry, 1996). For 
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smallholder farmers, the bargain could be influenced by both economic factors and social norms 

(Arora & Rada, 2020; Darity, 1995; Warner & Campbell, 2000). Building on the substantial 

literature that examines decision-making (or the role of women) and assuming a bargaining 

relationship between men and women (Manser & Brown, 1980; McElroy, 1990; Mohapatra & 

Simon, 2017; Udry, 1996), it is possible to incorporate social norms when examining 

smallholder farmer’s productivity.  

The goal of this paper is to examine the role of cultural norms on  labour allocation and 

productivity. To achieve this goal, two specific objectives are pursued. The first objective is to 

develop a household resource allocation model that contains the salient features prevalent among 

smallholder farmers in Africa, including the role played by social norms. The second objective is 

to examine the time allocation and productivity between men and women. This examination 

involves: (1) testing the hypothesis that women spend more hours doing agricultural work than 

men; (2) investigating the factors that influence labour allocation; and (3) estimating production 

functions to understand male and female labour productivity. The study uses plot level data 

collected in Zimbabwe among smallholder farmers by ICRISAT in 2009 and 2010. The data 

provides unique information on time worked on the farm by males and females and the specific 

tasks that were carried out, making it possible to examine how labour is allocated within 

households. 

Similar to other studies, the results show that, in smallholder agriculture, women work more than 

men, particularly in doing manual tasks. Women in female-headed households spend more time 

doing farm work compared to women in male-headed households. This could imply that female 

household heads are not able to influence male members to effectively contribute to the farm; 

thus, the women have to work harder to compensate for the gap created by shirking men. This 

result could also arise if male members are freed up to do other activities, such as, working off -

farm or schooling. Nevertheless, this also suggest that there is gender bias in terms of male vs 

female members.  

The results from the estimated production function show that women are more productive than 

men. These results differ from the general claim that men are more productive than women (Sell 

et al., 2018). However, given that there are missing variables, such as rainfall data, there is a 
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possibility that the estimated parameters are biased. This study contributes to closing literature 

gap by proving insights on how social norms influence labour allocation among smallholder 

farmers. 

The following section reviews the relevant literature and provides the premise for developing an 

alternative approach that can be used to examine smallholder farmers’ time a llocation and 

productivity. The analysis then presents the theoretical framework which shows the possible 

impacts of social norms. After outlining the theoretical framework, the results from the empirical 

estimation are presented. The article concludes by discussing the findings and the implications of 

the proposed approach. 

2.2 Literature review 

2.2.1 Labour allocation among men and women  

Smallholder farmers rely heavily on family labour and hired labour is seldomly used (Wekesah, 

Mutua, & Izugbara, 2019). The low reliance on hired labor and the absence of a corresponding 

labour market implies that other mechanisms are used to determine labour allocation 

(Fafchamps, 2001). One such mechanism could be social norms. Fafchamps (2001) highlights 

that when the markets are missing, cultural norms are used to allocate resources. Merfeld (2022) 

shows that wages alone do not explain the difference in time allocation between men and women 

but highlight that social norms matter as they constrain women and men differently. An 

important aspect of the norms in the smallholder system is the distribution of roles, with some 

tasks understood to be women’s tasks and some deemed to be men’s tasks (Arora & Rada, 2020; 

Darity, 1995).  

The differential roles for men and women in agriculture means that farm labour is disaggregated 

by gender. Women are usually allocated manual tasks, while men carry out mechanical tasks or 

assume supervisory roles (Arora & Rada, 2020; Darity, 1995; Warner & Campbell, 2000). For 

example, when ploughing using an ox drawn plough, men usually control the plough while 

women follow up with seeds. If ploughing and planting are done separately, men would till the 

field using an ox drawn plough; afterwards, women would plant manually, using a hand hoe. 

Women and children typically have responsibility for weeding (Darity, 1995), unless if it 
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involves use of an ox drawn cultivator. Since men and women dedicate different amounts of time 

to field work (Agarwal & Mahesh, 2023; Arora & Rada, 2020), there is a need to disaggregate 

farm labour by gender to understand the implications associated with gendered labour allocation.  

2.2.2 Constraints imposed by social norms 

The division of labour in smallholder farms appears to be determined by a complex set of 

biological and social factors. Alesina, Giuliano, and Nunn (2013) argue that the introduction of 

the plough in the pre-industrial era resulted in a gendered distribution of roles in agriculture. In 

part, men took the role of controlling the plough and animals owing to its physical na ture. The 

authors highlight that controlling a plough requires grip strength and therefore men had an 

advantage due to biological differences that exist between men and women. The authors 

highlight that once the plough was adopted, it became the norm that men are responsible for 

controlling the plough. This suggests that the allocation of roles moved from being based on 

what was perceived as the best economic outcome to being influenced by social norms.  

The argument for social norms is strengthened by the observation that men are idle (Arora & 

Rada, 2020) or stick to controlling the plough even when it is not economically beneficial to do 

so. If roles were economically determined, then in instances where a plough is not used or when 

ploughing is finished, men would reallocate their time and help in other activities, such as 

weeding, since men should be equally able to weed as women. Yet, they do not do so (Arora & 

Rada, 2020). The question remains, why do men remain idle rather that shift to other activities  

such as weeding? The lack of reallocation suggests social norms play a role in determining the 

activities undertaken by men and women. As highlighted by Darity (1995), the division of labour 

is influenced by social norms which prescribe how roles are distributed regardless of capabilities. 

In Zimbabwe and other African countries, there is a common saying that “weeding and other 

manual activities are not good for men’s backs;” although this is usually said jokingly, it 

nevertheless provides a rationale for task differentiation.  

In other instances, the distribution of roles stems from rural-urban migration, particularly in areas 

with more plentiful economic activities. Men migrate to urban areas to seek off -farm work, 

leaving their spouses to take care of the family and to manage agricultural activities (Horrell & 
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Krishnan, 2008). Similar observations are noted by Merfeld (2022) in a study conducted in India. 

The author highlights that social norms allow men to migrate and take non-farm work while 

women are expected to do household activities, including working in the field. Typically, when 

men are employed off-farm, they provide money for buying inputs while women and other 

family members carry out farm activities (Horrell & Krishnan, 2008; Orr, Tsusaka, Kee-Tui, & 

Msere, 2016). In such a case, working on the farm becomes the responsibility of women and 

children. In the absence of the male head, grown-up male children would take charge of 

mechanical activities such as controlling ox drawn ploughs. When the soc ial norms are strong, 

availability of males does not translate into more hours. For example, when men visit, lose 

employment, or retire and join their families, they usually do not actively participate in the field. 

As highlighted by Arora and Rada (2020), men redistribute their activities while making 

minimum changes to their leisure. 

In addition, men are typically respected for being able to influence their families to work hard, 

while women gain respect by being hard workers. Thus, men get credit for the  hard work done 

by the family, particularly women. Implicitly, men assume supervisory roles while women are 

expected to work hard. As a result, women are likely to work hard, with or without supervision 

(Friedman et al., 2023). Deviating from such norms could be costly (Akerlof & Kranton, 2000) 

— i.e., a man who does household activities that are viewed as a women’s task might be 

demeaned. Even if men are willing to offer a hand, the fear of not conforming to social norms 

would prevent them from doing chores and activities that are viewed as women’s tasks. 

Consequently, in their spare time, men might rather socialize with other men than assist with 

activities that are viewed as women’s work (Darity, 1995). This results in a scenario described 

by Theroux (2002, p. 2) who observed “children shrieking at play; and women bent double—

most with infants slung on their backs—hoeing the corn and beans; and the men sitting in the 

shade stupefying themselves on chibuku, the local beer, or kachasu, the local gin.”  

2.2.3 Household headship and labour allocation 

Male and female-headed households face different constraints in communities in which men 

have more power than women and social norms determine behaviour (Merfeld, 2022). As 

dictated by social norms, the male head would take on a supervisory role, influence their family 
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to work hard (Arora & Rada, 2020; Warner & Campbell, 2000), and teach male children to 

follow their steps, perpetuating the cultural norms. When the household head is female, it might 

be expected that by virtue of being head, women will get more control and have the power to 

make decisions and allocate labour in a way that will allow them to work less. But if social 

norms are important, this argument needs to be revisited. If the male head plays an important role 

in monitoring activities, then the absence of the male head implies that male children would 

begin to shirk more than they otherwise would. In addition, if social norms do not grant female 

heads sufficient power to control male members, then male children would possess more power 

than the female head, making it difficult for female head to alter the alloca tion of roles or to 

control male children. Therefore, male members may be likely to perform less work when under 

a female-headed household than they would under male-headed household.  

Another important consideration is to assess how gendered labour allocation affects productivity. 

The studies that have examined smallholder farmers’ productivity using the gender lens usually 

compares productivity between male and female-headed households but do not disaggregate 

male and female labour (Doss, 2013; Gebre et al., 2019; Kilic et al., 2015; Sell et al., 2018). 

Comparing male and female-headed households provides important insights on the differences 

that exist in overall household output but misses some salient features that shape agricultural 

outcomes within smallholder farmers’ settings. For example, the male vs female-headed 

household comparison fails to capture the actual work done by male and female members. This 

is worrying because the distribution of roles within a household has an impact on productivity. 

For instance, if women work more and have less leisure time (time to rest), they might be less 

productive than men. On the contrary, by working more than men, women can gain more 

experience and end up being more efficient than men; as a result, the time spent in the field by 

women would be more effective than an equal time worked by men (Friedman et al., 2023). Due 

to the lack of studies that compare male versus female labour, the impact of gendered labour 

allocation on smallholder farmers is still not fully understood.  

It is, of course, difficult to measure cultural norms. In addition, micro level data that separates 

time spent by each household member is rarely available. Even if the disaggregated data are 

available, the comparisons are difficult because most of the field activities are jointly managed. 

A study by (Udry, 1996), which analyzed separately managed plots, shows that male-managed 
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plots were more productive than female-managed plots because household labour was 

intensively used on plots controlled by men. Udry (1996) further points out that men allocated 

less labour to plots managed by women. This suggests that there are behavioral aspects 

influencing labour allocation which can be easily overshadowed when comparisons are made at 

the household level without disaggregating by gender.  

This study contributes to closing this literature gap by investigating the factors that influence 

time allocation and assessing how male and female labour affects output. The study measures the 

time worked by each individual on specific farming tasks and sheds light on how male and 

female labour affects productivity. Examining the factors that influence intrahousehold labour 

allocation using a social norms lens improves the understanding of the decisions made by 

smallholder farmers. The next section examines a theoretical model in which the social norms 

play a key role in labour decisions. The theoretical model is then subsequently used as the basis 

for empirical analysis. 

2.3 Theoretical model  

The specific features of the model used in this study are based on observed characteristics and 

social norms prevalent in rural Zimbabwe. Like many farm households elsewhere in Africa, most 

smallholder farmers practice subsistence farming and rarely participate in the market. The 

farmers rely heavily on household labour, including children. Households cultivate small land 

holdings (approximately two hectares in size) (FAO, 2021). The fields are partitioned into 

different plots, with different plots producing different crops. The most common crops produced 

in the study area are maize, groundnuts, cowpeas, beans, and roundnuts. There are a few 

households who produce cash crops such as cotton and tobacco. This study focuses on maize as 

it is the staple crop, produced by most households, and allocated a larger portion of the arable 

land (Mupangwa et al., 2017). 

A household can either be male-headed or female- headed. Farms belonging to male-headed 

households are usually jointly managed by husband and wife, although the decision -making 

power might not be evenly distributed. Female-head can be someone who never married, a 

divorcee or widow. Regardless of the type of headship, both male and female members of the 
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household participate in farm work. It is common in rural Africa for men to leave their families 

and seek off-farm work in urban areas. However, for this study, this was rarely the case; men 

were present, staying in the villages with their families and participating in agricultural activities. 

This situation was the result partly of the economic crisis and the high unemployment rates that 

were prevalent during the data collection period (Josephson & Shively, 2021). 

As will be shown when the data is examined, women on average allocate more time to manual 

farm tasks such as digging planting basins and weeding. Men are usually responsible for 

mechanized activities such as the use of ox-drawn ploughs and typically assume a supervisory 

role. Outside of farming, women are usually solely responsible for household chores such as 

fetching water and firewood, and for preparing meals (Arora & Rada, 2020). As a result of this 

allocation of roles, women usually have less leisure time than men. The model presented in the 

next section does not explicitly show household chores, but their impact is implied in the 

variable measuring leisure. An extended version of the model that explicitly shows the role of 

household chores is presented in the appendix 2A.2 The extension does not affect the results 

presented in this study.  

The household resources allocation model presented below shows how social norms affect the 

decisions made by men and women and how these decisions affect labour allocation and 

productivity. Specifically, it is assumed that social norms determine the level of influence and 

the marginal utility of leisure for men and women.  

Consider a household with two members, a male and a female. The utility functions for the male 

and female members are as follows: 

𝑈𝑚 = 𝑠𝑦 + 𝛽𝑚( 𝑇 −  ℎ𝑚)          (2.1) 

𝑈𝑓 = (1 − 𝑠)𝑦 +  𝛽𝑓( 𝑇 −  ℎ𝑓)        (2.2) 

 
2 The model can be expanded to capture off-farm work, particularly in scenarios where men frequently migrate to 
urban areas (or other places) to seek off-farm work. For this study, farming was the primary activity for the farmers 

that were observed, and off-farm work was trivial.  
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where 𝑈𝑚 and 𝑈𝑓  represent the male’s and female’s utility, respectively, 𝑦 is agricultural output, 

𝑠 is the male’s share of agricultural output (1 − 𝑠 is the female’s share), 𝑇 is the total time 

available to a person, ℎ𝑚 and , ℎ𝑓 represent the agricultural activity (e.g., hours of work) of male 

and female, respectively, and 𝛽𝑚 and 𝛽𝑓    represent the marginal utility of leisure for male and 

female, respectively.. It is assumed that 𝑦 = 𝑦( ℎ𝑚,ℎ𝑓 ; 𝜑), where 𝜑 represent other farm 

characteristics, for example soil type. 

Following Udry (1996), it is assumed that the household solves the following problem: 

𝑀𝑎𝑥(ℎ𝑚,ℎ𝑓)𝐿 = 𝜆𝑈𝑚 +  𝑈𝑓           (2.3) 

The parameter 𝜆 in equation (2.3) allows for a different weight to be given to the utility of males 

versus the utility of females (Udry, 1996).  A larger 𝜆 indicates that males are given greater value 

in the household. The greater value given to men can be thought of as reflecting the level of 

influence that men have on household decisions. Therefore, the parameter 𝜆 can be used as a 

proxy for men’s influence. If males have greater influence, as is usually assumed (Darity, 1995), 

then 𝜆 > 1. The first order conditions to this problem are:  

𝑑𝐿

𝑑ℎ𝑚
= 𝜆𝑠

𝑑𝑦

𝑑ℎ𝑚
−  𝜆𝛽𝑚 + (1 − 𝑠)

𝑑𝑦

𝑑ℎ𝑚
=  0       (2.4) 

𝑑𝐿

𝑑ℎ𝑓
= 𝜆𝑠

𝑑𝑦

𝑑ℎ𝑓
+ (1 − 𝑠)

𝑑𝑦

𝑑ℎ𝑓
− 𝛽𝑓 = 0        (2.5) 

Solving equations (1.4) and (1.5) gives: 

𝑦𝑚 =  
𝜆𝛽𝑚

1+𝑠(𝜆−1)
           (2.6) 

𝑦𝑓 =  
𝛽𝑓

1+𝑠(𝜆−1)
           (2.7) 

where 𝑦𝑚 =
𝑑𝑦

𝑑ℎ𝑚
 is the marginal product of male labour and 𝑦𝑓 =  

𝑑𝑦

𝑑ℎ𝑓
 is the marginal product of 

female labour. The expressions 𝑦𝑚 and 𝑦𝑓 can be interpreted as the marginal benefit (measured 

in terms of output) of an additional unit of labour for males and females, respectively, while the 
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expressions on the right-hand side of equations (2.6) and (2.7) can be interpreted as the marginal 

cost of an additional unit of labour for males and females, respectively.  

Equations (2.6) and (2.7) provide several important insights to labour allocation in the farm 

household. First, if the marginal utility of leisure for males and females is the same (i.e., 𝛽𝑚 =

 𝛽𝑓), and if males and female have equal influence  (𝜆 = 1), then the marginal products of male 

and female labour should be equal – i.e., 𝑦𝑚 =  𝑦𝑓. Note that the production function (𝑦 =

𝑦( ℎ𝑚, ℎ𝑓 ;𝜑)) is non-linear and the concept of diminishing marginal productivity holds (
𝑑′𝑦

𝑑ℎ𝑘
> 0; 

𝑑′′𝑦

𝑑ℎ𝑘
2 < 0), thereby putting constraints on the amount of labour ( ℎ𝑚 and ℎ𝑓) that can be used.3 

This prevents a corner solution (See appendix 2B, for a non-linear utility function). 

Second, if social norms mean that men have more influence than women-i.e., 𝜆 > 1 (see Darity 

(1995), then the marginal product for males will be greater than the marginal product for 

females. A similar outcome occurs in the case where social norms are such that men have a 

higher marginal utility of leisure — i.e., 𝛽𝑚 > 𝛽𝑓. In this case, the costs of male and female 

labour differ, which in turn means the marginal products differ. As will be seen in the 

comparative static section, the effect of social norms on the choice variables depends critically 

on the nature of the relationship between male and female labour — i.e., whether are they 

complementary inputs or not. 

Since households differ according to the exogenous parameters 𝛽𝑚, 𝛽𝑓, 𝜆, 𝑠, and 𝜑, it is 

important to understand the comparative statics of the model to interpret the subsequ ent 

empirical results.  

2.4 Comparative statics 

The comparative statics presented in Table 2.1 indicate the impact of the changes in exogenous 

parameters4 𝛽𝑚, 𝛽𝑓, 𝜆, 𝑠, and 𝜑 on the endogenous variables ℎ𝑚, ℎ𝑓, and 𝑦. An important factor 

 
3 Similar results are obtained when a no-linear utility function is used. 𝜆 and marginal utility of leisure (𝛽𝑚 and 𝛽𝑚) 
play the same role, however, the marginal utilities change with given amount of leisure (see Appendix 2B).  
4 Although these parameters are assumed to be exogenous in this model, it is possible to have a model where one or 

more of these parameters are endogenized, however, the development of such a model is left for future research. 
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to consider when doing the comparative statics is the nature of the interaction between male and 

female labour. Table 2.1 shows three scenarios: male and female labour are complements 

(𝑦𝑚𝑓  = 𝑦𝑓𝑚 > 0), anti-complements (𝑦𝑚𝑓 = 𝑦𝑓𝑚 < 0), or are neither (𝑦𝑚𝑓 =  𝑦𝑓𝑚 = 0).5 As 

shown in Table 2.1, the effect of the exogenous variables depends on the complementarity of 

male and female labour. For example, an increase in the marginal utility of leisure for men, 𝛽𝑚, 

leads to a reduction in hours worked by both males and females when male and female labour 

are complements (𝑦𝑚𝑓  = 𝑦𝑓𝑚 > 0). However, an increase in 𝛽𝑚 leads to a increase in hours 

worked by females when male and female labour are anti-complements (𝑦𝑚𝑓 = 𝑦𝑓𝑚 < 0). The 

following sub-section will explain the expected signs shown in Table 2.1.  

Table 2:1:The impact of exogenous variables on labour allocation and output 

Complementarity 

of male and 

female labour 

Labour 

allocation 

and output 

Exogenous variables 

    𝑦𝑚𝜑 ,𝑦𝑓𝜑

> 0 

𝑦𝑚𝜑 , 𝑦𝑓𝜑

< 0 

𝑦𝑚𝜑 > 0 

𝑦𝑓𝜑 < 0 

𝑦𝑚𝜑 < 0 

𝑦𝑓𝜑 > 0 

  𝛽𝑚  𝛽𝑓 𝜆 𝑠 𝜑 𝜑 𝜑 𝜑 

Complements 

𝑦𝑚𝑓 = 𝑦𝑓𝑚 > 0  

ℎ𝑚 - - ? + + - ? ? 

ℎ𝑓 - - ? + + - ? ? 

𝑦 - - ? + + ? ? ? 

Anti-complements 

𝑦𝑚𝑓 = 𝑦𝑓𝑚 < 0  

ℎ𝑚 - + - ? ? ? + - 

ℎ𝑓 + - + ? ? ? - + 

𝑦 ? ? ? ? ? ? ? ? 

Neither 

𝑦𝑚𝑓 = 𝑦𝑓𝑚 = 0  

ℎ𝑚 - 0 - + + - + - 

ℎ𝑓 0 - + + + - - + 

𝑦 - - ? + + + ? ? 

Sources: Author’s calculations. Expressions used to determine the signs are presented in the appendix 2C. 

2.4.1 The impact of changes in selected exogenous variables  

First, consider the case where male and female labour are complements - i.e., the cross derivate 

of 𝑦 with respect to hours worked is positive (𝑦𝑚𝑓 =  𝑦𝑓𝑚 > 0). In this case, it is possible to 

determine the signs of the changes in hours worked and total output given changes in the 

 
 5 When male and female labour are complements, an increase in male labour increases the marginal productivity of 
female labour (and vice-versa). When male and female labour are anti-complement, an increase in male labour 

reduces the marginal productivity of female labour (and vice-versa) (Afridi, Bishnu, & Mahajan, 2022).  
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exogenous parameters 𝛽𝑚, 𝛽𝑓, 𝑠, and 𝜑, but the effect of a change in 𝜆 is ambiguous (Table 2.1). 

When male and female labour are anti-complements, then the cross derivate is negative (𝑦𝑚𝑓 =

𝑦𝑓𝑚 < 0) and it is possible to determine the sign of the change in hours worked given changes in 

𝜆, 𝛽𝑚, and 𝛽𝑓. The effects of a change in 𝑠 and 𝜑 are ambiguous. The effect on household output 

is also ambiguous (Table 2.1). When male and female labour are neither complements nor anti-

complements (𝑦𝑚𝑓 = 𝑦𝑓𝑚 = 0), then it is possible to determine the sign of the changes in 𝛽𝑚, 

𝛽𝑓, 𝜆, 𝑠, and 𝜑. The remainder of this subsection examines a number of these results in more 

detail. 

i. The impact of a rise in the opportunity cost of leisure when 𝑦𝑚𝑓 = 𝑦𝑓𝑚 > 0 

Consider a scenario where the marginal utility of leisure for men increases from 𝛽𝑚 to 𝛽′𝑚 — 

this change might occur because it has become more costly socially for men to be seen doing 

farm work. This increase in the marginal utility of leisure causes an increase in the marginal cost 

of labour from 
𝜆𝛽𝑚

1+𝑠 (𝜆−1) 
 to 

𝜆𝛽′𝑚

1+𝑠 (𝜆−1) 
. Assuming a convex production function, men reduce the 

time they spend in the field from ℎ𝑚 to ℎ′𝑚, thereby increasing their marginal productivity 

(Figure 2.1).  

 

Figure 2:1: The impact of a rise in the opportunity cost of leisure when men and women are 

complements. 
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If male and female labour are complements (𝑦𝑚𝑓 = 𝑦𝑓𝑚 > 0), the reduction in hours spent by 

men in the field causes an inward shift in the 𝑦𝑓 curve and the hours worked by females falls 

from ℎ𝑓 to ℎ′𝑓  (Figure 2.1). The fall in hours worked by women has an additional feedback effect 

on men, causing the 𝑦𝑚 curve to shift inwards, thus further reducing the hours worked by men to 

ℎ′′𝑚. The fall in both ℎ𝑚 and ℎ𝑓 result in a fall in household output (𝑦). Thus, the hours spent in 

the field by both men and women, as well as total output, move in the same direction. The 

outcome is similar if there is an increase in 𝛽𝑓.  

ii. The impact of a rise in the opportunity cost of leisure when 𝑦𝑚𝑓 = 𝑦𝑓𝑚 < 0 

The results above change when male and female labour are anti-complements (𝑦𝑚𝑓 = 𝑦𝑓𝑚 < 0). 

As in the previous case, an increase in the marginal utility of leisure for men leads to a reduction 

in the time spent in the field from ℎ𝑚 to ℎ′𝑚 (Figure 2.2). Because 𝑦𝑚𝑓 = 𝑦𝑓𝑚 < 0, the 

reduction in hours worked by men causes an outward shift in the 𝑦𝑓 curve and the hours worked 

by females increase from ℎ𝑓 to ℎ′𝑓  (Figure 2.2). The increase in hours worked by women causes 

an inward shift in the 𝑦𝑚  curve and the hours worked by men decrease further to ℎ′′𝑚. 

Considering the fall in ℎ𝑚 and an increase in ℎ𝑓, the ultimate impact on household output (𝑦) is 

ambiguous. The outcome is similar if there is a change in 𝛽𝑓 .  

 

Figure 2:2: The impact of a rise in the opportunity cost of leisure when men and women labour 

are anti-complements.   
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iii. The impact of change in 𝜆 (level of influence) when 𝑦𝑚𝑓 = 𝑦𝑓𝑚 > 0 

A change in level of influence has a differential impact on men and women. A rise in 𝜆 leads to 

an increase in the marginal cost for men; thus they spend less hours in the field (ℎ𝑚 to ℎ′𝑚), 

which increases their marginal productivity (see Figure 2.3). 

 

Figure 2:3 :The impact of change in 𝜆 (level of influence) when men and women labour are 

complements. 

The rise in 𝜆 leads to a fall in the marginal cost for women; thus women spend more time in the 

field. Since 𝑦𝑚𝑓 = 𝑦𝑓𝑚 > 0, the decrease in hours worked by men causes an inward shift in the 

𝑦𝑓 curve and the hours worked by women falls from ℎ′𝑓  to ℎ′′𝑓. The change from ℎ𝑓 to ℎ′𝑓  is the 

direct impact of 𝜆, while the change from ℎ′𝑓  to ℎ′′𝑓  shows the indirect impact. The increase in 

hours worked by women has a feedback effect on male’s labour choice, resulting in an outward 

shift of the 𝑦𝑚 curve and this causes an increase in the hours worked by men. As reflected in 

Table 2.1, the net change in hours worked by both the men and women are ambiguous and 

depends on the size of 𝜆, 𝛽𝑚 and 𝛽𝑓. As shown in Figure 2.3, the magnitude of the shift in 𝑦𝑚 

and 𝑦𝑓 plays an important role. It is possible to have a positive net change in hours worked by 

men rather than the negative change that is shown in Figure 2.3. For example, a large shift in 𝑦𝑚 

might result in men working more hours. Owing to this ambiguity, the net impact on household 

output is also uncertain.    
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iv. The impact of change in 𝜆 (level of influence) when 𝑦𝑚𝑓 = 𝑦𝑓𝑚 < 0 

When male and female labour are anti-complements (𝑦𝑚𝑓 = 𝑦𝑓𝑚 < 0), the changes in the hours 

worked by men and women can be signed. A rise in 𝜆 leads to an increase in the marginal cost 

for men and they spend less hours in the field (ℎ𝑚 to ℎ′𝑚). The rise in 𝜆 leads to a fall in the 

marginal cost for women and they thus increase the hours they work. The reduction in hours 

worked by men causes an outward shift in the 𝑦𝑓 curve, thus further increasing the hours worked 

by women to ℎ′′𝑓. The change from ℎ𝑓 to ℎ′𝑓  is the direct impact of 𝜆, while the change from ℎ′𝑓  

to ℎ′′𝑓  shows the indirect impact. The increase in hours worked by women has a feedback effect 

on men’s labour allocation, shifting the 𝑦𝑚 curve inwards. This further reduces the hours that 

men work. The changes observed in Figure 2.4 imply that there is a negative correlation between 

male and female labour. It is possible for changes in men and women hours to cancel out and 

have no impact on net household agricultural activity, hence output might remain the same. 

Thus, there might be scenarios where changes in either male or female labour does not result in 

changes t output. As shown in Table 2.1, the effect of a change in 𝜆 on household output 𝑦 is 

ambiguous.  

 

Figure 2:4: The impact of change in λ (level of influence) when men and women labour are anti-

complements.    
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v. The impact of a change in 𝜑 when male and female labour are complements (𝑦𝑚𝑓 =

𝑦𝑓𝑚 > 0) and 𝑦𝑚𝜑 , 𝑦𝑓𝜑 > 0 

Another important component is the effect of a change in productivity parameter 𝜑. It is assumed 

that an increase in 𝜑 is associated with an increase in output produced. A positive change in the 

productivity parameter shifts the production function upwards. For example, moving from less 

fertile land to more fertile land makes it possible to produce more output using the same amount 

of labour.  

Consider first the case where male and female labour are complements (𝑦𝑚𝑓 = 𝑦𝑓𝑚 > 0) and 

𝑦𝑚𝜑 , 𝑦𝑓𝜑 > 0 – i.e., a change in 𝜑 shifts the production function from 𝑦(ℎ𝑚 , ℎ𝑓 ; 𝜑0) to 

𝑦(ℎ𝑚 , ℎ𝑓 ;𝜑1) and increases the marginal product of labour. As shown in Figure 2.5, the slope at 

𝐵 is greater than the slope at 𝐴. To optimize their labour use, men increase their labour hours 

until the marginal product is equal to marginal cost at point 𝐶 . If male and female labour are 

complements, an increase in hours worked by men causes an outward shift in 𝑦𝑓 as shown in 

panel 2. This leads to an increase in hours worked by women from ℎ𝑓 to ℎ′𝑓 .  

 

Figure 2:5: The impact of a change in φ when men and women labour are complements . 

The increase in hours worked by women has a feedback effect on men’s labour allocation, 

causing an outward shift in 𝑦𝑚 (not shown) and leading to a further increase in hours worked by 
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men. The household output also increases. These changes suggest that hours worked and output 

move in the same direction. 

vi. The impact of a change in 𝜑 when male and female labour are anti-complements. 

In the analysis above, an increase in 𝜑 led to an increase in the marginal product of labour. It is 

also possible for an increase in 𝜑 to lead to a decrease in the marginal product of labour – such a 

case might occur when a plot is very fertile and optimal levels of labour usage can be reached 

very quickly. Figure 2.6 illustrates this latter case.  

If male and female labour are anti-complements (𝑦𝑚𝑓 = 𝑦𝑓𝑚 < 0) and 𝑦𝑚𝜑 , 𝑦𝑓𝜑 < 0, then a 

change in 𝜑 shifts the production function from 𝑦(ℎ𝑚 , ℎ𝑓 ; 𝜑0) to 𝑦(ℎ𝑚 , ℎ𝑓 ;𝜑1). Given the 

nature of the new production function, the marginal product of labour falls if ℎ𝑚  is maintained. 

As shown in Figure 2.6, the slope at point 𝐹 is less than the slope at point 𝐸. Men reduce the 

hours they spend in the field from ℎ𝑚  to ℎ′𝑚 , which increases their marginal product and allows 

them to optimize labour usage at point 𝐺. The fall in ℎ𝑚 causes an outward shift in the 𝑦𝑓 curve, 

and the hours worked by women increases from ℎ𝑓  to ℎ′𝑓 . This increased work by women has a 

feedback effect on men’s labour allocation, causing 𝑦𝑚 to shift inwards, leading to a further 

reduction in the hours worked by men. The net impact on household output is ambiguous. In this 

scenario, it is possible to have a decrease in total household labour but have an increase in 

household output.  

The ambiguity disappears when the cross derivate ( 𝑦𝑚𝑓 , 𝑦𝑓𝑚) is very small or zero. Both male 

and female labour falls while output increases when (𝑦𝑚𝑓 = 𝑦𝑓𝑚 = 0) and 𝑦𝑚𝜑 , 𝑦𝑓𝜑 < 0 (see 

Table 2.1). Thus, labour and output can have a weak relationship or move in the opposite 

direction. 
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Figure 2:6: The impact of a change in φ when male and female labour are anti-complements 

2.5 Empirical testing of the theoretical model predictions  

While social norms are broad and cannot be easily measured, inferences about their impact can 

be made. As can be seen in the comparative statistics above, social norms as captured by 

parameters 𝜆, 𝛽𝑚, and 𝛽𝑓 play an important role in labour allocation. The theoretical model 

forms the basis for an empirical examination of how labour is allocated within household 

members and how this allocation affects productivity.  

The empirical estimation does not test all the propositions of the theoretical model but instead 

examines whether social norms – which are captured by the level of influence (𝜆) and the 

marginal utility of leisure (𝛽𝑚 and 𝛽𝑓) parameters – influence labour supply and labour 

productivity. Since the data set used in this study does not have a direct measure of 𝜆, 𝛽𝑚 and 𝛽𝑓, 

inferences about their impact are made by examining the role played by different household 

social structures which in turn are expected to be strongly affected by social norms.  

As will be seen in the regression analysis section, the empirical estimation is split into two parts. 

First the labour supply function is estimated. The labour supply function assumes that hours 

worked are determined by social norms (i.e., men’s influence and the marginal utility of leisure) 

and other factors. Given that it is assumed that social norms grant men more influence, (𝜆), and 

values men’s leisure more than women’s leisure (𝛽𝑚 > 𝛽𝑓), male members are expected to work 
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fewer hours than female members. In addition, it is expected that men will be more likely to 

work fewer hours than women when social norms are such men have more influence. 

Second, a Cobb-Douglas production function is estimated to make inferences about the 

productivity of male and female labour. Though there are different ways to assess productivity 

(i.e., total productivity, average productivity, and marginal productivity), this study focuses on 

marginal productivity. Specifically, the Cobb-Douglas production function is used to test the 

hypothesis that the marginal productivity for males is greater than the marginal productivity for 

women. It is important to note that the Cobb-Douglas function assumes complementarity 

between inputs. Thus the empirical estimation does not allow for the possibility that male and 

female labour are anti-complements or are neither complements or anti-complements. A fuller 

examination of the propositions of the theoretical model is left for future  research. The next 

section describes the data used to conduct the empirical examination. 

2.6 Description of data  

This section describes the data used to examine the factors that influence labour allocation and 

assess how male and female labour affects productivity. Prior to estimating the regression 

models, descriptive statistics are presented to give a basic understanding of the sampled farmers 

and to show the differences that exist between male and female farmers.  

This study uses two unique data sets collected by ICRISAT in Zimbabwe during the 2009/10 

cropping season and the 2010/11 cropping season. One of the data sets, referred to as the labour 

data set in this study, focused on recording time taken by farmers to complete farming activities. 

The other data set focused on collecting production information among smallholders and is 

referred to as the farm production data set. The author was part of the team that collected both 

data sets and was responsible for supervising enumerators and field assistants.  

In Zimbabwe, the need for farm labour under the rainfed system is seasonal and reaches a peak 

between November and May; thus, the labour data were collected during this period.  The labour 

data contains information on farm activities that were done by farmers on a daily basis. For each 

individual, information on gender, age, time worked, breaks taken, and area covered was 

recorded by trained field assistants. Farmers also had their own record books which were used to 
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verify and validate records that were collected by the field assistants. Since the labour data was 

collected over two seasons (2009/10 and 2010/11) and the same farmers were not included in the 

sample each season, the data are not treated as panel data.  

The production level data records household and farm characteristics, including information on 

the gender of the household head, the age of the household head, the number of household 

members, the assets owned, the crops grown, the area cultivated for each crop, and the quantity 

harvested. The production level data were collected by trained enumerators during the March-

June period over four consecutive cropping seasons from 2007/08 to 2010/11.  

For the labour data, a total of 96 households were observed during the 2009/10 and 2010/11 

farming seasons (57 households in 2009/10 and 39 households in 2010/11); 40 households were 

dropped due to missing data. The analysis in this paper thus uses labour data that were obtained 

from 56 households (38 in 2009/10 and 18 in 2010/11). In most cases, field assistants observed 

and recorded the activities undertaken on two plots for each household, o ne plot where 

conservation agriculture was practiced and another plot where conventional tillage (non-CA) was 

practiced. There are also instances where a household only had one plot. This translates into a 

total of 107 plots over the 56 households that were retained (Table 2.2).  

The production data for the 56 households that were retained were extracted from the larger farm 

production data set – i.e., out of the data that were collected over four years, this study uses only 

the data collected in 2009/10 and 2010/11 to match with the labour data set. The plots from the 

labour and farm production data sets were merged using several variables, which included: (1) a 

unique household identifier, (2) year/cropping season, (3) crop planted, (4) area cultivated, (5) 

farming technique, (6) planting date, and (7) management practices. Since the production data 

was only available for 74 plots, only 74 observations are available when productivity is 

examined; however, 107 observations are available when time allocation is examined (see Table 

2.2).  
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Table 2:2: Data sources 

Data set Year Number of 

households 

Number of plots 

  CA Non-CA Total 

Labour data 2009 38 37 38 75 

2011 18 15 17 32 

Total 56 52 55 107 

Production level 2009 36 29 29 58 

2011 13 7 9 16 

Total 49 36 38 74 

Sources: Author’s calculations based on household survey data.  

Data were aggregated at the household level (but split by gender and farming technique). The 

total time taken to complete a task was computed by summing up the number of hours worked 

by each individual, less the breaks taken. Children’s time contributions were multiplied by 0.5 to 

get adult equivalent time. The contribution of children was trivial because most of the time they 

will be at school and when working on the farm they do light activities. 

2.7 Descriptive statistics 

The households are predominantly male headed, with only a few headed by females (23%) 

(Table 2.3). On average household heads attended school for six years. A typical household has 

7.86 members, and most are between the age of 6 and 17 years (3.04). On average, 1.71 

members are children under the age of six and 2.82 household members are between the age of 

18 and 60 years. The dependent ratio – the number children below the age of six divided by the 

number of adult female members in each household – is 0.18. The dependent ratio is used as a 

control for time spent doing household chores (i.e., caring for children, time required to prepare 

meals, fetch water and firewood). This ratio was selected because children under the age of six 

do not significantly contribute to farm labour and they need more care from parents compared to 

grown-up children. On average, the number of male and female members available for farm 

work is equal, 2.21 and 2.22 people, respectively. As can be seen, there are no statistically 

significant differences in household composition for male and female headed households. The 

similarities in household composition (particularly for members above the age of six  and those 

available for farm work) helps in ruling out the possibility that the differences in labour 
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allocation between male and female headed household emanate from differences in household 

composition.  

Most households own a radio (75%). Ownership of a radio is used as a proxy for access to 

information. On average, households have 3.40 animals that are used as draft power. Mostly, 

oxen are used as draft animals, but in some cases, donkeys are used. Households had an asset 

index of 4.30. The asset index is used as a measure of wealth and is computed using six assets 

that are commonly used in rural areas, namely, ownership of scotch cart, ox-drawn plough, ox-

drawn cultivator, ox-drawn harrow, wheelbarrow, and bicycle. As can be seen in Table 2.3, there 

are no major differences between male and female-headed households. The only statistical 

differences are observed for the dependency ratio and radio ownership.  

Table 2:3: Descriptive statistics for time and household characteristics 

Variable  All 

households 

(n=56) 

 Male-

headed 

household 

(n=43) 

Female-

headed 

household 

(n=13) 

Diff 

 Mean SD Mean  Mean  

Female household head (dummy) 0.23 0.43 - - - 

Age of household head in years 56.53 0.43 57.23 54.13 3.17 

Education of household head in years 6.37 2.92 6.39 6.31 0.08 

Household size 7.86 4.20 7.75 8.23 -0.48 

Family members below 6 years 1.71 0.79 1.70 1.31 0.39 

Family members between 6 and 17 years 3.04 2.29 2.93 3.38 -0.45 

Family members between 18 and 60 years 2.82 2.17 2.73 3.15 0.43 

Family members above 60 years 0.39 0.56 0.39 0.38 0.01 

Ratio of dependents (< 6 years) per female member  0.18 0.17 0.20 0.12 0.08* 

Total family labour 4.44 2.96 4.31 4.88 -0.57 

Total male members available for farm work 2.21 1.52 2.19 2.27 -0.08 

Total female members available for farm work 2.22 1.72 2.11 2.62 -0.51 

Household ownership of radio 0.75 0.43 0.82 0.54 0.28* 

Draft power (number of animals) 3.40 3.30 3.31 3.714 -0.40 

Asset index  4.30 2.73 4.4 3.92 0.49 

Sources: Author’s calculations based on household survey data. Note: SD means standard deviation and 

Diff means difference. ***, ** and * denotes 1%, 5% and 10% significant levels, respectively 

On average, male and female farmers work 6.3 labour days on the observed plot during the 

cropping season (Table2.4). This includes doing all general farm activities from land preparation 
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to harvest. Almost half the plots used conservation agriculture (CA); this percentage reflects the 

sampling approach which purposively covered both conservation agriculture and conventional 

tillage plots. Distinguishing between CA and conventional tillage is important because labour 

demand might be different for the two techniques. Similarly, the time required might be 

influenced by the nature of the plot. It is expected that the time needed to complete a  task 

depends on the soil type, holding other things constant (Afridi et al., 2022). Thirty seven percent 

of the plots have loamy soil, the other types include clay and sandy soils. The average area of the 

plots is 0.17 hectares. It is important to note that a plot is a fraction of the total land farmed by a 

household, since farmers usually divide their land into small manageable plots.  

Table 2:4: Descriptive statistics for labour time and production 

Level  Variable  Mean  Standard 

deviation 

Plot level 

labour 

(n=107) 

Total labour days 6.30 6.18 

Female labour (dummy) 0.51 0.50 

CA Technique (dummy)  0.48 0.50 

Loamy soil (dummy) 0.37 0.21 

Area in hectares 0.17 0.10 

Plot level 

production  

n=74 

Quantity harvested in kgs 252.35 243.18 

Yield obtained in Kgs per hectare 1471.56 1104.91 

Quantity of basal fertilizer used in kgs per hectare 41.48 66.83 

Quantify of top-dressing fertilizer used in kgs per hectare 56.79 65.46 

Sources: Author’s calculations based on household survey data. Note: A labour day is equal to 8 hours 

As highlighted above, the production data were not available for all households; as a result, when 

analyzing the production component, only 74 observations are used. The descriptive statistics 

show that farmers obtain an average of 252.35 kg from 0.17 hectares (Table 2.4). The average 

yield is 1,471 kgs per hectare. On average farmers use 41 kg per hectare of basal fertilizer and 57 

kgs per hectare of top-dressing fertilizer. 

2.8 Examining differences between male and female labour  

The claim that women work more than men on farm work is examined by comparing the total 

time spent in the field by men and women. For each household, farm work is split by gender. 

The time spent by men and women on each task is obtained by aggregating the times that were 
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recorded during the cropping season. The study uses a t-test to examine whether there are 

statistically significant differences between the time worked by men and women on different 

tasks. 

2.8.1 Farm activities and labour allocation 

The descriptive statistics in Table 2.5 show the times allocated to selected farm activities by 

males and females. The table starts by presenting a breakdown of farm activities and then 

provides an overall estimate of the amount of time required for manual and mechanical tasks. 

Manual activities include digging planting basins, weeding, and fertilizer application. 

Mechanical work is described as the use of ox-drawn farm implements and include activities 

such as ploughing or cultivating using an ox-drawn plough, leveling the field using an ox-drawn 

harrow, and transporting manure using a scotch cart. Note, the columns under “average labour 

days worked per plot” shows the difference between average number of days worked by males 

and females on a given plot. The last three columns under “average labour days per hectare” 

takes account of differences in plot sizes and provides a comparison of the time worked by males 

and females on per hectare basis.  

As expected, women work more hours than men in manual activities such as planting, weeding 

and fertilizer application, while men work more hours in ploughing or cultivating using ox -

drawn implements. Women work 2.58 labour days more than men for manual activities. 

Following expectations, men work 0.36 labour days more than women for mechanical activities. 

Mechanical work requires less time, hence the total time allocated to mechanical work is 

relatively small (Afridi et al., 2022). The difference in time spent by men and women on 

mechanical work is small (i.e., 0.36 labour days on an average area of 0.165 hectares) when 

compared to differences in manual work (i.e., 2.59 labour days on an average area of 0.165 

hectares). Overall, on a given plot, women work 2.22 labour days more than men. When these 

observed time differences are standardized to labour days per hectare, the results show that 

women work approximately 15 days more than men.  

The differences in time allocation presented in Table 2.5 support the assertion that men allocate 

relatively more hours to mechanical activities and is consistent with the argument that men’s 
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time allocation is determined by social norms. Indeed, it is possible that male members focus on 

mechanical work and once done, they don’t effectively participate in manual activities.  

Table 2:5: Time allocation between men and women 

Farm activity  Average labour days worked per 

plot (average plot size = 0.165 

Ha) 

Average labour days worked per 

hectare  

Males  Females Difference Males  Females  Difference 

Digging planting basins 0.658 0.814 -0.156 4.065 5.871 -1.806 

Planting  0.471 0.599 -0.128** 2.690 3.936 -1.246*** 

Weeding  2.209 4.292 -2.083*** 14.757 28.213 -13.456*** 

Fertilizer application  0.601 0.827 -0.226*** 3.534 5.248 -1.714*** 

Harvesting  0.221 0.244 -0.023 1.466 1.642 -0.176 

Land preparation  0.139 0.116 0.022 0.766 0.773 -0.007 

Chemical and pesticides application 0.038 0.041 -0.003 0.192 0.228 -0.036 

Mulching  0.071 0.038 0.033 0.700 0.324 0.376 

Ploughing / cultivating (ox drawn) 0.609 0.267 0.342*** 4.353 1.962 2.391*** 

Manual labour 4.231 6.813 -2.583*** 27.212 45.234 -18.022*** 

Mechanical labour 0.786 0.425 0.361*** 5.311 2.963 2.348*** 

Aggregate (total) Labour 5.017 7.238 -2.222*** 32.523 48.197 -15.674*** 

Sources: Author’s calculations based on household survey data. Note: A labour day is equal to 8 hours.  

***, ** and * denotes 1%, 5% and 10% significant levels, respectively 

2.8.2 Social norms and labour allocation  

The impact of social norms on labour allocation can be examined using proxies such as the 

headship of the household. The data used in this study does not have other measures of social 

norms, such as information on women’s decision making and ownership of productiv e assets. 

Therefore, only the household head variable is used as a proxy for social norms. As discussed 

earlier in the paper, social norms grant more influence to men than women; therefore, a male 

household head might be in a better position to control household members compare d to a 

female household head. Female members also appear to have less influence when under male -

headed households (Dassanayake, Luckert, & Mohapatra, 2015). If social norms are binding, 

then differences in time worked should be observed for individuals under different headships.    
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Table 2:6: Total labour days worked disaggregated by household headship.  

Type of labour  Average labour days worked (average plot size = 0.165 Ha) 

 Male  Female Difference Male  Female  Difference 

 Male-headed Household (n=82) Female-headed Household (n=25) 

Manual labour 4.988 6.356 -1.368*** 1.748 8.313 -6.565*** 

Mechanical labour 0.805 0.422 0.383*** 0.722 0.434 0.288*** 

Aggregate (total) Labour 5.793 6.778 -0.985** 2.470 8.747 -6.277*** 

Sources: Author’s calculations based on household survey data. Note: A labour day is equal to 8 hours, 

***, ** and * denotes 1%, 5% and 10% significant levels, respectively. 

The results in Table 2.6 show that females work more in both male-headed households and 

female-headed households for manual tasks, while men work more for mechanical tasks. The 

differences in labour allocation are larger for female-headed households, particularly for manual 

activities. As discussed earlier, one reason for this result might be that despite being the 

household head, female heads are not able to influence the work that male members do; as a 

result, female members end up working more to compensate for the men shirking. Agarwal and 

Mahesh (2023) also reported similar findings, the authors highlighted that the farms owned by 

women used larger proportion of female labour compared to the farms owned by men. 

Alternatively put, the results in Table 2.6 imply that when there is a male-head, male members 

contribute to manual activities to a certain extent. Similar findings are reported by Udry (1996), 

who highlighted that family labour was intensively used in plots that were managed by men. 

These results suggest that social norms play a key role in labour allocation.  

Another possible explanation to the observed pattern is that male members belonging to female -

headed households are freed up to do off -farm work instead of contributing to household farm 

labour. This assertion cannot be tested in this study because information on off-farm work is not 

available. Even though employment opportunities were limited during the period in which data 

were collected, reducing the likelihood of having off -farm work, it cannot not be ruled out that 

males might have been involved in other activities outside farming. Nonetheless, the assertion 

that male members who are in female headed households are freed up to do other activities also 

suggest that male and female members are treated different and support the view that social 

norms are at play. 
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2.9 Labour allocation and output 

This section investigates the production differences that exist among smallholder farmers and 

examine the source of the difference. Two major cases are explored, namely, the impact of social 

norms and the effect of farm/land characteristics. To explore the impact of social norms on 

production, comparisons are conducted when households are split by headship. The impact of 

farm characteristics (productivity parameters) is explored by making comparisons when data are 

split by soil type and when split by farm size (Afridi et al., 2022). It is important to note that 

these results only reflect differences in observed plots and not the total arable area therefore the 

results may not be applicable to the whole farm. To account for differences in plot size, all 

output were converted to output per hectare. 

The results in Table 2.7 show that female-headed household have smaller plots, but there is no 

statistically significant difference in other production parameters between male -headed and 

female-headed households.  

Table 2:7: Production, fertilizer use, and tillage practice by household headship . 

Variable Household Headship 

Male-headed 

(n=59)  

Female-

headed (n=15) 

Difference  

Harvest in kgs 260.14 221.73 38.41 

Area in hectares 0.18 0.14 0.04* 

Yield in kgs per hectare 1459.03 1520.83 -61.80 

Basal fertilizer in kgs per hectare 37.57 56.88 -19.31 

Top dressing fertilizer in kgs per hectare 55.69 61.15 -5.45 

Conservation Agriculture 0.51 0.40 0.11 

Sources: Author’s calculations based on household survey data. Note: ***, ** and * denotes 1%, 5% and 

10% significant levels, respectively 

As shown in the theoretical model, differences in production parameters such as soil 

characteristics can play an important role in influencing labour allocation and productivity. The 

variables used as proxies for soil characteristics are soil type and land size. The results in Table 

2.8 show that farmers use more fertilizer on loamy plots. One reason for this is that loamy soils 
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are regarded as fertile and good for most crops, hence farmers might be applying more fertilizer 

to maximize the yield from the best plots. Other variables are not statistically significant.  

Interestingly, there are significant differences between small and large plots. As expected, less 

output is obtained from plots that are smaller than sample average. However, smaller plots are 

more productive than larger plots. They have a mean yield of 1734kg per hectare compared to 

1210kgs per hectare for large plots. More fertilizer is used on small plots, particularly, top 

dressing. This suggests that smaller plots are more intensively managed. 

Table 2:8: Production, fertilizer use, and tillage practice by soil type and plot size . 

Variable  Soil Type Plot Size 

 Loamy 

soil 

(n=36) 

Other 

soils 

(n=38) 

Difference Large 

area 

(n=37) 

Small 

area 

(n=37) 

Difference 

Harvest in kgs 239.15 266.28 -27.13 232.75 271.96 -39.21 

Area in hectares 0.17 0.18 -0.01 0.19 0.15 0.04** 

Yield in kgs per hectare 1480.57 1462.05 18.52 1209.52 1733.60 -524.07** 

Basal fertilizer (kg/ha) 48.20 34.40 13.80 36.42 46.55 -10.13 

Top dressing fertilizer (kg/ha) 69.69 43.18 26.50** 37.91 75.68 -37.6*** 

Conservation Agriculture 0.5 0.47 0.03 0.51 0.46 0.05 

Sources: Author’s calculations based on household survey data. Note: ***, ** and * denotes 1%, 5% and 

10% significant levels, respectively. 

2.9.1 The relationship between labour allocation and output 

The relationship between hours worked and output can vary depending on the characteristics of 

the households (captured by the exogenous variables in the model in Table 2.1). The scatter plots 

in Figure 2.7 show there is a slight positive relationship between hours worked and yield for men 

(Figure 2.7, panel 1) and for women (Figure 2.7, panel 2). Based on the results from the 

comparative statics presented in Table 2.1, the patterns shown in Figure 2.7 are consistent with 

cases where an increase in the output parameter 𝜑 leads to a fall in the marginal products of 

labour (i.e., 𝑦𝑚𝜑 , 𝑦𝑓𝜑 < 0) and male and female labour are either anti-complements or are 

neither complements or anti-complements. Recall from Table 2.1 that when these conditions 

hold, labour allocation by men and women move together (i.e., when one increases so does the 

other) and increases in labour use are accompanied by increases in total output (i.e., yield). Thus, 
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the patterns observed in Figure 2.7 are consistent with a situation in which farms differ in the 

output parameter 𝜑, male and female labour are anti-complements or are neither complements or 

anti-complements (i.e., they are readily substitutable), and higher yields are associated with 

lower marginal products (perhaps because close to maximum yields can be achieved with 

relatively little labour).  

 

Figure 2:7: Relationship between labour days and yield. 

2.10 Regression analysis  

The descriptive statistics above give important insights on labour allocation and production. To 

get a more detailed understanding and to draw inferences on the impact of social norms, two 

regression models are estimated. The first examines the factors that influence time allocation 

through the estimation of a labour supply equation; the second examines the impact of male and 

female labour on yield through the estimation of a production function. Basing on the theoretical 

model, labour allocation and productivity are affected by level of men’s influence and the 

marginal utility of leisure for men and women as dictated by social norms. Inferences about the 

role of social norms are obtained by assessing the impacts of gender and household headship on 

labour allocation and productivity. 
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2.10.1 Factors influencing time allocation.  

The ordinary least squares (OLS) regression model is used to investigate factors that determine 

time allocation. The gender of the household members who work on the farm and the gender of 

the household head is used to infer whether social norms have a role in influencing the time 

worked in the field by smallholder farmers. As highlighted in the theoretical model, the marginal 

utility of leisure is expected to be higher for males than females as dictated by social norms, 

therefore female members are expected to work more than male members. In addition, social 

norms grant more influence to male heads than female heads, therefore, male heads are expected 

to be able control household members to work more. To test whether there are any differences in 

labour allocation between male-headed and female-headed households, the female labour 

variable is interacted with the household headship variable. 

The dependent variable captures the total time worked on the farm by household members. The 

time worked on the farm is disaggregated by gender of the household members and the farming 

technique used. That is, for each household, the total time worked by ma les and the total time 

worked by females is entered separately. The household members can work on a plot that is 

cultivated using conservation agriculture technique (CA) or conventional tillage. The result is 

that there is a maximum of four entries for any given household.  

The model to be estimated is specified as follows: 

ℎ𝑖𝑔𝑝 =  𝑎0 + 𝑎1𝐹𝑙 𝑖 + 𝑎2𝐹𝐻𝑖 + 𝑎3𝐹𝑙𝑖 ∗ 𝐹𝐻𝑖 +  𝑎𝑛𝑊𝑖 +  𝜔𝑖 .     (2.8) 

where ℎ𝑖𝑔𝑝, is the total time worked for the 𝑖𝑡ℎ household by 𝑔 (males and females) on plot 𝑝 

(CA and conventional plot), 𝐹𝑙 𝑖 is a dummy variable for female labour, 𝐹𝐻𝑖  is a dummy variable 

for female-headed households, 𝐹𝑙 𝑖 ∗ 𝐹𝐻𝑖 is the interaction term for female member and female 

head and 𝑊𝑖  is other household characteristics such as number of dependents, access to 

information, and access to education, 𝑎0, 𝑎1 , 𝑎2 , 𝑎3 , and 𝑎𝑛 are parameters to be estimated, and 

𝜔𝑖  is the error term.  
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2.10.1.1 Labour supply estimation.  

To understand the factors influencing time allocation, equation 2.8  is estimated using OLS. The 

dependent variable is the total labour days worked by male and female in each household during 

the season. The hours worked are assumed to be affected by gender of the individual, the 

headship of the household, the farming technique used, and the area cultivated. The dummy 

variable for year was included to control for differences that exist between the two years. The 

effect of gender is captured using a female dummy variable which takes the value of one when 

the individual is female and zero when the individual is male. The household head dummy 

captures the effect of social norms. The variable for total arable land is included to control for the 

overall supply for labour. It is possible that households that own larger farmers spend different 

time on a per hectare basis. The other control variables and the interaction term were included to 

get a better understanding of the factors influencing labour allocation. Notice that data are 

disaggregated by gender (male and female), and by plot; therefore, there are 208 observations.  

To obtain a better understanding of the factors that influence labour allocation, four model 

specifications are presented in Table 2.9. Model 1 presents a basic model to show the 

relationship between gender and labour allocation. In Model 2, the dummy for female -head is 

introduced to control for social norms. In Model 3, the interaction term for female -head and 

female labour is introduced to see if social norms have a differential impact on gender. In Model 

4, all the other control variables are included.  

When the basic model is used, the results show that women work more than men (Table 2.9, 

Model 1). Specifically, women work 1.92 more labour days than males. CA technique and the 

area cultivated also increase the time worked in the field. The result for the CA variable is as 

expected given that CA is labour demanding when compared to conventional tillage. The results 

do not change when the female-head dummy variable is introduced; indeed, the estimated 

coefficient on this variable is statistically insignificant (Table 2.9, Model 2).  
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Table 2:9: Factors affecting the total labour days worked by male and females. 

Variable  Model 1  Model 2 Model 3  Model 4 

  Coefficient    Coefficient 

Female-head (dummy)   0.48 (0.88)  -2.16 (1.26) * -2.92 (1.31) ** 

Female labour (dummy) 1.92(0.73) *** 1.91 (0.73) *** 0.78 (0.82)  1.46 (1.20)  

CA Technique (dummy)  4.53(0.73) *** 4.55 (0.73) *** 4.49 (0.72) *** 4.48 (0.71) *** 

Area cultivated in hectares 22.5 (3.58) *** 22.74 (3.63) *** 22.83 (3.56) *** 22.28 (3.60) *** 

Base year: 2009 (dummy) 1.06 (0.80)  1.07 (0.80)  1.11 (0.79)  1.11 (0.86)  

Interaction term (female labour * female-headed)     5.02 (1.72) *** 4.87 (1.73) *** 

Total female members available for farm work       0.80 (0.28) *** 

Total male members available for farm work       -0.55 (0.36)  

Loamy soil (dummy)       -1.37 (0.80) * 

Total arable land in hectares       -0.61 (0.67)  

Proportion of dependents less than 6 years       2.19 (3.40)  

Interaction term for dependents and female labour       -3.29 (4.34)  

Education of household head       0.01 (0.14)  

Household ownership of radio       -0.86 (1.00)  

Draft power (dummy)        0.17 (0.14)  

Asset index (proxy for wealth)       0.12 (0.18)  

Constant  -0.89 (0.93)  -1.05 (0.98)  -0.48 (0.99)  -0.72 (1.86)  

Observations 208  208  208  208  

F statistic 20.43 *** 16.35 *** 15.54  *** 7.56 *** 

R-squared 0.29  0.29  0.32  0.37  

Adj R-squared 0.27  0.27  0.30  0.32  

Sources: Author’s calculations based on household survey data: Note: The dependent variable is Total Labour days worked by males and females 

in each household. A labour day is equal to 8 hours. ***, ** and * denotes 1%, 5% and 10% significant levels, respectively. The figure in 

parentheses are the standard errors.    
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The results do change when the interaction term is introduced in Model 3. The coefficient on the 

female labour dummy variable becomes statistically insignificant, and the female-head dummy 

becomes negative and statistically significant. The interaction term is positive and statistically  

significant. Introducing other controls (Table 2.9, Model 4) does not alter the results obtained in 

Model 3. 

Taken at face value, the result presented in Model 1 and Model 2 implies that women work more 

than men. However, the introduction of the interaction term in Model 3 and Model 4 alters the 

conclusions in that women work more than men in female-headed households. Similar findings 

are reported by Agarwal and Mahesh (2023). When under male-headed households, men and 

women work the same, statistically speaking. This result reinforces the findings presented in the 

descriptive section and supports the assertion that there are behavioural factors influencing 

labour allocation.  

This finding is important in inferring the impact of social norms. The institutions governing 

communities might perpetuate male dominance; even if they are not household heads, male 

members might still have power over female head as dictated by social norms. One example that 

suggests the social norms do not give women power is that in most communities in Africa, 

women are rarely given ownership of resources such as land and livestock (Agarwal & Mahesh, 

2023). In the event that a male-head dies, the land and livestock is passed on to male children 

and sometimes given to an uncle and not to the widow (Agarwal, Anthwal, & Mahesh, 2021; 

Doss, 2013). These practices suggest that female headship might be considered as ceremonial, 

without the power to influence males. As a result, female heads might fail to control male 

members. Whereas under male heads, the household head can influence male members to work, 

even though they work fewer hours than women, their contribution would reduce the pressure 

that women have. In other words, males in male-headed households would work more than 

males in female-headed households. 

The variable for total female members available for farm work is positive and significant while 

the variable for total male members available for farm work is not significant. This suggests that 

having an additional female member in a household increases the hours worked, but having an 

additional male member does not have a significant impact on hours worked by household 
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(Table 2.9). This supports the assertion that men would rather increase their leisure time than 

increase the time allocated to farm labour (Darity, 1995). A similar conclusion is reached by 

Arora and Rada (2020) who highlight that men redistribute their activities making minimal 

changes to their leisure. Another possible explanation is that there is a certain level of 

mechanical work required (i.e., male contribution required) and once that level is reached, 

adding another male member would not alter the hours allocated to farm work.  

The impact of CA and area cultivated is the same as observed in the basic model. Soil type also 

has an impact on labour allocation, with loamy soil reducing the average time worked.  Other 

controls are not significant. 

The OLS results presented Table 2.9 need to be treated with caution. Due to missing variables, 

there is a possibility of bias. As shown in the theoretical model, social norms – which are 

captured by parameters for men’s influence (𝜆) and the marginal utility of leisure (𝛽𝑘) – have an 

effect on labour allocation. Although this study uses household headship as one measure of 

social norms, other aspects of social norms are not included in the model. The omission of these 

variables is likely to bias the coefficients estimates if they are correlated with gender. Other 

external factors that are not included in this model are likely to bias the results. For instance, the 

amount of rainfall could have an impact on labour allocation (Josephson & Shively, 2021). 

Higher rainfall is more likely to be positively related with weed infestation and as a result, could 

influence the time worked by women, given that they are responsible for weeding. The omission 

of this variable biases the gender coefficient upwards. Therefore, allocating all the unobserved 

factors to gender is inaccurate. 

2.10.2 The impact of male and female labour on maize yield  

This study estimates the production function 𝑦 = 𝑦( ℎ𝑚,ℎ𝑓 , 𝑋), where ℎ𝑚 and ℎ𝑓 are the time 

spent, respectively, by men and women doing agricultural work, and 𝑋 is other inputs such as 

fertilizer. It is possible for a household to have two plots, one for conservation agriculture (CA) 

and the other for conventional tillage. Therefore, the output (𝑦) represents the quantity produced 

on a specific plot, either CA or conventional plot, for each household. The time worked by 
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female and male members on a specific plot was entered separately. Both male and female 

labour are expected to be positively related to output (𝑦).  

The production function was initially estimated using a translog functional form, making it 

possible to capture the interaction between male and female labour. However, the interaction 

terms were not statistically significant and were dropped. The resulting functional form is thus a 

Cobb-Douglas function.  Taking logarithms on both sides and adding an error term to a Cobb-

Douglas production function gives the following equation to be estimated:  

𝑙𝑛𝑦𝑖𝑝 = 𝛼0 +  𝛼1 ln ℎ𝑚𝑖𝑝 + 𝛼2 ln ℎ𝑓𝑖𝑝 + 𝛼3𝐹𝐻𝑖 + 𝛼4𝐹𝐻𝑖 ∗ lnℎ𝑚𝑖𝑝 + 𝛼5𝐹𝐻𝑖 ∗ ln ℎ𝑓𝑖𝑝 +

𝛼6𝐶𝐴𝑖𝑝 +  𝜗 ln 𝑋𝑖𝑝  + 휀𝑖𝑝          (2.9) 

where 𝑦𝑖𝑝 is the maize yield for the 𝑖𝑡ℎ household on plot 𝑝, measured in kgs per hectare, ℎ𝑚 and 

ℎ𝑓  represent the time worked by male and female household members on plot 𝑝 (CA and 

conventional plot), respectively, 𝐹𝐻𝑖  is a dummy variable for female-headed households, 𝐹𝐻𝑖 ∗

ln ℎ𝑚𝑖𝑝 is the interaction term for male labour and female head, 𝐹𝐻𝑖 ∗ ln ℎ𝑓𝑖𝑝 if the interaction 

term for female labour and female head. 𝐶𝐴 is the dummy for conservation agriculture, and 𝑋 is 

other inputs such as fertilizer. The terms 𝛼0, 𝛼1, 𝛼2, 𝛼3, 𝛼4, 𝛼5, 𝛼6 , and 𝜗 are parameters to be 

estimated, while 휀𝑖𝑝 is the error term. The gender of household head is interacted with male and 

female labour and used to make inferences about the impact of social norms.  

2.10.2.1 Production function estimation 

The results on labour allocation that are presented in previous section show that women work 

more than men. Carrying a greater workload might have a negative impact on productivity 

especially if women do not have adequate time to rest (Sell et al., 2018). At the same time, by 

doing most of the work, women might gain efficiency through learning by doing.  

To understand the effect of male and female labour on output, the production function presented 

in equation 2.9 is estimated. The dependent variable is maize yield, calculated as the quantity 

produced per unit area. The maize yield is assumed to depend on inputs used such as male 

labour, female labour, basal fertilizer, top dressing fertilizer, and farming technique. The inputs 

used are standardized to quantity per unit area. The area of the plots is measured in hectares. The 
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maize yield is calculated at the plot level. The plots are jointly operated by male and female 

household members. It is possible for a household to have one or two plots. In instances where a 

household has two plots in the sample, one will be under CA and the other one under 

conventional tillage (non-CA). The variable for total arable area is included to control for the 

effects of land endowment. For example, the intensity of operations will differ between a 

household that has a small farm and a household that has a large farm. The one with a large farm 

might be less intensive if they allocate their time between different plots on the farm, holding 

other things constant.    

Four model specifications are presented in Table 2.10. Model 1 shows the basic relation ship 

between labour and output. In Model 2, the dummy for female head is included to control for 

social norms. In Model 3, other inputs and a dummy for farming technique are included to 

provide a more complete production function. In Model 4, male and female labour are interacted 

with the dummy for female-head to assess whether headship has a differential impact on the 

marginal product of each gender.  

The regression results in Table 2.10 show that female labour has a statistically significant impact 

on output. The coefficient for female labour is statistically significant and greater than the 

coefficient for male labour in all four model specifications. The introduction of the female-head 

dummy and the interaction terms does not alter the results.  
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Table 2:10: Estimation results for the Cobb-Douglas production function. 

Variable  Model 1  Model 2  Model 3  Model 4  

 coefficient  coefficient  coefficient  coefficient  

Male labour days per hectare  0.02 (0.11)  -0.05 (0.13)  -0.08 (0.11)  -0.03 (0.15)  

Female labour days per hectare  0.27 (0.99) *** 0.32 (0.10) *** 0.24 (0.10) *** 0.26 (0.12) *** 

Female-head (dummy)   -0.29 (0.25)  -0.26 (0.23)  1.85 (1.32)  

Basal fertilizer used per (kgs per hectare)     0.06 (0.04)  0.06 (0.04) * 

Top-dressing fertilizer used (kgs per hectare)     0.09 (0.04) *** 0.09 (0.04) ** 

Dummy for CA technique     0.27 (0.20)  0.25 (0.20)  

Male labour*Female-head       -0.33 (0.29)  

Female Labour*Female-head       -0.30 (0.25)  

Total arable area       -0.10 (0.11)  

Constant  6.06 (0.39) *** 6.15 (0.40) *** 5.99 (0.39) *** 5.92 (0.45) *** 

Observations 74  74  74  74  

F-statistic 5.67 *** 4.28 ***  5.86 *** 4.81 *** 

R-Squared 0.14  0.15  0.34  0.37  

Adj.R-Squared 0.11  0.12  0.29  0.29  

Sources: Author’s calculations based on household survey data. Note: The dependent variable is Yield, measure as quantity harvested per unit 

area. ***, ** and * denotes 1%, 5% and 10% significant levels, respectively. The figure in parentheses are the standard errors 
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This result means that females have a higher marginal product than males, a finding that is 

different from the predictions of the theoretical model. The theoretical model predicts that men 

have higher marginal product if the social norms give then more influence and higher marginal 

utility of leisure. 

One reason for this outcome is that the relationship between marginal productivity, hours worked 

and total output that is shown in the theoretical model assumes that men and women are doing 

the same work/tasks. Since, as the data shows, the allocation of farm tasks is gendered, it is 

possible that the tasks done by women are more important to output than the tasks done by men. 

In an agricultural setting that relies predominantly on manual labour, some activities might be 

agronomically more important than others. For example, weeding and fertilizer application, 

which are largely carried out by women, might have a different impact on yield than an activity 

such as ploughing. For instance, at the margin, additional mechanical work is unlikely to have 

much of an impact on yield after a certain amount of this work is done, while additional weeding 

might be productive. Therefore, differences in the marginal products might reflect differences in 

the impact of the tasks done by males and females.  

As expected, the use of top-dressing fertilizer has a statistically significant impact on yield in 

both Model 3 and Model 4, while basal fertilizer is not statistically significant in Model 3 but 

shows a statistically significant impact in Model 4 when the interaction terms are included.  

When compared to other studies, this research differs in that it focuses on micro level data and 

compares the hours worked by males and females at the plot level (a fraction of the total arable 

area). This approach gives better insights on how labour allocation affects productivity.  

One major drawback is that the study fails to control for biases that emanate from unobserved 

factors, therefore, the possibility of biased estimates is not ruled out. The production function 

estimation is vulnerable to bias due to missing variables. As shown in the theoretical model in 

equation 2.6 and 2.7, the marginal products are affected by the men’s influence (𝜆) and the 

marginal utility for leisure (𝛽𝑘). And the theoretical model postulates that 𝜆 and 𝛽𝑘  depend on 

social norms. Therefore, failure to have a good measure for social norms (level of influence and 

utility of leisure) implies that the marginal products obtained in Table 2.10 might be biased. For 
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example, if the value of 𝜆 is underestimated, then the marginal products for men will be biased 

downwards while marginal product for women is biased upwards.  

2.11 Conclusions 

This study examines how social norms affect labour allocation and productivity among 

smallholder farmers. The study uses a household data set that separates the hours worked by 

male and females at the plot level, making it possible to evaluate factors that influence labour 

allocation and the impact of male and female labour on smallholder farmer’s productivity. The 

gender of household members and the gender of the household head is used to make inferences 

about social norms. 

This study provides important insights about the role of women and social norms in Zimbabwe. 

The first part of this study develops a theoretical model which captures the key features of 

smallholder farmers. One important feature is that social norms give men more influence in a 

household than women. In addition, social norms lower the opportunity cost fo r women labour. 

The observed outcome of this inequality is that women work more than men. In turn, labour 

allocation has an impact on productivity, conditional on the relationship between male and 

female labour. For instance, if male and female labour are complements, then reduction in time 

worked by men will reduce the overall productivity of the household.  

The empirical analysis also shows that women work more than men, particularly in doing 

manual tasks. The regression results indicate there are other factors that influence labour 

allocation. Of particular importance is the nature of the household head, with women working 

more in female-headed households than in male-headed households. One explanation for this 

result is that female heads are not able to influence male members to effectively contribute to the 

farm labour and thus women end up working more to compensate for the gap create by shirking 

men.  

The other key finding of the analysis is that women have a higher marginal productivity than 

men. One possible explanation for this result is that, in an agricultural system that is 

predominantly manual, the tasks done by women (for example weeding and fertilizer 
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application) are more critical at the margin to smallholder productivity than the mechanical tasks 

done by men.  

The results presented in this study shows that women, particularly those in female -headed 

households, carry a disproportionate workload. The household welfare could be improved if 

work is more fairly distributed. It is also important to note that owing to the gendered allocation 

of tasks, the result that women are more productive than men does not mean that women should 

work more. Instead, this result implies that a reallocation of tasks within household members 

would improve productivity. For instance, male labour might have a better impact on yield if 

men reallocate their time towards weeding and fertilizer application.  

The results of the analysis point to the need to revise the social norms that govern agricultural 

labour allocation and systematically disadvantage women. Women are unlikely to have the 

influence needed to control male members if norms are not altered; thus, reallocation might not 

be possible without adjusting social norms which dictate the distribution of roles. From a po licy 

perspective, rather than merely providing inputs to women, interventions might aim at altering 

social norms such that it becomes possible to reallocate tasks. However, changing social norms is 

not easy (Akerlof & Kranton, 2000). Norms are usually sticky (Alesina et al., 2013) and if 

communities perceive that the change is being imposed on them, they are more likely to resist 

the initiatives.  

Another policy implication is that promotion of mechanical technologies should be prioritized. 

Technological developments should aim at mechanizing manual tasks to ease the burden carried 

by women (Afridi et al., 2022). Since the results show that men allocate more hours towards 

mechanical tasks, the promotion of mechanized farm equipment together with modified norms 

could lead to a better allocation of farm work between men and women.  

Given that the study was not able to control for possible bias, caution should be exercised when 

interpreting the results. Likewise, the results presented in this study are suggestiv e and not 

authoritative. Nevertheless, the approach used in this study and the theoretical model developed 

provides the basis for a different approach to assessing smallholder farmers. Further research in 

this area and the development of better measures of  social norms is needed. 
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Improvements could be made by considering how social norms affect work attitude. For 

instance, social norms could influence the effort exerted by men and women, especially in 

societies where women are expected to work hard. Friedman et al. (2023) show that women exert 

more effort than men. Such findings imply that the same hours worked in the farm by men and 

women have different impact on household productivity. Given the possibility of having a male -

head who leaves the household to work elsewhere, it will be interesting to assess the differences 

between the present male-head and absent male-head. In areas where it is common for men to 

work off-farm, it would be important to include off -farm activities to accurately capture the 

opportunity cost of labour. Furthermore, being able to include information on household chores 

could improve the results. Future research that can adopt the approach presented in this paper 

and develop better measures will broaden our understanding of the role of social norms.  
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2.12 Appendix for first paper. 

2.12.1 Appendix 2A 

Extended version of the bargaining model 

The simplified model that was presented in this study is modified to explicitly show the role of 

household chores6. Consider a household with two members, a male and a female. The utility 

functions for the male and female members are as follows: 

𝑈𝑚 = 𝑠𝑦 + 𝛾𝑚𝑍 +  𝛽𝑚(𝑇 −  𝑐𝑚 − ℎ𝑚)       (A2.1) 

𝑈𝑓 = (1 − 𝑠)𝑦 +  𝛾𝑓𝑍 +  𝛽𝑓(𝑇 −  𝑐𝑓 − ℎ𝑓)      (A2.2) 

where 𝑈𝑚 and 𝑈𝑓  represent male and female’s utility, respectively, 𝑦 is agricultural output, 𝑍 is 

collective household good, 𝑇 is the total time available to a person, ℎ𝑘 is the agricultural activity 

(or work) of individual 𝑘 (𝑘= male or female), 𝑐𝑘 is the household activity (or work) of 

individual 𝑘, 𝑠 is the male’s share of agricultural output (1 − 𝑠 is the female’s share), 𝛾𝑘 is the 

marginal utility of the collective household good, and 𝛽𝑘  is the marginal utility of leisure. It is 

assumed that 𝑦 = 𝑦( ℎ𝑚, ℎ𝑓; 𝜑) and Z= 𝑧(𝑐𝑚, 𝑐𝑓).  

Following Udry (1996), it is assumed is that the household solves the following problem:  

𝑀𝑎𝑥(ℎ𝑚,ℎ𝑓,𝑐𝑚,𝑐𝑓)𝐿 = 𝜆𝑈𝑚 +  𝑈𝑓         (A2.3) 

The parameter 𝜆 in equation (A2.3) allows for a different weight to be given to the utility of 

males versus the utility of females. The parameter 𝜆 can be used as a proxy for men’s influence. 

If males have greater influence, as is usually assumed, then 𝜆 > 1. The first order conditions to 

this problem are:  

𝑑𝐿

𝑑ℎ𝑚
= 𝜆𝑠

𝑑𝑦

𝑑ℎ𝑚
−  𝜆𝛽𝑚 + (1 − 𝑠)

𝑑𝑦

𝑑ℎ𝑓
=  0      (A2.4) 

 
6 Modifications can be made to include capture off -farm work, particularly in scenarios where men frequently 
migrate to urban areas (or other places) to seek off-farm work. For this study, farming was the primary activity for 

the farmers that were observed, and off-farm work was trivial. 
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𝑑𝐿

𝑑ℎ𝑓
= 𝜆𝑠

𝑑𝑦

𝑑ℎ𝑚
+ (1 − 𝑠)

𝑑𝑦

𝑑ℎ𝑓
− 𝛽𝑓 = 0      (A2.5) 

𝑑𝐿

𝑑𝑐𝑚
=  𝜆𝛾𝑚

𝑑𝑍

𝑑𝑐𝑚
− 𝜆𝛽𝑚 +  𝛾𝑓

𝑑𝑍

𝑑𝑐𝑚
= 0      (A2.6) 

𝑑𝐿

𝑑𝑐𝑓
=  𝜆𝛾𝑚

𝑑𝑍

𝑑𝑐𝑓
+  𝛾𝑓

𝑑𝑍

𝑑𝑐𝑓
− 𝛽𝑓  = 0       (A2.7) 

Solving equations (A2.4) and (A2.5) gives: 

y𝑚  =  
𝜆𝛽𝑚

1+𝑠(𝜆−1)
         (A2.8) 

y𝑓  =  
𝛽𝑓

1+𝑠(𝜆−1)
           (A2.9) 

Solving equations (A2.6) and (A2.7) gives: 

𝑑𝑍

𝑑𝑐𝑚
=  

𝜆𝛽𝑚

𝜆𝛾𝑚+ 𝛾𝑓
          (A2.10) 

𝑑𝑍

𝑑𝑐𝑓
=  

𝛽𝑓

𝜆𝛾𝑚+𝛾𝑓
            (A2.11) 

Following Darity (1995), it is assumed that social norms give men more influence than they do 

women. The level of influence that men have implies that 𝜆 ≥ 1. If 𝜆 > 1, then y𝑚 >  y𝑓  and 

𝑑𝑍

𝑑𝑐𝑚
>  

𝑑𝑍

𝑑𝑐𝑓
. This effect will be further strengthened if 𝛽𝑚 >  𝛽𝑓 . Both 𝜆 and 𝛽𝑘 (𝑘 =male or 

female) in equation (A2.8) and (A2.9) are affected by social norms. Social norms put a high 

social cost for men to participate in the field or to do household chores (Arora & Rada, 2020). 

This translates into a low marginal utility of leisure for women – i.e., 𝛽𝑚 >  𝛽𝑓 . Focusing on 

agricultural production, these results imply that the marginal productivity of men’s labour and 

the marginal productivity of women’s labour are not equalized. This result is similar to the 

conclusion reached when using the simplified model that is used in this study. Therefore, the 

inclusion of the household chores parameter does not alter the outcome.   
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2.12.2 Appendix 2B 

Non-linear utility function. 

When non-linearity is factored in, the utility functions for the male and female members can be 

expressed as: 

𝑈𝑚 = 𝑈𝑚(𝑠𝑦, 𝑇 − ℎ𝑚)         (A2.12) 

𝑈𝑓 = 𝑈𝑓((1 − 𝑠)𝑦, 𝑇 − ℎ𝑓)        (A2.13) 

where 𝑈𝑚 and 𝑈𝑓  represent male and female’s utility, respectively, 𝑦 is agricultural output, 𝑇 is 

the total time available to a person, ℎ𝑘 is the agricultural activity (or work) of individual 𝑘 (𝑘= 

male or female), 𝑠 is the male’s share of agricultural output (1 − 𝑠 is the female’s share). It is 

assumed that 𝑦 = 𝑦( ℎ𝑚, ℎ𝑓; 𝜑)  

Following Udry (1996), it is assumed is that the household solves the following problem:  

𝑀𝑎𝑥(ℎ𝑚,ℎ𝑓,𝑐𝑚,𝑐𝑓)𝐿 = 𝜆𝑈𝑚 +  𝑈𝑓         (A2.14) 

The parameter 𝜆 in equation (A2.14) allows for a different weight to be given to the utility of 

males versus the utility of females. The parameter 𝜆 can be used as a proxy for influence. If 

males have greater influence, as is usually assumed, then 𝜆 > 1. The first order conditions to this 

problem are:  

𝑑𝐿

𝑑ℎ𝑚
= 𝜆𝑠 𝑈𝑚

1 𝑑𝑦

𝑑ℎ𝑚
−  𝜆𝑈𝑚

2 + (1 − 𝑠)𝑈𝑓
1 𝑑𝑦

𝑑ℎ𝑚
=  0     (A2.15) 

𝑑𝐿

𝑑ℎ𝑓
= 𝜆𝑠𝑈𝑚

1 𝑑𝑦

𝑑ℎ𝑓
− 𝑈𝑓

2 + (1 − 𝑠) 𝑈𝑓
1 𝑑𝑦

𝑑ℎ𝑓
= 0       (A2.16) 

Solving equations (A2.15) and (A2.16) gives: 

y𝑚  =  
𝜆𝑈𝑚

2

𝜆𝑠 𝑈𝑚
1 +(1−𝑠)𝑈𝑓

1          (A2.17) 
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y𝑓  =  
𝑈𝑓

2

𝜆𝑠 𝑈𝑚
1 +(1−𝑠)𝑈𝑓

1          (A2.18) 

Similar results are obtained when non-linear utility function is used. 𝜆 and the marginal utility of 

leisure still plays the same role, however, the marginal utilities change with the amount of 

leisure.  
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2.12.3 Appendix 2C 

The expressions used to determine the sign of the changes in exogenous parameters.  

Table 2.1A: Comparative Static Expressions 

Derivative  Expression Derivative  Expression 
𝑑ℎ𝑚

𝑑𝛽𝑚
  

𝛿𝑚𝑦𝑓𝑓

𝐷
  

𝑑ℎ𝑚

𝑑𝜑
  

𝑦𝑚𝑓 𝑦𝑓𝜑−𝑦𝑓𝑓𝑦𝑚𝜑

𝐷
  

𝑑ℎ𝑓

𝑑𝛽𝑚
  

−𝛿𝑚𝑦𝑓𝑚

𝐷
  

𝑑ℎ𝑓

𝑑𝜑
  

𝑦𝑓𝑚𝑦𝑚𝜑−𝑦𝑚𝑚𝑦𝑓𝜑

𝐷
  

𝑑ℎ𝑚

𝑑𝛽𝑓
  −𝛿𝑓𝑦𝑚𝑓

𝐷
  

𝑑𝑦

𝑑𝛽𝑚
  

𝑦𝑚 [𝛿𝑚𝑦𝑓𝑓] + 𝑦𝑓 [−𝛿𝑚𝑦𝑓𝑚] 

𝐷
  

𝑑ℎ𝑓

𝑑𝛽𝑓
  

𝛿𝑓𝑦𝑚𝑚

𝐷
  

𝑑𝑦

𝑑𝛽𝑓
  

𝑦𝑚 [−𝜎𝑓𝑦𝑚𝑓 ] + [𝜎𝑓𝑦𝑚𝑚]

𝐷
  

𝑑ℎ𝑚

𝑑𝜆
  

𝑦𝑓𝑓𝜙𝑚−𝑦𝑚𝑓𝜙𝑓

𝐷
  

𝑑𝑦

𝑑𝜆
  

𝑦𝑚 [𝑦𝑓𝑓𝜙𝑚−𝑦𝑚𝑓𝜙𝑓 ] + 𝑦𝑓 [𝑦𝑚𝑚𝜙𝑓−𝑦𝑓𝑚𝜙𝑚]

𝐷
   

𝑑ℎ𝑓

𝑑𝜆
  

𝑦𝑚𝑚𝜙𝑓−𝑦𝑓𝑚𝜙𝑚

𝐷
  

𝑑𝑦

𝑑𝑠
  

𝑦𝑚 [𝑦𝑓𝑓𝜃𝑚−𝑦𝑚𝑓𝜃𝑓 ] + 𝑦𝑓  [𝑦𝑚𝑚𝜃𝑓 −𝑦𝑓𝑚𝜃𝑚]

𝐷
  

𝑑ℎ𝑚

𝑑𝑠
  

𝑦𝑓𝑓𝜃𝑚−𝑦𝑚𝑓𝜃𝑓

𝐷
  

𝑑𝑦

𝑑𝜑
  

𝑦𝑚 [𝑦𝑚𝑓𝑦𝑓𝜑−𝑦𝑓𝑓𝑦𝑚𝜑]+ 𝑦𝑓  [𝑦𝑓𝑚𝑦𝑚𝜑−𝑦𝑚𝑚𝑦𝑓𝜑]

𝐷
 + 𝑦𝜑 

𝑑ℎ𝑓

𝑑𝑠
  

𝑦𝑚𝑚𝜃𝑓 −𝑦𝑓𝑚𝜃𝑚

𝐷
    

Sources: Author’s calculations. Note: 𝐷 = 𝑦𝑚𝑚𝑦𝑓𝑓 − 𝑦𝑚𝑓𝑦𝑓𝑚 > 0. 

Table 2.2A: Parameter Expressions 

Derivative  Expression Derivative  Expression Derivative  Expression 

𝜙𝑚  
𝛽𝑚(1−𝑠)

[1+𝑠 (𝜆−1)]2
> 0  𝛿𝑚  

𝜆

[1+𝑠 (𝜆−1)]
> 0  𝜃𝑚  

−𝜆2𝛽𝑚

[1+𝑠 (𝜆−1)]2
< 0  

𝜙𝑓  
−𝛽𝑓 𝑠

[1+𝑠 (𝜆−1)]2
< 0  𝛿𝑓  

1

[1+𝑠 (𝜆−1)]
> 0  𝜃𝑓   

−𝜆𝛽𝑓

[1+𝑠 (𝜆−1)]2
< 0  

Sources: Author’s calculations. 
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Chapter 3  

Factors influencing the adoption and continued use of conservation agriculture in 

Zimbabwe.  

Abstract  

Adoption of conservation agriculture (CA) is expected to improve productivity among 

smallholder farmers and contribute towards reducing food insecurity in Africa. Despite its 

potential, the uptake of CA technique remains low. Adoption studies, which focus on farm and 

household characteristics, report mixed findings on the reasons for the low adoption. This study 

contributes to the ongoing research on CA adoption by treating CA as an divisible technique. 

The analysis splits CA into three components, namely, minimum disturbance, crop rotation and 

mulching, and then examines factors affecting adoption of each component, paying attention to 

social norms. Access to social advice, peer effects, perceptions on tenure security, and gender of 

the decision maker are used to make inferences about social norms. The results show that 

farmers do not adopt all components at the same time or to the same degree. Factors such as 

social advice and peer effects have a negative impact on the adoption of mulching but are 

relatively unimportant in influencing crop rotation. Households with male-decision-makers are 

less likely to adopt mulching. The effects of social norms suggest there is a need to de sign 

technologies that align with local settings.  

Key words: Conservation agriculture, smallholder farmers, adoption, social norms, peer effects.  
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3.1 Introduction  

Ensuring food security is a priority for governments and development agencies in developing 

countries. Since smallholder farmers play an important role in providing food in these countries, 

there has been an emphasis on improving their productivity (FAO, 2021; Lee & Gambiza, 2022). 

Strategies such as the promotion of new technologies and the use of improved farming 

techniques are viewed as practical and effective solutions to increasing productivity (De Janvry 

& Sadoulet, 2016; Feder, Just, & Zilberman, 1985; Glover, Sumberg, & Andersson, 2016). 

Conservation agriculture (CA) is one such technique (Lee & Gambiza, 2022; Mupangwa, 

Mutenje, Thierfelder, & Nyagumbo, 2017).  

The CA technique was developed in Canada and the United States among commercial farmers in 

the 1930s to address the problem of soil erosion; it then spread to other countries such as Brazil, 

Australia and New Zealand (Farooq & Siddique, 2015; Fuglie & Kascak, 2001; Giller et al., 

2015)  CA has had a positive effect, particularly in Canada and the United States; it has reduced 

soil erosion, increased organic matter, lowered fuel use, and improved biodiversity (Ward, 

Smith, Shaw, Haak, & Fredette, 2010). 

CA proponents believe the technique could address soil degradation, poor yields, and low input 

use among smallholder farmers in developing countries. Consequently, CA has received a lot of 

attention in the past two decades in most parts of Africa (Bell, Cheek, Mataya, & Ward, 2018; 

Farooq & Siddique, 2015; Lee & Gambiza, 2022). CA, as it is practiced in sub-Saharan Africa, is 

based on three principles, namely, minimum disturbance, crop rotation or diversification, and 

soil cover (Bell et al., 2018; Giller, Witter, Corbeels, & Tittonell, 2009). In Zimbabwe, CA 

among smallholder farmers was promoted mostly by NGOs as a manual technique using hand 

and hoe (Mazvimavi & Twomlow, 2009). The adoption and use of CA was and is still expected 

to help in addressing food insecurity among smallholder farmers (Giller et al., 2015). In addition, 

researchers consider CA as a climate smart technique that will help farmers respond to climate 

variability (Lee & Gambiza, 2022; Sims & Heney, 2017). 

Despite the potential of CA, its uptake among smallholder farmers in Africa remains low 

(Mupangwa et al., 2017). Kassam, Friedrich, and Derpsch (2019) reports that approximately 
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1.13% of the arable land in Africa is under CA. This is very low when compared to 63.2%, 

45.4% and 28.1% that is reported in South America, Oceania (Australia and New Zealand), and 

North America, respectively (Kassam et al., 2019). Despite the low rate of adoption, 

governments and NGOs are still channeling resources towards CA promotion (Giller et al., 2015; 

Lee & Gambiza, 2022)  

The empirical studies that have examined CA adoption usually rely on a profit maximization 

assumption and use farm and household characteristics to explain adoption patterns (Andersson 

& D'Souza, 2014; Liu, Bruins, & Heberling, 2018; Ramirez, 2013; Weersink & Fulton, 2020) . 

The emphasis in these studies is usually put on farm and household characteristics , with mixed 

findings reported on their influence. Scoping reviews by Knowler and Bradshaw (2007) and 

Andersson and D'Souza (2014) highlight that the factors influencing adoption are inconsistent, 

an indication that there may be other factors that interact with economic variables which are 

being missed in the analysis.  

Relying solely on economic factors does not give a comprehensive understanding of adoption 

(Weersink & Fulton, 2020). For instance, social norms may determine what is viewed as 

acceptable within a community; hence, they can either promote or hinder adoption. This view is 

important when considering smallholder farmers in Africa who operate under communal 

settings, characterized by ill-defined property rights. Farmers under communal settings are 

interdependent and do not make decisions separately but must consult and negotiate with other 

farmers (Ramirez, 2013). Therefore, the views and beliefs held by the community are expected 

to affect decision-making more than they otherwise would if individuals had a complete set of 

rights to land. 

In addition, studies that examine CA adoption treat the technique as indivisible, where farmers 

adopt all of the constituent components at the same time. However, it is possible for components 

to be adopted at different times and affected by different factors (Glover et al., 2016; Lee & 

Gambiza, 2022; Mazvimavi & Twomlow, 2009). Furthermore, adoption is a process and farmers 

pass through different stages (Rodgers, 1983; Weersink & Fulton, 2020; Xiong, Payne, & 

Kinsella, 2016). The factors that affect adoption likely differ across these stages (Feder & Umali, 

1993). For instance, Weersink and Fulton (2020) argue that social norms might be important in 
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early stages of adoption, while economic factors might be more important in later stages of 

adoption. The implication of such dynamics has not been explored in the context of CA 

adoption. 

The objective of this study is to investigate the factors that influence adoption of each CA 

component using a social norms lens. To achieve this objective, the study uses access to social 

advice, peer effects, perceptions on tenure security, and gender of the decision maker as proxies 

for social norms and examines how they affect adoption. Furthermore, this study treats CA as a 

divisible technique with three components – specifically minimum disturbance, mulching, and 

crop rotation – to capture the possibilities of partial adoption. By combining these two features it 

is possible to investigate how social norms affect the adoption of different components of CA. 

The study also examines factors that determine the continuity of CA adoption.  

The results show that farmers partially adopt CA, with each of the three components having a 

different adoption pattern. A substantial majority of the farmers (72%) adopted the minimum 

disturbance component (basins), while only a few adopted mulching (soil-cover) (9%). Slightly 

over half of the farmers (57%) adopted crop rotation. The results also show that the three 

components are affected by different factors. Social advice and peer effects had a negative effect 

on mulching but did not have a significant influence on the implementation of crop rotation. 

Males are less likely to adopt the mulching. These results suggest that mulching does not align 

well with local social settings. 

The results imply that there is need to understand social norms when designing CA interventions. 

In this regard, it is important for researchers and policymakers to understand the values and 

beliefs of the communities and what activities are considered acceptable. If unheeded, these 

social norms might undermine adoption, particularly if farmers feel the solutions are imposed on 

them and are not aligned with their social settings.  

The next section presents the literature review and highlights how social norms affect technology 

adoption. The paper then presents the conceptual framework which discusses the different 

adoption stages. The data sources and the analytic approach used in this study are outlined in the 
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methods section, followed by the presentation of results. The paper concludes by presenting 

implications and recommendations. 

3.2 Literature Review 

3.2.1 Adoption of agricultural technologies 

The adoption of agricultural technology has been key to the transformation of agriculture over 

the last 150 years through improving productivity, enhancing efficiency, and attaining 

sustainability (De Janvry & Sadoulet, 2016; Feder et al., 1985; Feder & Umali, 1993; Glover et 

al., 2016). As a result, a considerable amount of research has been undertaken on adoption.  

Early research by authors such as Griliches (1957) focused on the importance of economic 

factors in explaining adoption. Feder et al. (1985) and Feder and Umali (1993) discussed the 

possibility of partial adoption, indicating that technology can be implemented on a portion of the 

farm and that farmers decide on both adoption and the extent of adoption. The research has also 

recognized that social and cultural factors can play an important role in adoption (Pannell et al., 

2006; Rodgers, 1983; Xiong et al., 2016).  

It has long been recognized that adoption is a process involving different stages: awareness, non -

trial evaluation, trial evaluation, adoption, review, and modification, and dis-adoption (Pannell et 

al., 2006; Rodgers, 1983). Weersink and Fulton (2020) argue that the importance of economic 

factors versus cultural and social factors is likely to differ across stages.  

Glover et al. (2016) suggest that the adoption literature has paid less attention to situations where 

technology is tried out and then abandoned, or to situations where a technology is modified or 

only part of the technology is adopted.  

3.2.2 Rational for CA Promotion  

CA has a long history in developed countries, dating back to as early as the 1930s (Farooq & 

Siddique, 2015; Fuglie & Kascak, 2001; Giller et al., 2015). The technology was introduced 

among commercial farmers in Canada and the United States as a way of addressing lan d 

degradation that emanated from wind erosion (Giller et al., 2015; Kassam et al., 2019). CA was 
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embraced by farmers owing to its ability to preserve the environment. In addition, other cost 

reduction benefits such as savings on fuel and labour made CA attractive (Sattler & Nagel, 2010; 

Ward et al., 2010). The technique was coupled with technological advancement, the use of 

fertilizers to improve yields, and the use of herbicides to control weeds (Giller et al., 2015). To 

further push uptake, the governments introduced polices that were biased towards CA but left 

farmers with considerable control over their programs (Bradely, 2010; Fuglie & Kascak, 2001). 

Similar approaches to promoting CA were used in other countries, such as Brazil, Australia and 

New Zealand (Farooq & Siddique, 2015).  

Contrary to the experience in developed countries, CA has not been  a farmer-led initiative in 

most African countries. The technique was promoted by technocrats as a way of solving 

productivity challenges faced by smallholder farmers. In Zimbabwe, starting in the 2003/2004 

cropping season,7 NGOs took the lead in promoting CA as a hand hoe technique among 

smallholders (Marongwe et al., 2011; Mazvimavi & Twomlow, 2009). The government later 

complemented the NGOs’ efforts. Even though there have been considerable efforts to promote 

the use of CA techniques, CA policy remains unclear (Marongwe, Nyagumbo, Kwazira, Kassam, 

& Friedrich, 2012). Adoption levels are disappointingly low despite the claimed benefits 

associated with CA and its success in developed countries (Farooq & Siddique, 2015; Giller et 

al., 2015; Kassam et al., 2019; Mupangwa et al., 2017). 

The view that CA could have similar impacts to those observed in developed countries overlooks 

the differences that exist between these countries. As can be seen in Table 3.1, there are 

considerable differences in terms of the technology that is used, the type and level of input use, 

land tenure, type of farmer, and origin of the technique. While the technology itself (i.e., 

mechanization and use of fertilizers) determines profitability, the institutions (both formal and 

informal) determine how benefits and cost are shared. In this regard, social norms are important, 

since they determine what is permissible, dictate how roles are allocated, and shape how benefits 

and costs of adopting CA are distributed among smallholder farmers (Ostrom, 1986; Weersink & 

Fulton, 2020). This study sheds light on the role of social norms. For instance, farmers under 

 
7 In Zimbabwe, some form of CA can be traced back as far as the 1980s but during that period the technique was not 

promoted nationally and was not standardized (Marongwe et al., 2011).  
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communal land tenure are more likely to be affected by social norms compared to farmers that 

own private land. 

Table 3:1: Differences between CA in developed and developing countries. 

CA in developed Countries  CA in developing countries  

Mechanized  Manual  

Use of herbicides  Limited or no use of herbicides (manual weeding) 

Use of fertilizer Limited use of fertilizer  

Use of tractors (Saving cost on fuel) No use of tractors  

Private farmland  Communal farmland 

Associated with reduced labour 

requirements 

Increased labour requirements (since it is manual) 

Business oriented, commercial 

farming 

Subsistence farming (Limited marketing of farm 

produce) 

Farmer initiative  Development agencies initiative 

Source:(Bradely, 2010; Giller et al., 2015; Mazvimavi & Twomlow, 2009; Ward et al., 2010).  

3.2.3 Studies on CA adoption 

Economists have traditionally relied on the profit maximization assumption and used economic 

factors to explain adoption (Weersink & Fulton, 2020). Likewise, most studies use household 

and farm characteristics to examine adoption of CA (Liu et al., 2018). For instance, family 

labour is used as a proxy for farm labour and land size is used as a measure of land endowment. 

The hypothesis is that farmers with an economic advantage (i.e., access to labour and land) are 

more likely to adopt technologies (Weersink & Fulton, 2020). However, several studies report 

mixed findings on the role of farm size, education, labour requirements, access to information, 

and access to inputs in influencing CA adoption (Arslan, McCarthy, Lipper, Asfaw, & Cattaneo, 

2014; Mazvimavi & Twomlow, 2009; Ngwira, Johnsen, Aune, Mekuria, & Thierfelder, 2014; 

Pedzisa, Rugube, Winter-Nelson, Baylis, & Mazvimavi, 2015; Shiferaw & Holden, 1998). These 

mixed results imply that there are other factors that are being missed in the analysis .  

In addition, the standard approach used in most empirical studies treats CA as an indivisible 

technique which farmers either adopt or do not adopt. This approach is problematic because 

farmers can treat CA as divisible. For example, a famer can decide to implement only one 

component instead of all three, or a farmer can decide to try all three components and then drop 
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some of the components after a few years (Feder et al., 1985; Glover et al., 2016; Lee & 

Gambiza, 2022). Despite these possibilities, little attention has been channeled towards assessing 

the possibilities of partial adoption and in examining factors that influence the adoption of each 

CA component.  

Researchers seem to agree that all three components must be implemented simultaneously to 

attain the highest benefit of CA (Kassam et al., 2019; Lee & Gambiza, 2022). The agronomic 

study by Kodzwa, Gotosa, and Nyamangara, (2020) shows that yields were highest when all 

three components were implemented. However, there is no consensus on the impact of partial 

adoption. Some researchers argue that implementing reduced tillage without crop rotation and 

mulching could have undesirable results (Giller et al., 2015). Kodzwa et al. (2020) suggest that 

the importance (impact) of each CA component varies, with mulching having the greatest impact 

on yield. There is limited knowledge of the economic implications of partial adoption. Given the 

likelihood of having partial adoption, more research that dismantles CA like the approach used 

by Kodzwa et al. (2020) is required.   

Though this study does not measure the benefits associated with partial adoption, it sheds some 

light on the prevalence of partial adoption and examines how economic factors and social norms 

influence the adoption of each component. 

3.2.4 The Role of Social Norms 

3.2.4.1 CA and Historical Events 

Alesina, Giuliano, and Nunn (2013) highlight that norms develop from historic events, and that 

once established, tend to be sticky and difficult to alter. This is true for conventional farming 

methods that are practiced in Zimbabwe and other parts of Africa. Over the years, conventional 

farming methods, such as the use of ox-drawn ploughs, were encouraged as acceptable and best 

practice among smallholder farmers in Africa. Farmers had embraced the use of the ox -drawn 

mouldboard plough despite it not being accessible to all households. The technique was viewed 

as efficient, requiring less labour, with men usually showing preference in controlling the plough 

during land preparation (Alesina et al., 2013; Wekesah, Mutua, & Izugbara, 2019).  In addition 

to requiring less labour, public extension emphasized tilling the land using the ox-drawn 

mouldboard plough as a way of controlling weeds (Giller et al., 2015). Winter ploughing was 
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also encouraged as a way of managing moisture. During weeding, some farmers would use ox -

drawn cultivators, with women doing most of the manual weeding using hand and hoe 

(Farnworth et al., 2016; Wekesah et al., 2019). As a result, it became the norm in most of parts of 

rural Africa for males to assume the role of controlling the ox-drawn implements, while females 

were responsible for most of the manual work (Alesina et al., 2013; Farnworth et al., 2016; 

Wekesah et al., 2019). 

The introduction of manual CA (using hand and hoe) requires farmers to disregard the social 

norms and beliefs that had been established over the years. Several challenges exist in altering 

these norms. The first is the need to convince farmers that the technique they viewed as the best 

farming practice for years is not good for the environment. The second is the need to convince 

men to abandon the plough and join women in digging planting basins (Wekesah et al., 2019). 

The latter poses questions on appropriateness and attractiveness of the technique (Mupangwa et 

al., 2017). Even if it is economically beneficial to adopt CA, social norms could hinder its 

uptake. If CA practices do not align with the norms, innovative farmers could find it socially 

costly to deviate from the norms and adopt CA (Akerlof & Kranton, 2000) The differences in 

social settings might partly explain the differences in success of  CA between developed and 

developing countries.  

3.2.4.2 CA and Communal Tenure System  

Proponents of CA emphasize that soil must be permanently covered. Achieving this outcome is 

often difficult for communal farmers who do not have exclusive rights to their farms throughout 

the year. For instance, in Zimbabwe, farmers have exclusive rights during summer and livestock 

is prevented from consuming crops. After harvest, exclusive rights cease to apply and farms are 

treated as common property, enabling livestock to freely roam around fields and graze the crop 

residues (Homann-Kee Tui et al., 2015; Kunzekweguta, Rich, & Lyne, 2017). Boundaries that 

are imposed using fences on main fields are not recognized during winter; hence farmers cannot 

get compensation if livestock destroy these fences.  

Indeed, because of the seasonality of boundaries, there is little incentive for farmers to invest in 

fencing. Traditionally, those who erect fences usually use local materials such as leafy tree stalks 

(small tree branches) (Homann-Kee Tui et al., 2015). The enforcement of laws discouraging 
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deforestation has further discouraged fencing. Owing to both economic and social costs, there is 

limited use of durable fences such as barbed wire or chain fence.  

3.2.4.3 Peer Effects and Social Advice  

In addition, farmers operating under the communal system rarely make independent decisions; 

instead, they consult, negotiate, and possibly incorporate neighbours’ views (Ramirez, 2013). 

This interdependence can influence the decision to adopt and the decision to continue using the 

adopted technology. For instance, the need to negotiate with neighbours might mean that 

neighbours’ views matter (Pannell et al., 2006). The dynamics associated with social norms are 

discussed in social circles and their implications might not be obvious to outsiders. In this regard, 

access to social advice and peer effects might reflect these social norms (Mwangi & Kariuki, 

2015; Pannell et al., 2006). The direction of the influence of social norms can be either negative 

or positive (Bandiera & Rasul, 2006; Xiong et al., 2016).  

Realizing that economically profitable technologies are not being sufficiently adopted, 

researchers are putting more emphasis on understanding the role of social norms. This study adds 

to the growing literature. Crudeli, Mancinelli, Mazzanti, and Pitoro (2022), Liu et al. (2018) and 

Perry et al. (2021) examine how social norms affect the adoption of conservation practices and 

technologies. The studies highlight that social norm play an important role in the adoption 

process but also acknowledge the shortcomings associated with empirical estimation of so cial 

norms. Liu et al 2018 indicate that studies that assess social norms use proxies such as social 

conformity, neighbour’s acceptance, and support from friends and family. The authors argue that 

farmers could be deriving utility from social conformity or being pressured by community. 

Crudeli et al. (2022) emphasize the concept of peer approval. The authors suggest that an 

individual who seeks peer approval desires to be viewed as a “good farmer.” They argue that in 

some developing countries, a good farmer is viewed as someone who cares for others and is not 

necessarily a highly productive farmer. Such social constructs imply that farmers would be 

unlikely to adopt a technology that does not fit with what “good farmers” do. 
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This study contributes to the growing literature on CA adoption by disaggregating CA into its 

three main components and examining the factors that influence the adoption of each component 

while paying attention to social norms. The study also examines the factors influencing 

continued use of the technique.   

3.3 Conceptual Framework  

Following the work of Rodgers (1983), Pannell et al. (2006), Xiong et al. (2016), and Weersink 

and Fulton (2020), the adoption process is understood to have different stages, with different 

factors at play in each stage. Adoption tends to follow a sigmoidal or S-shaped pattern. In early 

stages, a few farmers – the innovators – try the technology, then more farmers join in the 

intermediate stage after seeing how the technology performs. In the last stage, the laggards join 

(Weersink & Fulton, 2020). 

The first stage of adoption is awareness (Liu et al., 2018; Pannell et al., 2006; Weersink & 

Fulton, 2020; Xiong et al., 2016). The information about a new technology can be delivered 

using different channels (Ramirez, 2013). The effectiveness of the channel used in providing 

information depends on several factors, including social settings and the target population (Liu et 

al., 2018). In areas where formal systems malfunction or are inefficient, informal channels 

become important in spreading information. The lack of formal systems, such as public 

extension, leads to an overreliance on social interactions as a way of spread ing information. This 

is true for Zimbabwe, where formal channels are usually resource constrained (Machila, Lyne, & 

Nuthall, 2015). Given the constraints faced by the formal channels, individuals are expected to 

learn from others through social interactions.  

CA extension was mostly provided by NGOs during CA’s initial introduction (Marongwe et al., 

2011; Mazvimavi & Twomlow, 2009). Although there was some form of partnership with public 

extension, the degree of their involvement and knowledge transferred to public extension officers 

varied across the country and largely depended on the approach used by the NGOs. In some 

cases, the public extension officers’ knowledge of CA was limited, thus weakening the role they 

played in providing technical support to farmers (Homann-Kee Tui et al., 2015; Machila et al., 

2015). In the absence of effective extension services, farmers updated their knowledge through 
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social interactions and learning by doing (Ramirez, 2013). Information about the new technology 

might diffuse among farmers as they interact. Consequently, farmers are likely to influence one 

another. 

When a technology is introduced, risk takers are likely to adopt after obtaining the awareness 

information (Xiong et al., 2016). However, when the information effect is not strong enough to 

influence adoption, farmers will delay adoption while seeking to improve their knowledge 

through trial evaluation (Weersink & Fulton, 2020). This occurs when farmers wait until other 

farmers have tried the technology. Individuals will be hoping to obtain more detailed information 

through observing the performance of the technology. Trial evaluation tends to be more reliable 

than general awareness information, since the former tends to be specific to local conditions 

(Pannell et al., 2006). This is different from observing controlled trials which are well managed 

and carefully implemented and usually fail to mimic actual farmer practice (Deaton, 2010). 

 

 

 

 

 

 

Figure 3:1:Adoption of a technology. 

Note: The solid line represents cumulative adoption, while the dotted line represents dis-

adoption. Source: Modified graph adopted from (Xiong et al., 2016). 

Under the experience effect, farmers can get information that is relevant to their area and 

applicable to real farmer practice, thus enabling them to make better judgements about the 

appropriateness of the technology. However, several factors such as money , time, information, 

and cognitive capacity limit farmers’ ability to accurately evaluate a new technology. Given their 
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limitations, farmers develop heuristics which they use in making decisions. For example, if a 

concept works for farmer X, then it will be assumed to work for farmer Y. Developing new 

heuristics is cognitively costly and socially costly if it means deviating from the norms 

(Weersink & Fulton, 2020). 

Not all technologies are successfully adopted; some technologies fail after being tried. The  

performance of the new knowledge determines whether farmers continue using the technology or 

not. Technologies that are deemed inappropriate or do not seem to yield adequate benefits are 

more likely to be abandoned (Pannell & Claassen, 2020; Pannell et al., 2006). The graph in 

Figure 3.1 shows the direction that is likely to be followed by a technology after being 

introduced. The solid line shows the path followed by a successful technology, while the dotted 

line shows the path taken by a failed technology.  

Stage A is comprised of early adopters (usually innovative farmers) who are able to try the 

technology after receiving the awareness and cost–benefit information. At early stages of 

adoption, few farmers adopt (try) the technology.  

In stage B (intermediate stage), farmers may use both the awareness information and trial 

evaluation (experiments) to make decisions. The failure or success of the technology is likely to 

be determined at this stage. In addition, the effects of social norms have the potential to be quite 

large. For example, if social norms deter all innovators from adopting the technology, adoption 

will not spread even if it is economically advantageous.  

In stage C (late stage), awareness information, experience and externalities influence ad option 

and continued use of the technology. There is less likelihood of technology failure at this stage. 

While social factors are less important, social acceptance still affects the continued use of the 

technology. 

This study contributes to the literature by assessing how social norms affect adoption of CA 

components. Given that CA is based on three principles (minimum disturbance, crop rotation and 

mulching) and farmers are likely to treat the technology as divisible, each component is more 

likely to follow a different adoption path. For example, it is possible for minimum disturbance to 

follow the solid line while the other two components (crop rotation and mulch) follow the dotted 
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line. Furthermore, the adoption of each component could be affected by dif ferent factors. Social 

norms might have a different impact on each component. This study is not able to assess the 

factors that are at play in all stages but examines what determines the decision to try CA 

components and the decision to dis-adopt.  

3.4 Methods 

3.4.1 Data sources 

This study uses cross-sectional data to assess how social norms affect adoption. The data used in 

this study were elicited from 237 farmers from ward 14 in the Masvingo district of Zimbabwe 

(Table 3.2). Data were collected in 2015 between October and November as part of a research 

project conducted at Lincoln University, New Zealand. A multistage sampling technique was 

used to select a representative sample of smallholder farmers. The first stage involved the 

selection of three villages from the population of nine villages in the study area. The villages 

were selected with probability proportionate to size. This method of sampling accounts for 

differences in the size of villages. Within each selected village, the population of smallholders 

was listed, and a random sample was drawn from each list using a constant sampling rate (see 

appendix). This sampling approach generates a representative sample that can be analyzed as if it 

were a simple random sample as it assigns equal probability of selection to all smallholders in 

the study area.  

Table 3:2: CA adoption study – Overview of the data sample. 

Sampled villages Ward population 

(Households) 

Sample size Usable 

questionnaires 

Zano 160 64 63 

Rukovo 135 54 52 

Mudare 305 122 122 

Total 597 240 237 

Source: Household list obtained by author from the ward councilor.  

A structured questionnaire was used in personal interviews with household heads to gather 

information on household and farm characteristics, including age, gender, and education of the 

main decision-maker, family size, land size, and technique used. Information on variables such 
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as, peer effects, access to social advice, and perceptions on tenure security were also captured. 

The description of key variables is provided in Table 3.3.  

Table 3:3: CA Adoption Study -- Description of key variables. 

Variable  Description 

Total household size Total number of people permanently staying at a homestead  

Total family labour Total number of household members who indicated that they 

actively contribute towards farm work 

Household head (dummy) A dummy variable taking the value of 1 if de jure household 

head is male, otherwise 0. 

Male decision maker 

(dummy) 

A dummy variable having the value of 1 if the key decision 

maker is male, otherwise 0. This is different from the 

household head 

Farming experience (years) Number of years the household head has been practicing 

farming. 

Livestock unit  A measure of livestock owned; the index assigns weights to 

livestock owned by farmers. The weights are 0.7 for cattle, 0.1 

for goats and sheep 

Interaction with NGO 

(dummy) 

A dummy variable taking the value of 1 for farmers who once 

interacted with NGOs, otherwise 0. NGOs provided both free 

inputs and technical support to some farmers. 

Social advice (dummy) A dummy variable taking value of 1 for farmers who received 

agricultural advice from social circles such as friends and 

relatives, otherwise 0. 

Peer effects (dummy) A dummy variable taking the value of 1 for farmers who 

indicated that they required support from friends and 

neighbours to try new technologies, otherwise 0. 

Perception of tenure security 

(dummy) 

A dummy variable taking the value of 1 for farmers who 

indicated that they could do farming activities anytime without 

concern that cattle will destroy their crops, otherwise 0. 

The questionnaire also captured information that is used to track adoption of CA components. In 

the study area, CA was actively promoted in the 2003/2004 cropping season, and this study was 

conducted in 2015, giving a span of 12 years. At the time when this  study was conducted, 

farmers had either adopted, dis-adopted, or not adopted CA technique. This made it possible to 

collect information on adoption status. Farmers who had tried the technique indicated which 

component they tried, which year they first tried the component, and whether they are still 
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practicing the component. If they had dis-adopted, they provided the year in which they stopped 

practicing the component. 

3.4.1.1 Variables measuring social norms. 

The key variables of interest in this study are the gender of the decision maker, social advice, 

peer effects, and perception of tenure security. As indicated in Table 3.3, farmers were asked 

whether they received agricultural advice from social sources (for instance, friends and 

relatives). For peer effects, farmers were asked whether they require support from friends or 

neighbours to try new technologies. Regarding tenure security, farmers were asked whether they 

can do farm activities at any time, without concern that cattle will damage their crops.  

The variable on peer effects captures a component of social norms in that those who care about 

conformity would need neighbors’ acceptance or would want to do what others are doing (Lui et 

al., 2018, Crudeli at al., 2022). In this regard, peer support could be more important to those who 

want to conform to social norms. The variable on actual receipt of advice from social circles 

captures the source of information and the possibility of being influenced by others in social 

circles (Lui et al., 2018). The variable for peer effects and the variable for social advice differ in 

that the former is based on perceptions and measures the likelihood of being influenced by local 

norms while the latter captures the impact of actually receiving information from social sources. 

One limitation of these two variables is that they could be measuring two things, social norms 

and the effect of learning from others. This impact cannot be separated but at the least, the 

variables reflect the social process, either through learning from others or through being 

compelled to follow local beliefs (Perry et al., 2021).  

3.4.2 Farm and household characteristics  

Table 3.4 shows the descriptive statistics for the variables used in this study. The statistics 

presented show that male and female-headed households differ in many ways. Male-headed 

households are larger and have more labour. Having more labour gives farmers an advantage 

when they adopt a labour-intensive technique. The male heads are younger and more educated 

than female heads. Education is usually associated with better cognitive capacities, which is 

important when evaluating information and making decision on adoption.  
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Farmers were asked about the main decision-maker regarding agricultural activities. Overall, 

males are the decision-makers in 51% of the households. There are instances where male-heads 

migrate to other places to seek off -farm work, leaving their spouse to manage all agricultural 

activities, in such instances, the de facto household head becomes responsible for making 

decisions. On the other hand, it is possible to have a male (usually adult male child) as the 

decision-maker under the female-headed household (6%). The decision-makers under male-

headed households are more educated than decision-makers under female-headed households. 

Characteristics of the decision-maker can have an impact on the uptake of technologies. For 

instances, males might have a preference for technologies that use ox-drawn farm implements as 

they align with the norms (Alesina et al., 2013)  

Female heads have more farming experience (29.94 years) than male heads (17.66 years). This 

difference is likely related to age differences given that female heads are older than male heads. 

The impact of farm experience on adoption is ambiguous. Farm experience can improve farmers’ 

knowledge, helping them to make informed decisions about new technologies and thus can be 

positively related to adoption. On the contrary, more experienced farmers could prefer holding 

on to technologies they are used to and become reluctant to try new ones.  

As expected, male-headed households have larger farms (1.68 hectares) than female-headed 

households (1.34 hectares). Land endowment, together with labour, are expected to give an 

economic advantage to male-headed households. If adoption solely relied on economic factors, 

then higher adoption rates would be expected for male-headed households.  

Most of the fields are not fenced. Only 10% of the interviewed farmers indicated they had some 

form of fencing and there is no statistical difference in this variable between male and female-

headed households. As noted in the literature review, social norms discourage farmers from 

fencing their fields. During winter, farms are usually treated as common property, allowing 

livestock to freely roam in the fields.  

Less than half the households (43%) indicated they own an ox-drawn plough, and there is no 

significant difference between male and female-headed households in this regard. The lack of 

farming equipment is stated as one of the reasons for promoting CA as a manual technique 
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(Mazvimavi and Twomlow 2009). Male-headed households have more livestock compared to 

female-headed households; thus, they have better access to draft power compared to female -

headed households.  

Table 3:4: Household and farm characteristics. 

Variable  All 

households 

Standard 

deviation  

Male-

headed 

household  

Female-

headed 

household  

Difference 

Total household size 5.40 (2.46) 5.74 4.61 1.13*** 

Total family labour 3.63 (1.81) 3.83 3.15 0.67*** 

Age of household head (years) 50.76 (16.49) 47.20 59.07 -11.87*** 

Education of household head (years) 7.46 (3.46) 8.61 4.75 3.87*** 

Male decision-maker (dummy) 0.51 (0.50) 0.70 0.06 0.64*** 

Education of decision-maker (years) 7.41 (3.53) 8.55 4.75 3.80*** 

Farming experience (years) 21.34 (15.65) 17.66 29.94 -12.28*** 

Total arable land in hectares 1.58 (0.95) 1.68 1.34 0.344*** 

Fenced field (dummy) 0.10 (0.30) 0.11 0.07 0.04 

Ownership of mouldboard plough 0.43 (0.50) 0.45 0.41 0.04 

Livestock unit8  2.21 (3.07) 2.50 1.56 0.94** 

Distance to extension office (km) 5.99 (4.52) 6.31 5.23 1.08** 

Interaction with NGO (dummy) 0.56 (0.50) 0.56 0.56 0 

Social advice (dummy) 0.62 (0.49) 0.60 0.68 -0.07 

Peer effects (Neighbours) (dummy) 0.91 (0.28) 0.90 0.93 -0.03 

Perception on tenure security (dummy) 0.11 (0.31) 0.11 0.11 0 

Number of observations 237  166 71  

Sources: Author’s calculations based on household survey data. 

On average, female-headed households were closer to public extension offices (5.23 km) 

compared to male-headed households (6.31 km) (Table 3.4). Distance to extension offices is 

used as a proxy for access to extension services. Farmers who are located farther from extension 

office are less likely to access extension services. While NGOs were no longer actively 

promoting CA at the time of the study, farmers were asked whether they interacted with NGOs 

in the past (during the promotion of CA). Interaction with NGOs is expected to have an impact 

on adoption because farmers were given both free inputs and technical support. On average, 56% 

 
8 The livestock unit assigns weights to livestock owned by farmers. The weights are 0.7 for cattle, 0.1 for goats and 

sheep (Janke, 1982) 
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had interacted with NGOs in the past, with no statistical difference between male and female -

headed households.  

On average, 62% indicated that they received agricultural advice from social sources (See Table 

3.3 on how the variables are measured). Most of the farmers (91%) indicated that they need 

support from their neighbour to try new technologies. Regarding tenure security, on ly 11% 

indicated that they are free to do activities anytime without being concerned about cattle. This 

suggests that farmers do not have total control of the operations they do in their fields. 

3.4.3 Measuring adoption  

Farmers are expected to make the decision to adopt the technique and the decision to continue 

using the technique. When the technique does not generate the desired benefits, the farmer can 

dis-adopt the technique. Those who chose to continue using the technique after adopting it 

follow the solid line shown in Figure 3.1. Those who chose to dis-adopt after trying the 

technique would follow the dotted line. Each component can follow a different adoption path. 

For example, a farmer might adopt the three components at different times or even adopt the  

components at the same time but chose to drop some components after trying them out. 

Alternatively, a farmer can adopt all the three components and maintain them. Some farmers can 

decide not to try the technique at all.  

As highlighted in the data sources section, farmers provided information regarding their adoption 

status, whether they had adopted, dis-adopted or not adopted any of the CA components. The 

data collected makes it possible to examine factors that influence the decision to try a specific 

component and to separately examine the factors that influence dis-adoption. Note that the focus 

on three CA techniques gives three dependent variables, one measuring adoption of minimum 

disturbance, one measuring the adoption of crop rotation and a third measuring the adoption of 

mulch. The dependent variables take the value of 1 when component is adopted, otherwise 0.  

3.4.4 Data analysis techniques  

The data analysis is done in two parts. The first part is an examination of basic descriptive 

statistics to obtain an idea of some of the relationships that exist in the data.  
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The second part is an econometric analysis that explores more fully the factors that are linked to 

technology adoption and dis-adoption. There are two aspects to this analysis. First, the factors  

that influence adoption of CA components are examined for all the sampled farmers. Second, the 

factors that influence dis-adoption are examined for a portion of farmers that once tried the CA 

components.  

The econometric model that is used is based on the assumption that farmers maximize their 

utility, which can be presented as: 

𝑈𝑘𝑖 = 𝑉𝑖(𝛽𝑋𝑖) +  𝜇𝑖          (3.1) 

where 𝑈𝑘𝑖  is the utility for farmer i associated with technology k, 𝑋𝑖  is a vector of exogenous 

variables that include proxies for social norms, farm, and household characteristics, 𝛽 is a vector 

of variables to be estimated, and 𝜇𝑖 is the error term, representing the unobservable part of the 

utility function.  

Let 𝑘 = 1 be adoption and 𝑘 = 0 be non-adoption. The probability that the farmer adopts the 

new technology is given by: 

𝑃𝑖 = 𝑃𝑟(𝑘 = 1) = 𝑃𝑟(𝑈1𝑖 > 𝑈2𝑖)        (3.2) 

3.4.4.1 Estimation technique   

The first part of the analysis uses a binary dependent variable that takes the value of 1 for 

farmers who tried a specific CA component and takes the value of 0 for farmers who did not 

adopt that component. The second part of the analysis excludes farmers who never adopted any 

of the CA components. In this case, the independent variable captures continued adoption versus 

dis-adoption, with the variable taking the value of 1 for farmers who were still using the 

components at the time when the survey was carried out and a value of 0 if they had dis-adopted 

the technology.  

The probability that a farmer adopts specific CA component can be given by estimating:  

𝑃(𝐶𝐴𝑚 = 1) = 𝑃(𝜇𝑚𝑖 < 𝛽𝑋𝑚𝑖)        (3.3) 
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𝑃(𝐶𝐴𝑐 = 1) = 𝑃(𝜇𝑐𝑖 < 𝛽𝑋𝑐𝑖)        (3.4) 

𝑃(𝐶𝐴𝑠 = 1) = 𝑃(𝜇𝑠𝑖 < 𝛽𝑋𝑠𝑖)        (3.5) 

where 𝐶𝐴𝑘 = 1 if 𝑈1𝑖 > 𝑈2𝑖  and 𝐶𝐴𝑘 = 0 if 𝑈1𝑖 < 𝑈2𝑖 . 𝐶𝐴𝑚 represent minimum disturbance, 

𝐶𝐴𝑐  is crop rotation, 𝐶𝐴𝑠 is mulching (soil cover). All other notations are defied as above.  

A probit model is used to estimate the impact of the different control variables on the three 

adoption variables. Given the nature of the problem, it is likely that the error terms in equations 

3.3, 3.4, and 3.5 are related. To account for correlation in error terms, the probit model is 

combined with the seemingly unrelated regression (SUR) technique. This technique is 

appropriate when estimating a system of equations, each having its own error term but having a 

possibility of being correlated. Another advantage of the SUR technique is that it produces 

smaller standard errors, whether the error terms are correlated or not.  

While the SUR is usually used on continuous dependent variables, it is possible to use the SUR 

on binary dependent using postestimation techniques. First, the probit model is estimated for the 

three equations, then the “suest” Stata command is used to estimate the SUR.9 The “suest” 

command combines the parameter estimates and associated variance-covariance matrix for the 

coefficients from the system of equations and uses this to produce robust standard errors. The 

results obtained from the SUR are comparable to the results of the initial probit model, but the 

SUR results have smaller standard errors. The results from the initial probit model are presented 

in appendix 3 (Table 3.3A and Table 3.4A).  

3.5 Results  

3.5.1 Descriptive statistics  

This section presents descriptive statistics to shed light on levels of adoption of each component. 

The results presented in Table 3.5 support the notion that farmers do not treat CA as an 

indivisible technique. Most of the farmers who practice CA do not adopt all the three 

components, even though they were promoted as a package. The majority of the farmers practice 

 
9  Although “suest” is technically a postestimation command, it acts likes an estimation command in that it stores the 

simultaneous coefficients and the full covariance matrix. 
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minimum disturbance (digging planting basins) and slightly over half adopted crop rotation. 

Among the three CA components, mulching had the lowest level of adoption.  

Table 3:5: Percentage of farmers implementing CA components. 

Component  Practiced component in the past Still practicing component 

 All 

households 

(%) 

Male-

headed 

(%)  

Female-

headed 

(%)  

All 

households 

(%)  

Male-

headed 

(%)  

Female-

headed 

(%)  

Minimum disturbance  86.1 83.1 93.0 71.7 67.5 81.7 

Crop rotation 60.8 59.6 63.4 56.5 56.6 56.3 

Mulching 24.5 24.7 23.9 9.3 9.6 8.5 

Observations  237 166 71 237 166 71 

Sources: Author’s calculations based on household survey data 

The data also show that some farmers discontinued using the techniques after trying them. For 

instance, 86% of the farmers tried the minimum disturbance component, but at the time of the 

survey, only 72% were still implementing this component. Mulching had the largest drop, 24.5% 

indicated that they once practiced the component, but at the time of this study, only 9.6% were 

still practicing mulching. The differences in dis-adoption rates suggest that the components take 

a different adoption path even though they were introduced at the same time. 

3.5.1.1 Uptake of CA components over time. 

The results in Table 3.5 show that the level of uptake varies across CA components. The analysis 

below examines whether the adoption pattern is the same for the three components. Figures 3.2, 

3.3 and 3.4 show the percentage of farmers that adopted a specific component over the years.  

As shown in Figure 3.2, most farmers started practicing minimum disturbance in 2004. This is 

not surprising because extensive promotion of CA was done in the 2003/2004 cropping season 

(Marongwe et al., 2011; Mazvimavi & Twomlow, 2009). There are a few farmers who started 

practicing minimum disturbance prior to 2003. This is possible given that some farmers who did 

not have access to ox-drawn plough used to prepare planting basins prior to the promotion of 

CA. However, the planting basins that were used prior to promotion of CA were slightly 

different from the planting basins that were promoted under CA (Marongwe et al., 2011). The 
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minimum disturbance principle which was promoted by NGOs emphasized that farmers should 

maintain the basin in the following cropping seasons once established (Mazvimavi & Twomlow, 

2009). After a substantial adoption in 2004 when CA promotion began, the percentage of farmers 

adopting CA each year dropped in subsequent years, reaching a low point of 3.4% of farmers in 

2007. The percentage of farmers adopting the technology rose sharply in 2008; this rise can be 

attributed to the increased NGO support in response to the economic crisis that was faced by the 

nation during that period (Josephson & Shively, 2021).  

 

Figure 3:2: Adoption of minimum disturbance over time 

As highlighted in the conceptual framework, some farmers dis-adopt the technique after trying it 

out. Farmers started dis-adopting the technique in 2005 (Figure 3:2), the percentage of dis-

adoption started increasing gradually in 2011. The red line shows the gross adoption, which is 

the total number of people who tried the technology, and the green line shows the net adoption. 

The gap between the red and green line shows dis-adoption.  

Crop rotation has a different history. Before the promotion of CA, the government, through 

public extension, encouraged farmers to practice crop rotation on their conventional plots, 

therefore, when it was introduced as part of CA, it was not a new technique per se (Marongwe et 

al., 2011). As shown in Figure 3.3, some farmers indicated that they started practicing crop 

rotation as early as the 1970s. The percentage of farmers who indicated they adopted crop 
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rotation in early years was low, with sharp increases in 1980, 1990 and 2000. These years 

coincide with the years in which Zimbabwe experienced severe droughts (Mupepi & Matsa, 

2022). The proportion of farmers who adopted crop rotation each year rose starting in 2004 when 

CA was promoted.  

Some farmers stop practicing crop rotation in 2000. The proportion of farmers dis-adopting crop 

rotation started increasing in 2007. The gap between gross adoption and net adoption started 

increasing gradually.  

 

Figure 3:3: Adoption of crop rotation over time. 

The use of mulching was a new phenomenon to farmers. A few farmers indicated they started 

practicing mulching in 2003. There was a sharp increase in the uptake of mulching in 2004 when 

CA promotion was introduced. The yearly uptake of mulching then dropped over the subsequent 

years.  

As can be seen in Figure 3.4, dis-adoption of mulching component started in 2005. Though the 

adoption rates were not consistently increasing, they are higher than the dis-adoption rates 

reported for minimum disturbance and crop rotation.  

0

20

40

60

80

100

120

0

2

4

6

8

10

12

1
9
7

0

1
9
7

2

1
97

3

1
97

8

1
9
8

0

1
98

1

1
98

2

1
9
8

3

1
9
8

5

1
98

6

1
9
8

9

1
9
9

0

1
99

2

1
99

3

1
9
9

4

1
9
9

5

1
99

6

1
9
9

7

2
0
0

0

2
00

1

2
0
0

2

2
0
0

3

2
00

4

2
00

5

2
0
0

6

2
0
0

7

2
00

8

2
0
0

9

2
0
1

0

2
01

1

2
01

2

2
0
1

3

2
0
1

4

2
01

5

c
u

m
u

la
ti

v
e
 p

e
rc

e
n
ta

g
e
 

P
e
rc

e
n

ta
g
e
 o

f 
fa

rm
e
rs

Adoption of crop rotation

Annual adoption Annual dis-adoption Gross adoption Net adoption



84 

 

 

Figure 3:4: Adoption of mulching (soil cover) over time 

The results in Figures 3.2, 3.3 and 3.4 show that most farmers adopted the CA components 

during the first years of CA promotion. One reason for this is that when CA was initially 

promoted, the NGOs provided free inputs to farmers who signed up for the technique. As shown 

in Table 3.3 above, 51% indicated that they interacted with NGOs in the past. However, over 

time, NGOs stopped providing free inputs. At the time of this study, farmers were not receiving 

support from NGOs. 

3.5.1.2 Differences in adoption rates 

One notable insight from Table 3.5 and Figures 3.2, 3.3 and 3.4 is that the adoption path differs 

across CA components, with farmers rarely adopting all three. The differences in adoption rates 

could suggest that there are variations in terms of economic or social costs or both. For example, 

it could be socially costly to adopt mulching than to adopt minimum disturbance. Perhaps 

minimum disturbance is socially acceptable, because it does not require farmers to change their 

ways of doing things compared to mulching that requires farmers to alter the norm of letting 

livestock roam around fields during winter. Besides the social cost, adoption of mulch could be 

associated with economic costs. For example, the application of mulching and preventing 

livestock from roaming in the fields during winter implies that farmers lose a portion of their 

grazing area and livestock feed (crop residues).  
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Even though studies such as Kodzwa et al. (2020) report that mulching has the greatest yield 

benefits compared to the other two components, it might be the case that the benefits are not 

large enough to cover the cost of implementing mulching. Future studies could examine the net 

benefits associated with each component (comparing the benefits and costs, including social 

costs). Covering this aspect will be a great addition to literature. The following sections shed 

some light on how the economic factors (such as land and labour) and social norms (measured by 

gender, peer effects, social advice, and tenure security) affect the adoption of CA components.  

This study does not estimate the net benefits of adopting each component but leaves this aspect 

for future research.    

3.5.1.3 . The difference between adopters and non-adopters 

This section presents the mean differences that exist between adopters and non-adopters. The t-

test is used to examine whether there are differences in farm and household characteristics and in 

the variables that are used as proxies for social norms. For minimum disturbance, differences 

exist for the gender of the decision maker, farm experience, livestock unit, distance to extension, 

and interaction with NGOs (Table 3.6). Households that did not adopt minimum disturbance 

were more likely to have a male decision maker, a result that is consistent with the observation 

that males prefer using ox-drawn implements rather than doing manual tasks (Alesina et al., 

2013; Wekesah et al., 2019). As expected, adopters had less livestock. This suggests that CA, as 

a manual technique, is attractive to farmers who do not have resources to till their land. Farmers 

who adopted minimum disturbance had more farming experience and their homesteads were 

closer to extension offices. Furthermore, adopters were more likely to interact with NGOs. 

Public extension offices and NGOs were a source of information and technical support; 

therefore, it is not surprising that adopters had better access to NGOs and extension compared to 

non-adopters.  

Farmers who adopted crop rotation had more family labour and were more likely to have a male 

decision maker. The household who adopted crop rotation also had more farming experience, 

lived closer to extension offices, and had interacted with NGOs in the past.  
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Table 3:6: Mean differences between farmers who tried CA components and those who did not try the components . 

 Minimum disturbance Crop rotation  Mulching 

Variable  Adopters  Non-

adopters  

Difference Adopters  Non-

adopters  

Difference Adopters  Non-

adopters  

Difference 

Total household size 5.41 5.33 0.08 5.37 5.45 -0.08 5.78 5.28 0.50* 

Total family labour 3.64 3.52 0.13 3.76 3.42 0.34* 3.84 3.56 0.28 

Age of household head (years) 51.25 47.70 3.55 51.82 49.12 2.70 55.57 49.20 6.37*** 

Education of household head (years) 7.39 7.88 -0.49 7.45 7.46 -0.10 7.19 7.54 -0.35 

Male decision-maker (dummy) 0.49 0.64 -0.15* 0.55 0.45 0.10* 0.41 0.54 -0.13** 

Education of decision-maker (years) 7.31 8.03 -0.72 7.45 7.35 0.10 7.36 7.43 -0.07 

Farming experience (years) 22.03 17.03 5.00** 23.22 18.42 4.80*** 29.28 18.77 10.51*** 

Total arable land in hectares 1.59 1.51 0.08 1.62 1.52 0.10 1.83 1.50 0.33*** 

Fenced field (dummy) 0.10 0.06 0.04 0.08 1.12 -0.03 0.12 0.09 0.03 

Ownership of mouldboard plough 0.42 0.52 -0.10 0.45 0.41 0.04 0.55 0.40 0.15** 

Livestock unit 1.97 3.71 -1.74*** 2.17 2.28 -0.11 2.78 2.03 0.75** 

Distance to extension office (km) 5.48 9.09 -3.61*** 5.65 6.51 -0.86* 4.41 6.50 -2.09** 

Interaction with NGO (dummy) 0.65 0 0.65*** 0.69 0.35 0.34*** 0.81 0.48 0.33*** 

Social advice (dummy) 0.63 0.61 0.02 0.62 0.63 -0.10 0.47 0.68 -0.21** 

Peer effects (Neighbours) (dummy) 0.91 0.91 0 0.90 0.92 -0.02 0.88 0.92 -0.04 

Perception on tenure security (dummy) 0.12 0.06 0.06 0.12 0.10 0.02 0.21 0.08 0.13*** 

Number of observations 204 33  144 93  58 179  

Sources: Author’s calculations. Note: ***, ** and * denotes 1%, 5% and 10% significant levels, respectively.   
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The farmers who adopted mulching had larger households and older household heads. 

Households with male decision maker were less likely to adopt mulching. Farmers who 

adopted mulching had more farming experience and more arable land. Having a larger farm 

might enable farmers to be able to spread some risk and try new techniques. Surprisingly, a 

greater percentage of adopters owned a mouldboard plough and had more livestock. 

Ownership of plough and livestock is expected to be associated with non-adoption. As with 

minimum disturbance and crop rotation, adopters lived near extension offices and interacted 

with NGOs. Differences in proxies for social norms are only statistically significant for 

mulching. Households who adopted mulching had less access to social advice, but they 

believed they had secure tenure.  

3.5.1.4 Differences between adopters and dis-adopters.  

This section presents the mean differences that exist between adopters and dis-adopters. Note 

that dis-adopters differ from the non-adopters who are discussed above (see Table 3.6) in that 

these are farmers who once tried the components and then stopped using them after some 

time. The observations for farmers who never adopted the CA components have been 

dropped from the analysis. Farmers who indicated that they are still using the CA 

components were compared with farmers who had stopped using the CA components. 

Similar to the analysis in table 3.6 above, the t-test is used to examine whether there are 

differences in farm and household characteristics and in the variables that are used as proxies 

for social norms. 

Table 3.7 shows the mean differences for the key variables. For minimum disturbance, male 

decision makers were less likely to continue using the component. Farmers who continued 

using minimum disturbance had less livestock. As expected, farmers who continued using 

minimum disturbance live close to extension offices, suggesting that it is easier for them to 

access technical advice. Farmers who indicated that they need peer support to try new 

technologies also continued using minimum disturbance.  

For crop rotation, farmers who continued this practice had larger household size, had more 

family labour, were younger, and had more education compared to dis-adopters. The decision 

makers who maintained crop rotation were more likely to be male and to have more 

education. However, they had less farming experience.   



88 

 

Table 3:7: Mean differences between adopters and dis-adopters.  

Variable Minimum disturbance Crop rotation   Mulching  

 Adopters  Non-

adopters  

Difference Adopters  Non-

adopters  

Difference Adopters  Non-

adopters  

Difference 

Total household size 5.37 5.62 -0.25 5.46 4.10 1.36** 5.82 5.75 0.07 

Total family labour 3.61 3.82 -0.21 3.85 2.55 1.30** 3.93 3.78 0.15 

Age of household head (years) 51.73 48.85 2.88 50.72 66.5 -15.78** 51.32 58.17 -6.85* 

Education of household head (years) 7.40 7.32 0.08 7.61 5.30 2.31** 8.73 6.25 2.58** 

Male decision-maker (dummy) 0.46 0.62 -0.16* 0.57 0.20 0.37** 0.45 0.38 0.07 

Education of decision-maker (years) 7.34 7.21 0.13 7.63 5.00 2.63*** 9.18 6.25 2.93** 

Farming experience (years) 22.03 20.44 1.91 22.10 38.30 -16.20*** 23.91 32.56 -8.65** 

Total arable land in hectares 1.59 1.59 0 1.62 1.39 0.25 1.73 1.90 0.17 

Fenced field (dummy) 0.10 0.11 0.13 0.08 0.10 0.02 0.18 0.08 0.10 

Ownership of mouldboard plough 0.40 0.53 0.13 0.44 0.60 0.16 0.36 0.67 -0.31** 

Livestock unit  1.18 2.78 -0.96** 2.07 3.53 -1.46 1.68 3.44 -1.76* 

Distance to extension office (km) 5.03 7.74 -2.70*** 5.76 4.20 1.56 3.35 5.06 -1.70** 

Interaction with NGO (dummy) 0.67 0.56 0.11 0.70 0.60 0.10 0.86 0.78 0.09 

Social advice (dummy) 0.62 0.65 -0.03 0.61 0.70 0.09 0.27 0.58 -0.31** 

Peer effects (Neighbours) (dummy) 0.94 0.79 0.15*** 0.90 1.0 0.10 0.77 0.94 -0.17** 

Perception on tenure security (dummy) 0.12 0.09 0.03 0.11 0.20 0.09 0.23 0.19 0.04 

Number of observations 170 34  134 10  22 26  

Sources: Author’s calculations. Note: ***, ** and * denotes 1%, 5% and 10% significant levels, respectively.  

. 
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The farmers who continued implementing mulching had younger household heads with more 

years of education, were less likely to own ploughs and livestock, and were located closer to 

extension offices. They also had less access to social advice and did not require support from 

friends to try new techniques. The decision makers for those who continued using mulching 

were more educated and were less experienced compared to those that dis-adopted.  

The descriptive statistics show that CA components have different adoption rates, an 

indication that farmers do not take CA as an indivisible technique. While some farmers 

adopted the techniques and consistently practiced them, some farmers tried the techniques 

and then dis-adopted. The next selection uses econometric techniques to investigate factors 

that explain the observed patterns of adoption and dis-adoption, with particular attention paid 

to the role of social norms. 

3.5.2 Regression results 

3.5.2.1 Factors influencing adoption of CA components.  

The descriptive statistics shed some light on the impact of the various factors on adoption 

when they are taken one at a time. However, it is important to consider all the factors together 

– this can be done through regression analysis. Since it appears that farmers treat CA as 

divisible, the data were disaggregated into three components, namely minimum disturbance, 

crop rotation and mulching. Since the three components are affected by the same set of 

factors, there is a possibility that the error terms in the three regressions are not independent. 

Thus, the seemingly unrelated regression (SUR) technique is used to estimate the models in 

equations 3.3, 3.4, and 3.5. 

In Table 3.8, Model 1 shows the factors that influence the adoption of minimum disturbance, 

Model 2 shows the factors that influence the adoption of crop rotation, and Model 3 shows 

the factors that influence adoption of mulching. The dependent variable for each component 

takes the value of 1 when the farmer practices the specific component, otherwise 0. The same 

independent variables are used across the three models. The variables used to make 

inferences about social norms are social advice, peer effect, perception of tenure systems, and 

the gender of decision-maker. Farm and household characteristics are included as control 

variables. The villages are included to control for variations in social norms that govern 

farmers (See appendix 3A, Table 3.2A for possibilities of having differences across villages).  
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Minimum disturbance 

As Table 3.8 shows, family labour is positively related to adoption of minimum disturbance. 

Given that manual CA is labour intensive compared to conventional tillage, these results 

suggest that households with more labour are more likely to adopt the technique. Some 

researchers argue that the introduction of CA as a manual technique increases the labour 

demand for women since they do most of the manual work (Wekesah et al., 2019). Moving 

towards the use of mechanized equipment and the use of herbicides could reduce labour 

requirements, particularly for women (Afridi, Bishnu, & Mahajan, 2022; Farnworth et al., 

2016; Wekesah et al., 2019). However, this may be applicable to better-off households who 

could afford to acquire equipment and herbicides. This solution might be less compelling to 

the most vulnerable households, particularly female-headed, who might fail to acquire 

mechanized equipment. For instance, Koza et al. (2019) highlighted that women are usually 

poor and do not own farm implements. Farm size is also positively related with adoption of 

minimum disturbance. The positive impact of farm size suggests that households with larger 

farms are able to spread risk and try new technologies. As expected, households with more 

livestock are less likely to adopt minimum disturbance (manual digging of planting basins). 

Crop rotation  

Three variables are statistically significant in the adoption of crop rotation: level of 

education; farm experience; and interaction with NGOs. The impact of all three variables is 

positive. None of the social norm variables – social advice, peer effect and perception of 

tenure – are statistically significant. Social factors may be less important for crop rotation 

because the practice was promoted and encouraged before the introduction of CA. As a 

result, adoption of the practice is less likely to be influenced by social norms and more likely 

to be influenced by the characteristics of the farmers.  

Mulching  

In contrast, social norms appear to have an impact on the adoption of mulching, with social 

advice, peer effect, perception of tenure systems, and the gender of decision-maker all 

statistically significant. Farmers who access advice from social sources and farmers who 

require peer support in adopting technologies are less likely to adopt the mulching 

component, suggesting that social pressures are at work in the adoption decision. The 
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negative relationship between the adoption of mulch and social interactions suggest that the 

mulching does not work well when decisions are made collectively.  

Table 3:8: Factors influencing adoption of CA components: SUR model. 

 Model 1 Model 2 Model 2 

Variable description  Minimum 

disturbance  

Crop rotation Mulching 

Social advice 0.166 (0.26)  -0.009 (0.19)  -0.439 (0.22) ** 

Peer effects (Neighbours) -0.049 (0.42)  -0.131 (0.34)  -0.559 (0.33) * 

Perception on tenure security 0.165 (0.55)  -0.129 (0.28)  0.579 (0.30) ** 

Male decision-maker -0.271 (0.28)  0.320 (0.19)  -0.438 (0.23) ** 

Decision-maker education 0.015 (0.04)  0.061 (0.04) * 0.138 (0.05) *** 

Farming experience  0.015 (0.01)  0.019 (0.01) *** 0.036 (0.01) *** 

Total family labour 0.131 (0.08) * 0.014 (0.06)  -0.006 (0.07)  

Arable land owned 0.528 (0.17) *** -0.050 (0.10)  0.069 (0.12)  

Fenced field 0.711 (0.54)  -0.437 (0.31)  -0.374 (0.37)  

Ownership of mouldboard plough -0.326 (0.30)  0.020 (0.23)  0.262 (0.28)  

Livestock unit  -0.191 (0.05) *** -0.001 (0.04)  0.042 (0.04)  

Distance to extension office -0.047 (0.03)  0.037 (0.03)  -0.059 (0.04)  

Interaction with NGOs - -  0.861 (0.20) *** 0.728 (0.22) *** 

Village (Mudare) -6.624 (0.65) *** -0.039 (0.26)  0.168 (0.33)  

Village (Zano) -5.725 (0.69) *** 0.962 (0.270 *** 0.381 (0.27)  

Constant  6.772 (0.78) *** -1.429 (0.60) *** -2.311 (0.65) *** 

Number of observations  237 237 237 

Note: ***, ** and * denote 1, 5 and 10% significance levels respectively. Figures in parentheses are 

robust standard errors. 

As expected, the perception of tenure security has a positive impact on implementation of 

mulching – i.e., farmers who believe they are able to prevent livestock from destroying their 

crops are more likely to adopt mulching. Under communal setup, all farms (including farms 

belonging to individuals who do not own cattle) are treated as common property, allowing 

livestock to freely roam around the field and graze the crop reduces. Exclusive rights cease to 

bind during winter, making it socially unacceptable to prevent livestock from consuming crop 

residues. Such institutional arrangements can be altered if many people in the community are 

practicing CA. However, for farmers to have an incentive to alter the institutional 

arrangements, the benefits attained from mulching should be sufficient to compensate for the 

loss in grazing area and the loss in livestock feed (Homann-Kee Tui et al., 2015).  

Households with male decision makers are less likely to adopt mulching. This lines up with 

the norm that males are usually responsible for taking care of livestock and would prefer 
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feeding crop residues to animals rather than use the crop residues as mulching material. The 

education of the decision maker and farming experience have a positive impact on the 

adoption of mulching, an indication that knowledgeable farmers are able to evaluate the 

benefits of mulching. Another possible explanation could be that knowledgeable farmers are 

better positioned to make independent decisions rather than conforming to social norms. 

Bandiera and Rasul (2006) and Sampson and Perry (2019) suggest that social norms have less 

influence on informed farmers. As expected, previous interaction with NGOs has a positive 

impact on adoption mulching.  

3.5.2.2 Factors influencing continued use of CA. 

This section examines whether social norms influence the decision to continue using CA 

techniques. As highlighted above, in the conceptual framework, some farmers decide to 

continue using the technique after trying it out, while others decide to discontinue. This 

analysis focuses on the farmers who adopted the technique; thus the observations for farmers 

who never adopted (never tried) any of the CA components are dropped from the analysis.  

A binary variable was created to capture dis-adopters. Farmers who were still using CA 

components at the time of the study were given a value of 1 while farmers who discontinued 

the component were given a value of 0. To be classified as dis-adopter, a farmer should have 

tried the component, then stopped using the component. This is different from farmers who  

never tried any of the CA components.  

As with the previous regressions, the SUR technique is used to estimate equations 3.3, 3.4 

and 3.5. Like the previous section, the variables of interest used to make inferences about 

social norms are social advice, peer effects, perception of tenure system. The independent 

variables are also the same as in the previous section.  

The results show that peer effects are important in determining the continued use of minimum 

disturbance (Table 3.9). This suggests that farmers need peer (neighbours’) support to 

continue practicing the component. Bel et al. (2018) report that farmers were more likely to 

practice minimum disturbance if neighbours were doing it. Continued use of minimum 

disturbance varied across villages. Farmers in Mudare village are more likely to dis-adopt 

minimum disturbance compared to farmers from Rukovo.  
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Household with male decision makers are more likely to continue implementing crop rotation 

once they have started. Given that crop rotation involves allocating resources to growing 

legumes, the result that male decision makers are more likely to practice crop rotation is 

contrary to expectation because legumes are usually viewed as crops for women (Orr, 

Tsusaka, Kee-Tui, & Msere, 2016). Farmers with more farming experience were less likely to 

continue crop rotation, while greater availability of family labour is likely to increase the 

likelihood of retaining crop rotation. Changing from cereals to legumes might require 

additional labour hence households with more labour might be having an advantage. Greater 

livestock ownership lowers the likelihood of maintaining the use of crop rotation. Farmers in 

Mudare village and Zano village are more likely to practice crop rotation.  

Table 3:9: Factors influencing adoption and continuity of use: SUR model. 

 Model 1 Model 2 Model 2 

Variable description  Minimum 

disturbance  

Crop rotation Mulching 

Social advice -0.175 (0.26)  0.137 (0.48)  -2.080 (0.74) *** 

Peer effects (Neighbours) 0.786 (0.34) ** - -  -4.198 (1.11) *** 

Perception on tenure security 0.046 (0.38)  1.014 (0.70)  -0.377 (0.60)  

Male decision-maker -0.410 (0.25)  1.331 (0.76) ** -0.332 (0.50)  

Decision-maker education 0.009 (0.04)  -0.094 (0.07)  0.260 (0.10) *** 

Farming experience  0.002 (0.01)  -0.057 (0.02) *** -0.054 (0.02) ** 

Total family labour 0.030 (0.07)  0.395 (0.17) ** 0.240 (0.19)  

Arable land owned 0.183 (0.14)  0.028 (0.22)  0.399 (0.30)  

Fenced field -0.393 (0.43)  -0.067 (0.74)  0.646 (0.81)  

Ownership of mouldboard plough -0.393 (0.28)  0.294 (0.46)  -0.010 (0.49)  

Livestock unit  -0.045 (0.04)  -0.173 (0.08) ** -0.163 (0.09) ** 

Distance to extension office -0.033 (0.03)  0.131 (0.07) * -0.027 (0.10)  

Interaction with NGOs 0.132 (0.26)  1.411 (0.60) ** 0.032 (0.83)  

Village (Mudare) -1.222 (0.42) *** 1.420 (0.51) *** 0.503 (0.99)  

Village (Zano) -0.493 (0.42)  2.732 (0.82) *** 2.269 (0.72) *** 

Constant  1.376 (0.68) ** -0.483 (1.19)  1.485 (1.93)  

Number of observations  204 144 58 

Note: ***, ** and * denote 1, 5 and 10% significance levels respectively. Figure in parentheses robust 

standard errors 

Social advice and peer effects are negatively related to the continued adoption of mulching. 

Suggesting that mulching does not align well with social settings. Higher levels of education 

increase the likelihood of the continued use of mulch, while greater farming experience has a 

negative impact. As expected, farmers with more livestock are more likely to dis-adopt 
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mulching. Farmers in Zano village are more likely to continue implementing mulching 

compared to farmers from other villages.  

Overall, the results from Table 3.8 and Table 3.9 suggest that the three CA components are 

affected by different factors and thus can be expected to follow different adoption paths. For 

instance, social advice, peer effects, perceptions of tenure security and gender of the decision 

maker are not important in influencing the adoption of minimum disturbance and crop 

rotation, but they are important in influencing the adoption of mulching.  

Table 3.10 compares factors influencing initial adoption of a specific component and factors 

influencing continuity (combines results from Table 3.8 and Table 3.9). The coefficients are 

the same as coefficients reported in Table 3.8 and 3.9 and are not included in Table 3.10 to 

improve readability. The aim is to observe the changes in level of  significance. 
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Table 3:10: Comparison of factors influencing initial adoption and continuity.  

Variable description  Minimum disturbance  Crop rotation Mulching 

 Initial adoption Continued use Initial adoption Continued use Initial adoption Continued use 

Social advice +  -  -  +  - ** - *** 

Peer effects (Neighbours) -  + ** -    - * - *** 

Perception on tenure security +  +  -  +  + ** -  

Male decision-maker -  -  +  + ** - ** -  

Decision-maker education +  +  + * -  + *** + *** 

Farming experience  +  +  + *** - *** + *** - ** 

Total family labour + * +  +  + ** -  +  

Arable land owned + *** +  -  +  +  +  

Fenced field +  -  -  -  -  +  

Ownership of mouldboard plough -  -  +  +  +  -  

Livestock unit  - *** -  -  - ** +  - ** 

Distance to extension office -  -  +  + * -  -  

Interaction with NGOs   +  + *** + *** + *** +  

Village (Mudare) - *** - *** -  + *** +  +  

Village (Zano) - *** -  + *** + *** +  + *** 

Constant  + *** + ** - *** -  - *** +  

Number of observations 237   204 237  144  237  58  

Note: ***, ** and * denote 1, 5 and 10% significance levels respectively.  
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As can be seen in Table 3.10, the factors that influence the initial adoption are different from 

the factors that influence continuity. Consider the proxies for social norms only. For 

minimum disturbance, the peer effects are not important in the initial adoption, but they are 

important in influencing the decision to continue with the practice. For crop rotation, the 

gender of the decision maker is not important in influencing initial adoption but is important 

in influencing continued use of the component. Lastly, for mulching, social advice and peer 

effects are important in influencing both the decision to try the technique and the decision to 

continue practicing the technique. However, perception on tenure security and gender of the 

decision maker are only important in influencing initial adoption but not important in 

influencing continuity.  This suggests there is a need to pay attention to social norms as they 

shape both the adoption and the continued use of new techniques.  

3.6 Conclusions and recommendations  

The adoption of new technologies and improved farming techniques has long been one of the 

most important ways to increase agricultural productivity and ensure food security. CA is 

viewed as having similar potential. This is particularly the case since CA is viewed as a part 

of a climate smart agriculture with the ability to more efficiently use limited resources (Lee & 

Gambiza, 2022; Mwangi & Kariuki, 2015).  

Despite the resources channeled towards the promotion of CA in Africa and the potential that 

the technique has, there has been low update among smallholder farmers. The reasons for low 

uptake are still not well understood. This study contributes to closing this knowledge gap by 

examining how social norms affect the adoption of CA components. The findings in this 

study are impotent to policy makers and development agencies who continue to channel 

resources towards the promotion of CA.  

The novelty of this paper is that it moves away from only examining economic factors and 

considers the effect of non-economic factors. In addition, the study disaggregates the CA 

technique into three components, making it possible to examine how each component is 

affected by a range of variables including social norms.  

The results show that farmers partially adopt CA and do not treat it as an indivisible 

technique. Minimum disturbance component has higher adoption rates compared to adoption 

rates for crop rotation and mulching. The factors that influence uptake are unique for each 
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component. Peer effects and access to social advice have a negative impact on adoption of 

mulching (soil cover). However, these factors were less important in influencing adoption of 

crop rotation. Peer effects had a positive impact on the continued use of the minimum 

disturbance component, suggesting that this component fits well in social settings or that 

there is some level of social acceptance regarding the component.  

Given that CA has not been successfully adopted as an indivisible technique, there is need to 

investigate whether there are any benefits associated with partial adoption (Lee & Gambiza, 

2022). It is also important to involve farmers when designing interventions. Engaging farmers 

could enable development of approaches that are acceptable to communities. If ignored, 

information and beliefs shared on social platforms may continue to undermine uptake of 

technologies.  

This study does not explore the factors at play in each stage of adoption, but rather examines 

factors that determine initial adoption of a technique and dis-adoption. It will be worthwhile 

for future studies to examine the impact of social norms across the different stages of 

adoption.  
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3.7 Appendix for second paper 

3.7.1 Appendix 3A 

Table 3.1A: Sample size 

Ward 14 

villages 

No. of 

HH 

Cumulative 

range 

Random 

numbers 

Actual No. 

of HH 

Sample 

size2 

Usable 

questionnaires 

Cheure 170 1-170     

Madhiyo 216 171-386     

Zano1 160 387-546 437 160 64 63 

Mashonga 155 547-701     

Matshokoto 124 702-825     

Maburamba 147 826-972     

Rukovo1 135 973-1107 1053 135 54 52 

Makombe 319 1108-1426     

Mudare1 300 1427-1726 1562 305 122 122 

Total 1726   597 240 237 

Source: Researcher computations using data obtained from local authorities  
1 Selected villages, 2 40% of households sampled in each selected village 
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Table 3.2A Farmers’ perceptions of their ability to grow crops anytime  

Village Number of 
observations 

Percentage of farmers who indicated that 
they can grow crops anytime 

 

  Village 
level 

Male headed 
household 

(MHH) 

Female Headed 
household 

(FHH) 

Difference 
between MHH 

and FMM (T-
test) 

Mudare  122 0.07 0.05 0.10 -0.05 
Zano 63 0.17 0.20 0.13 0.07 
Rukovo 52 0.13 0.15 0.11 0.04 

Chi-test statistic for 
villages 

5.48*    

Though social norms are usually the same in a community, there might be variations across 

villages. For instance, the norm that livestock should roam around the fields could vary for 

farmers that have fields that are adjacent to their homesteads when compared with farmers 

that have fields that are located farther from their homesteads. The perceptions held by 

individuals can also differ even if they operate under the same social norms. To infer whether 

there are variations across villages, the perceptions of tenure security are compared across 

villages and between different household headships. As shown in Table 3.2A, more farmers 

in Zano village perceive that they can grow their crops anytime without worrying about 

livestock. However, there are no differences in perceptions for male and female headed 

households. The difference across villages is attributed to the differences in the set-up of the 

fields. The fields in Zano are located closer to the farmers’ homesteads compared to fields in 

Mudare and Rukovo.  
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Table 3.3A: Factors influencing initial adoption: Probit model. 

 Model 1 Model 2 Model 2 

Variable description  Minimum 

disturbance  

Crop rotation Mulching 

Social advice 0.166 0.28  -0.009 0.21  -0.439 0.22 ** 

Peer effects (Neighbours) -0.049 0.46  -0.131 0.33  -0.559 0.37  

Perception on tenure security 0.165 0.53  -0.129 0.30  0.579 0.29 ** 

Male decision-maker -0.271 0.28  0.320 0.20  -0.438 0.23 ** 

Decision-maker education 0.015 0.05  0.061 0.03 * 0.138 0.05 *** 

Farming experience  0.015 0.01  0.019 0.01 *** 0.036 0.01 *** 

Total family labour 0.131 0.09  0.014 0.06  -0.006 0.07  

Arable land owned 0.528 0.21 ** -0.050 0.11  0.069 0.11  

Fenced field 0.711 0.58 *** -0.437 0.33  -0.374 0.36  

Ownership of mouldboard plough -0.326 0.32  0.020 0.24  0.262 0.26  

Livestock unit  -0.191 0.06  -0.001 0.04  0.042 0.04  

Distance to extension office -0.047 0.03  0.037 0.03  -0.059 0.04  

Interaction with NGOs    0.861 0.20 *** 0.728 0.26 *** 

Village (Mudare) -6.624 307.27  -0.039 0.26  0.168 0.32  

Village (Zano) -5.725 307.27  0.962 0.28 *** 0.381 0.29  

Constant  6.772 307.27  -1.429 0.58 *** -2.311 0.74 *** 

Number of observations  237 237 237 

Table 3.4A: Factors adoption and continuity of use: Probit model 

 Model 1 Model 2 Model 2 

Variable description  Minimum 

disturbance  

Crop rotation Mulching 

Social advice -0.175 0.26  0.137 0.55  -2.080 0.87 *** 

Peer effects (Neighbours) 0.786 0.38 ** - -  -4.198 1.60 *** 

Perception on tenure security 0.046 0.42  1.014 1.01  -0.377 0.76  

Male decision-maker -0.410 0.27  1.331 0.65 ** -0.332 0.61  

Decision-maker education 0.009 0.04  -0.094 0.11  0.260 0.14 ** 

Farming experience  0.002 0.01  -0.057 0.03 ** -0.054 0.03 * 

Total family labour 0.030 0.07  0.395 0.22 * 0.240 0.23  

Arable land owned 0.183 0.15  0.028 0.31  0.399 0.34  

Fenced field -0.393 0.40  -0.067 1.15  0.646 0.83  

Ownership of mouldboard plough -0.393 0.30  0.294 0.71  -0.010 0.68  

Livestock unit  -0.045 0.05  -0.173 0.10 * -0.163 0.10 * 

Distance to extension office -0.033 0.03  0.131 0.10  -0.027 0.13  

Interaction with NGOs 0.132 0.27  1.411 0.74 ** 0.032 0.78  

Village (Mudare) -1.222 0.42 *** 1.420 0.83 * 0.503 0.92  

Village (Zano) -0.493 0.44  2.732 1.14 *** 2.269 1.02 * 

Constant  1.376 0.76 *** -0.483 1.53  1.485 2.42  

Number of observations  204 144 58 
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Chapter 4  

The impact of agricultural co-operatives in modern agri-food chains. A theoretical 

approach. 

Abstract  

Smallholder farmers dominate agricultural production in developing countries. However, they 

lack resources to practice intensive farming. Consequently, most farmers practice subsistence 

farming and rarely produce for the market. The emergence of stringent standards in the modern 

agri-food value chain has exacerbated the situation, making it more d ifficult for smallholder 

farmers to participate in the market. Agricultural co-operatives (co-ops) have been promoted to 

support smallholder farmers to enter the market and to create a more competitive market. The 

empirical evidence, however, indicates that agricultural co-ops may not generate better prices for 

their members vis-à-vis investor-owned firms (IOFs). As well, agricultural co-ops appear to 

attract smaller and less productive farmers. The purpose of this study is to develop a theoretical 

model that captures critical features of the modern supply chain and the challenges facing co-ops 

when operating in this system. The model shows that co-ops and IOFs serve different farmers. 

Co-ops serve small and less productive farmers while investor-owned firms serve large and more 

productive farmers. While the introduction of co-operatives improves the prices that are offered 

to farmers – i.e., the yardstick of competition effect holds – the co-op’s prices may not be as 

good as those of the IOFs. 

Key words: Co-operatives, Smallholder farmers, Agricultural markets, Heterogeneity  
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4.1 Introduction  

The majority of the people in Africa live in rural areas, with more than 70% of the population in 

these countries depending on agriculture directly as farmers and indirectly as farm workers 

(Barrett, Reardon, Swinnen, & Zilberman, 2022; FAO, 2021; Fischer & Qaim, 2012; 

Mwamakamba et al., 2017). Smallholder farmers dominate agricultural production and play a 

pivotal role in providing food consumed within the continent (Fischer & Qaim, 2012; IFAD, 

2013; NEPAD, 2013). However, these smallholder farmers face numerous challenges in 

accessing adequate resources to practice intensive farming. The lack of technology adoption, low 

use of inputs such as fertilizers, and inability to access markets often constrain smallholder 

farmers (Kopp & Mishra, 2022; Markelova, Meinzen-Dick, Hellin, & Dohrn, 2009; Pittock, 

Bjornlund, & van Rooyen, 2020).  

The emergence of stringent standards in the modern agri-food value chain and the complex 

procurement process that characterizes these food systems has exacerbated the situation making 

it more difficult for farmers to participate in the market (Barrett et al., 2022; Boselie, Henson, & 

Weatherspoon, 2003). As a result of these challenges, smallholder farmers fail to exploit fully 

the opportunities presented by the expansion of international markets  and the growth of the 

middle-class in developing countries (Barrett et al., 2022; Trienekens, 2011). Helping farmers to 

transition from low productivity, semi-subsistence to high productivity and commercialized 

agriculture has thus been central to agricultural policy in most developing countries.  

Development agencies and governments in developing countries have promoted co -operatives 

(co-ops) as one of the ways to solve the challenges faced by smallholder farmers, and in 

particular the difficulties farmers have in connecting with the market (Blekking, Gatti, Waldman, 

Evans, & Baylis, 2021; Minah, 2021; Sellare, Jäckering, Kahsay, & Meemken, 2023). For 

example, countries such as Rwanda, Ethiopia and Zambia have made the use of co -ops an 

explicit part of their rural development strategy and consequently the adoption of co -ops has 

increased rapidly (Bizikova et al., 2020; Chagwiza, Muradian, & Ruben, 2016; Minah, 2021; 

Tadesse, Abate, & Ergano, 2019; Verhofstadt & Maertens, 2015).  
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There is evidence that co-ops can help farmers by improving access to markets, providing 

competitive prices, boosting income, reducing transaction costs, and enhancing information 

dissemination (Bizikova et al., 2020; Carletti, Hanisch, Rommel, & Fulton, 2018; Minah, 2021; 

Vandeplas, Minten, & Swinnen, 2013; Verhofstadt & Maertens, 2015). However, researchers 

note that the benefits are not evenly distributed among farmers (Bizikova et al., 2020; Grashuis 

& Su, 2019), 

Empirical studies that evaluated the impact of agricultural co-ops in developing countries have 

reported mixed findings on which farmers benefit from co-ops. Several studies indicate that 

small farmers are more likely to patronize the co-ops (Carletti et al., 2018; Chagwiza et al., 2016; 

Vandeplas et al., 2013; Verhofstadt & Maertens, 2015). Grashuis and Skevas (2022) show that 

the largest effects of co-op membership are observed among small farmers. They postulate that 

co-ops are more important to small farmers who lack bargaining power. Other authors argue that 

co-ops benefit the middle class, while the poorest farmers are often excluded from collective 

action (Bizikova et al., 2020; Blekking et al., 2021; Fischer & Qaim, 2012).  

The question of whether co-ops provide better prices than investor-owned firms (IOFs) depend 

on factors such as the cost structure and the farmers’ location and size. Some studies indicate that 

co-ops offer higher prices than IOFs (Fischer & Qaim, 2012; Grashuis & Skevas, 2022), thus 

supporting the idea that co-ops enhance competition – i.e., the yardstick of competition effect 

holds. Other studies, however, report the opposite result (Carletti, Hanisch, Puechagut, & 

Gastaldi, 2019; Carletti et al., 2018; Chagwiza et al., 2016; Vandeplas et al., 2013). For example, 

Carletti et al. (2019) found that co-ops offered prices that were 3.5% lower than the prices 

offered by IOFs, with the price differential becoming smaller as the size of the co-ops increased, 

thus showing the importance of co-operative size. In cases where co-ops offer lower prices, 

farmers nevertheless still patronize them, suggesting that co-operatives are providing some 

benefits to their members. 

The purpose of this paper is to develop a theoretical model that captures the myriad relationships 

described above. At the core of the theoretical model is the assumption that the co-op and IOF 

serve very different farmer groups. Specifically, the IOF serves the more productive farmers who 

have a greater ability to cover the transaction costs and produce the large output required by the 
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IOF. In contrast, the co-op serves smaller farmers with lower productivity and less ability to 

produce to the IOF’s requirements. Although the introduction of the co-op leads to higher prices 

than would otherwise be the case – i.e., the yardstick of competition effect holds – the co-op will 

often offer lower prices than the IOF. The prices offered by the co-op are more likely to be lower 

than prices offered by the IOF when transaction costs and marginal costs are high. Nevertheless, 

since the IOF and the co-op serve different types of farmers, there is still a group of farmers that 

will patronize the co-op even if it offers prices that are lower than that of the IOF. 

The following section reviews the relevant literature and lays a foundation for the development 

of the theoretical model. The paper then proceeds to develop a theoretical model that captures 

critical features of the modern supply chain and of the challenges facing co-ops when operating 

in this system. The analysis compares the prices under IOF competition and the prices when a 

co-op competes with an IOF. The paper concludes by outlining the implications of the results on 

public policy and future research.   

4.2 Literature review 

4.2.1 Characterization of agriculture in developing countries  

Semi-subsistence farming is still dominant among smallholder farmers in Africa. Most farmers 

grow crops for their own households and do not produce for the market (Barrett, 2008; FAO, 

2021; Fischer & Qaim, 2012). In cases where smallholder farmers manage to produce more than 

they consume (i.e., when they are net sellers), they are often unable to access markets because of 

market failures (i.e., small quantities produced, missing buyers, and low prices). A combination 

of low output and low prices generates low revenue that is not enough to cover the transaction 

costs associated with getting the products to market (Birthal & Joshi, 2007; Kopp & Mishra, 

2022; Markelova et al., 2009; Pittock et al., 2020; Verhofstadt & Maertens, 2015).  

Transaction costs emanate from poor physical infrastructure (lack of all-weather roads, 

underdeveloped communication networks) and a weak institutional framework (Alene et al., 

2008; Fischer & Qaim, 2012; Kopp & Mishra, 2022; Ortmann & King, 2010; Trienekens, 2011). 

Poor road networks leave farmers isolated, with limited marketing options and increased 

vulnerability to opportunism, while poor communication networks result in information 
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asymmetries (Fischer & Qaim, 2012; Kopp & Mishra, 2022). The lack of well-developed 

institutions makes it difficult and costly to have stable contracts. The high costs of negotiating, 

monitoring, and enforcing contracts prevent smallholder farmers from participating in the 

market. In most cases, it is difficult to quantify these costs since no transactions take place 

(Bhattarai, 2013).  

The challenges faced by smallholder farmers are further complicated by recent developments in 

the agri-food value chains. Consumers now require more information about the products they 

consume, including information about production processes. Governments have also added more 

stringent food safety regulations (Handayati, Simatupang, & Perdana, 2015; Trienekens & 

Zuurbier, 2008). As a result, there is an emphasis on the development of well-coordinated supply 

chains that are able to transmit information efficiently from farmers to consumers (Trebbin, 

2014). To meet these requirements, value chain actors are expected to invest in high technology 

and efficient transport systems, including cold chains. Smallholder farmers struggle to raise the 

capital to make the on-farm investments needed to participate in the market; they also find it 

difficult to meet the stringent requirements and hence are excluded from the market (Barrett et 

al., 2022; Kopp & Mishra, 2022; Vandemoortele, Rozelle, Swinnen, & Xiang, 2012) .  

In response to these changes in the market, governments have tried to improve infrastructure and 

to provide public goods such as all-weather roads and a reliable legal system. At the same time 

governments have supported the adoption of farming techniques, such as, conservation 

agriculture and encouraged fertilizer use to improve farmer productivity (Blekking et al., 2021; 

Mazvimavi & Twomlow, 2009; Mupangwa, Mutenje, Thierfelder, & Nyagumbo, 2017).   

Regarding marketing, governments and development organizations have promoted collective 

action and the use of farmer-led organizations (Minah, 2021). The adoption of farmer-led 

organizations such as co-ops provide an opportunity for smallholder farmers to acquire resources 

and overcome some of the challenges that impede them from participating in the market 

(Blekking et al., 2021; Fischer & Qaim, 2012; Kopp & Mishra, 2022; Markelova et al., 2009) .  

Co-ops are a unique form of organization which are formulated based on three fundamental 

principles, namely, democratic control, member economic participation and open membership. 
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Democratic control implies that each member has one vote, no matter how much capital they 

invest in the co-op. Under the economic membership participation, benefits are distributed 

through patronage. Open membership implies that the co-op is open to new members and the 

new members do not pay more for their shares than those who joined earlier. Based on these 

principles, the co-ops have been viewed as more inclusive and hence are often preferred by 

policy makers (Blekking et al., 2021; Francesconi & Wouterse, 2019). 

The attractiveness of co-ops stems from their unique organizational and governance structure. 

Marketing co-ops are owned and controlled by patrons who, at least theoretically, will not be 

tolerant of management who attempts to exploit them with respect to price or input quality. Thus, 

the standard assumption is that co-ops have an objective function of maximizing the price paid to 

their members rather than the profits that they could earn (profits do have to be non -negative, 

however, in order for the co-op to operate) (Fulton & Giannakas, 2013). This different objective 

function generates better outcomes – e.g., higher prices for output, higher grades, lower prices 

for inputs, and better quality of inputs. These outcomes mean that co -ops are often viewed as 

poverty reducing compared to other types of marketing channels (Blekking et al., 2021; Tadesse 

et al., 2019; Verhofstadt & Maertens, 2015).  

4.2.2 Co-ops in theory 

The theory of co-ops has evolved over time, following the changes that have occurred in the 

agri-food industry. Economists have continued to update the theoretical models to better 

understand the role of co-ops in the changing world. The literature reviews by Sexton (1984), 

Staatz (1989), Cook, Chaddad, and Iliopoulos (2004) and Cook and Grashuis (2018) provides a 

picture of the theoretical developments that have been made over the years.  

The theoretical work by Sexton (1990) and Fulton and Giannakas (2013) provides the foundation 

for the theoretical model developed in this study. One key result from th ese studies is that 

yardstick of competition effect – i.e., that the presence of a co-op in a market forces the IOF to 

offer better terms than it would otherwise do; in addition, the terms offered by the co -op are at 

least as good as those of the IOF. A key assumption in these studies is that the cost structure for 

the IOF and co-op are the same.  
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The model presented by Sexton (1990) models oligopolistic spatial competition between a co-op 

and an IOF and shows that the presence of a co-op leads to improved prices for farmers 

compared to a world in which the co-op is absent and IOFs compete only with themselves. 

Fulton and Giannakas (2013) derive a similar result, regardless of whether the products being 

sold are strategic complements or strategic substitutes. In their model, the co-ops always pay 

higher prices than IOFs. As noted above, a key assumption in the models is that co-ops and IOFs 

have the same cost structure. 

Given the changes to agri-food value chains described above, it is important to relax the 

assumption of common cost structures and to assume that the cost structure of co -ops and IOFs 

differ. Co-ops and IOFs are likely to have different cost structures because their ability to raise 

capital is different. Co-ops face several institutional challenges that make it difficult for them to 

raise the capital required to operate effectively in the modern agri-food value chain. Cook (1995) 

argues that co-ops face five problems – namely the free rider, horizon, portfolio, control, and 

influence problems10 – that stem from the unique features of the co-op described above.   

The free rider problem arises when members of a group benefit from the group’s action without 

bearing the full cost of their action. In a co-op setting, the free rider problem exists because 

benefits are distributed through patronage and do not necessarily align with the investments 

made by members (Cook, 1995; Giannakas, Fulton, & Sesmero, 2016). Therefore, while 

members have an incentive to patronize the co-op, they have little incentive to invest in it, thus 

making it more difficult and costly for the co-op to raise capital. This problem is more 

pronounced in an open membership co-op where non-members qualify for some of the same 

patronage benefits (e.g., better service and prices) offered to members.  

The horizon problem occurs when a member’s residual claim on the net income generated by an 

asset is shorter than the product life of that asset. In a co-op, this relationship emerges because 

the expected remaining membership period for many members (particularly those who are older) 

is less than the productive life of the co-op’s assets. As a result, members have less of an 

 
10 There have been developments to move away from traditional co-ops to form hybrid co-ops, such as New 
Generation Co-ops, Member Investor Co-ops, and Proportional Investment Co-ops. This study focuses on traditional 

co-ops because they are still dominant in developing countries (Chaddad & Cook, 2004) 
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incentive to finance assets that generate returns beyond their term of membership because they 

cannot realize the gains if they leave the co-op. Consequently, older co-op members can be 

expected to pressure co-op management to pay out co-op earnings as cash patronage payments 

rather than invest in assets that have long-term benefits. While the horizon problem could be 

addressed by creating mechanisms to transfer the residual claimant rights – e.g., by creating 

tradable shares in the co-op (Cook, 1995; Giannakas et al., 2016) – doing so would 

fundamentally alter the structure of the co-op, making it more like an IOF.   

The lack of tradable equity shares in a co-op creates an additional problem, namely the portfolio 

problem. Because shares are not tradable, co-op members are unable to adjust their investment 

portfolios to match their risk preferences. To deal with the resulting sub-optimal portfolio, co-op 

members put pressure on co-op managers to increase patronage payments and reduce the 

investment in co-op assets (Cook, 1995).  

Control problems exist in any organization where there is a principal-agent relationship – i.e., 

where a manager is hired to run a business on behalf of the owners. The control problem arises 

because of differences in goals and information between co-op members, the board of directors 

and management (Cook, 1995; Fulton & Pohler, 2015). The control problem is a particular issue 

in co-ops because equity shares are not tradable; therefore, the share value is not available as a 

mechanism to monitor the performance of managers. In addition, it is impossible to signal 

dissatisfaction or to sanction management through disinvesting.  

The influence problem is prevalent in co-ops because members have equal voting power (Cook, 

1995). The one-member, one-vote principle is problematic when investment decisions are made, 

since the more numerous small, risk-averse members can override the entrepreneurial members 

and vote to make smaller investments.  

The institutional problems highlighted above constrain a co-op’s ability to raise capital, which in 

turn affects its operations. Co-ops will typically be smaller and use technologies that are less 

capital intensive and more labour intensive. 
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4.2.3 Co-ops in practice  

As outlined in the previous two sections, co-ops have some advantages and disadvantages as 

organizations. While their different organizational and governance structures can be expected to 

lead to more competitive behaviour, these same structures also create problems (e.g., difficulty in 

raising capital). For policy makers looking for strategies to solve the problems faced by 

smallholder farmers, the question of whether farmers are likely to benefit from co-operatives is 

an important one. It is also an empirical one. The purpose of this section is to examine the 

empirical literature on the impact of agricultural co-ops on smallholder farmers. 

As Table 4.1 shows, co-ops in developing countries are more likely to deal with small to middle-

sized farmers (Carletti et al., 2018; Chagwiza et al., 2016; Vandeplas et al., 2013; Verhofstadt & 

Maertens, 2015). This is perhaps not surprising given that small farmers who are not able to link 

directly to IOFs are often targeted for membership. For larger farmers, the benefit of dealing 

with IOFs can be greater than the benefit of dealing with the co-op (Chagwiza et al., 2016). This 

suggests that co-ops might be beneficial for some farmers and not for others.  

One key focus in empirical studies is the impact of co-ops on the price received by farmers 

(Grashuis & Su, 2019). The results in Table 4.1 show that the impact of co-ops depends on 

several factors, such as the cost structure of the firm and the farmers’ location and size. As a 

result, in some cases, co-ops pay higher prices than IOFs (Fischer & Qaim, 2012; Grashuis & 

Skevas, 2022), while in some cases co-ops pay lower prices (Carletti et al., 2019; Carletti et al., 

2018). In other cases, no significant difference is found (Chagwiza et al., 2016; Vandeplas et al., 

2013).  

Carletti et al. (2018) report that the difference in price offered by co-ops and IOFs becomes 

smaller with an increase in the size of co-op. This finding suggests that the price differential 

depends on the cost structure of the firms, with smaller co-ops having a higher cost structure. 

Carletti et al. (2018) also reports that farmers who sold to the co-ops were smaller and used the 

co-op as a market of last resort, suggesting that co-ops serve a specific group.    
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Table 4:1: Summary of empirical literature on farmer participation and membership benefits . 

Author(s) Country  Product Empirical 

Technique  

Findings 

   Participation in co-ops Membership Benefits  

Grashuis 

and Skevas 

(2022) 

Peru  Coffee  Inverse 

probability 

weighted 

regression 

adjustment 

(IPWRA) 

Male farmers who were less 

educated were more likely to use 

co-ops. Farm size was not 

important in determining 

participation. 

Co-op membership led to increases 

in quantity produced, quantity sold, 

and price received. The largest 

effect of membership was observed 

in small farmers  

Carletti et 

al. (2019) 

Argentina Dairy  Probit model and 

Multilevel 

regression model  

Young farmers, less educated, 

with less cows were more likely 

to sell to co-ops. In addition, 

farmers who supplied co-ops 

were less likely to own advanced 

(recommended) technology.  

Co-ops offered lower but stable 

prices when compared to IOFs. 

Medium size processor paid less 

than large processors. 

 

Carletti et 

al. (2018) 

Argentina Wine  Crossed-Effects 

Multilevel (ML) 

Small farmers were more likely 

patronize co-ops than large 

farmers, implying that co-ops are 

important to small farmers. 

IOFs offered higher prices than co-

ops, but the difference in price 

became smaller with increases in 

size of the co-ops. Farmers treated 

co-ops as a last resort.  

Chagwiza 

et al. (2016) 

Ethiopia  Dairy  Propensity Score 

Matching  

Small farmers, more educated 

farmers, and households with 

more members were more likely 

to patronize the co-ops.  

There was no significant difference 

in prices offered by co-ops and 

IOFs. However, co-op members 

were more productive, used better 

technology and had higher 

household incomes.  

Verhofstadt 

and 

Rwanda Multiple 

crops 

Propensity Score 

Matching 

More educated farmers, with 

more agricultural labour force 

Co-ops increased income by 40-

46%. However, the impact of the 
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Maertens 

(2015) 

and smaller land holding were 

more likely to patronize the co-

ops. In addition, proximity to 

market and ownership of more 

livestock was positively related 

to participation. 

co-op was marginal on the smallest 

farmers.  

Vandeplas 

et al. (2013) 

India  Dairy  Non-Normal 

Treatment 

Outcome (NNTO) 

Small farmers were more likely 

to supply co-ops than 

multinationals. Farmers from 

small villages were more likely 

to supply informal channels   

Famers who supplied IOFs were 

more productive than farmers 

supplying co-ops. There was no 

significant difference in profitability 

between farmers who supplied co-

ops and farmers who supplied IOFs. 

Qualitative results show that IOFs 

were perceived to offer better prices 

than other channels.  

Fischer and 

Qaim 

(2012) 

Kenya Banana PSM Middle class farmers were more 

likely to participate in co-ops, 

very small and very large 

farmers were less likely to 

patronize co-ops. Older farmers, 

owning phones, having access to 

credit and far from the market 

were more likely to patronize the 

co-ops. 

Marketing through co-ops yielded 

higher prices but the premium was 

marginal. Farmers who sold 

individually sold at farm gate and 

obtained lower prices. Members of 

the co-op increased their area under 

banana more than non-members. 

Co-op members used more fertilizer 

than non-co-op members. 

Membership had a positive effect on 

family income. 
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The results by Vandeplas et al. (2013) suggest that the impact of the co-ops depends on the 

structure of the market and the location of the farmer. The authors show that the impact of co-ops 

was strong in areas that did not have multinational companies. Farmers who were supplying co -

ops had 67% higher yields than farmers who were supplying informal traders. This result implies 

that the introduction of co-ops in areas that do not have other marketing channels significantly 

improves farmers’ wellbeing. 

An intriguing observation in the empirical literature is that, in instances where co-ops offer lower 

prices, farmers still patronize them. As outlined above, one possible explanation for this result is 

that co-ops might be serving farmers who are unable to supply IOFs which offer contracts that 

have more stringent requirements (Barrett et al., 2022; Fischer & Qaim, 2012). Thus, it is 

possible that some farmers will find it desirable to patronize co-ops even though they offer lower 

prices.  

Another possible explanation for why some farmers might patronize the co -op is that farmers 

could be valuing other non-price factors when choosing a marketing channel. Vandeplas et al. 

(2013) highlight that other non-price factors such as trustworthiness and timely payment by 

buyers are considered important. Carletti et al. (2018) also suggests that factors such as 

representation by co-ops might be important to farmers. Benef its such as guaranteed delivery, 

lower price volatility, and greater market access might keep the disadvantaged farmers in the 

market and supplying co-ops even if they offer a lower price (Carletti et al., 2019).  

Several empirical studies have shown that co-ops help farmers overcome barriers to market 

participation. In some cases, co-ops can function as an important catalyst for innovation, improve 

the adoption of agricultural technologies; and facilitate the upgrading of  agricultural systems 

(Abebaw & Haile, 2013; Chagwiza et al., 2016; Fischer & Qaim, 2012; Kopp & Mishra, 2022; 

Minah, 2021; Verhofstadt & Maertens, 2015). In part, the co-op’s effect on technology adoption 

can be attributed to the support they offer to farmers. Vandeplas et al. (2013) highlight that some 

co-ops have programs that help farmers upgrade technologically or expand their operations. For 

instance, they provide subsidized feed, loans /credit lines and technical support. These are 

important services for smallholder farmers in developing countries.  
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It is important to note that the empirical estimates of the co-ops’ impact depend on the nature of 

the control group used in making comparisons. Fischer and Qaim (2012) and Grashuis and 

Skevas (2022) compare prices offered by co-op with price offered by non-co-ops, a group which 

includes intermediaries, wholesalers, and local traders. Such a grouping may fail to accurately 

reflect the price offered by IOFs. For example, the prices offered by traders a re usually lower 

than the prices offered by IOFs. Therefore, if these two groups are combined, the resulting 

average will be lower than the IOF price alone. If data were available, conducting separate price 

comparisons for each channel would shed some light, for instance, co-op versus informal trader 

and co-op versus IOFs.  

The nature of the control group is also important in other ways. Most studies use Propensity 

Score Matching (PSM) when evaluating the impact of co-ops (Chagwiza et al., 2016; Fischer & 

Qaim, 2012; Minah, 2021; Sellare at al., 2023;Verhofstadt & Maertens, 2015). PSM, for 

instance, controls for bias by creating a control group that is like the treatment group using 

observable variables. If, as suggested in the literature, co-ops deal with different types of farmers 

than do IOFs, then the PSM approach is unlikely to pick up the underlying structure  because 

farmers who exhibit huge differences will not be paired. As a result, studies which use PSM may 

not capture important features of the problem. The model presented in this paper captures the 

important features of the modern agri-food chains and examines the implication of these features.  

Other techniques that are used to estimate the effect of co-operatives rely on a two-stage 

regression approach – see for example, the Non-Normal Treatment Outcome (NNTO) model 

used by Vandeplas et al. (2013) and the Inverse Probability Weighted Regression Adjustment 

(IPWRA) used by Grashuis and Skevas (2022). In the first stage of these models, a probit model 

is used to determine participation, while in the second stage the outcome variable is regressed on 

the latent variable or predicted probabilities. These techniques are better able to compare co-op 

and IOF prices because they are able to retain farmers that are very different while controlling 

for selection bias. However, it is important to ensure that two groups are explicitly created and 

compared, as is done by Vandeplas et al. (2013), who explicitly compare farmers who sell to the 

co-op versus farmers who sell to the IOF. As highlighted above, comparing prices received by 

farmers who sell to the co-op against prices received by farmers who sell elsewhere and not 



121 
 

explicitly to an IOF (i.e., combining different channels such as intermediaries, wholesalers, and 

local traders) does not give an accurate finding.  

4.3 Theoretical model 

4.3.1 Recent developments in agri-food value chains 

As discussed above, agri-food chains are changing, moving from a state in which generic 

products are produced throughout the system to a world where producers operate under 

contractual arrangements and use very specific processes to produce specific goods (Barrett et 

al., 2022; Handayati et al., 2015).The modern agri-food chains are now characterized by higher 

monitoring and enforcement costs given that processors who issue contracts must monitor 

farmers’ operations to ensure that they follow stringent standards. (Barrett et al., 2022; Fischer & 

Qaim, 2012).  

This restructuring of agri-food chains also influences the investment that firms must make and 

the production technologies that farmers use (Trienekens, 2011). The firms that can raise capital 

often participate in high-value chains that require the use of advanced technology (Chaddad & 

Cook, 2004) – e.g., building a plant with high fixed costs but having low operating costs. 

Conversely, firms that are unable to raise capital will use technologies that do not require huge 

investment in fixed assets but have higher operating costs – e.g., higher labour costs. The 

recognition of different cost structures is one of the features of the model in this paper .  

While IOFs often have the ability to raise the capital required to use the advanced technology, 

co-ops typically struggle to raise capital owing to the institutional problems described above – 

e.g., the free rider, horizon, portfolio, control, and influence problems (Cook, 1995). As a result, 

co-ops are usually smaller compared to IOFs and rely on technology that does not require large 

capital investment. However, although co-ops have difficulty in raising capital, co-ops usually 

have an advantage over IOFs in terms of monitoring costs because of higher degrees of trust 

(Henriksen, 1999; O'Rourke, 2007). 

In addition to the differences among the processors in the value chain, there are differences 

among farmers. Specifically, there is evidence that farmers who supply the market are more 

productive because of differences in land quality and/or their capabilities (Hoehler & Kuehl, 
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2018). The difference in productivity influences the technology they can use. Highly productive 

farmers are able to adopt advanced technology and are able to cover the cost associated with 

technology adoption. Vandemoortele et al. (2012) highlight the importance of factoring in 

heterogeneity in productivity when modeling farmers’ decisions as to which type of product to 

produce; the model developed below includes this feature.  

When marketing their produce, farmers face different options regarding the marketing channel 

they can use. Following Vandeplas et al. (2013), farmers that supply the market appear to 

separate into three broad groups: (1) one group that produces for a local market (informal 

traders); (2) one group that produces for small firms which are often co-ops; and (3) one group 

that produces for large firms that are often linked to multinationals. The separation of farmers 

into different marketing channels appears to be linked to their productivity (Vandemoortele et 

al., 2012). To simplify the model and to concentrate on the difference between co-ops and IOFs 

and the farmers that patronize them, the model developed in this paper treats the informal sector 

as fixed and is thus not explicitly modeled.11  

This study develops a theoretical model that captures critical features of the modern supply chain 

and that shows which farmers are more likely to patronize co-ops and how the segregation of 

farmers emerges. The model also explains the price differentials that exist between co -ops and 

IOFs, thus providing insights on the impact of co-ops and the role they play in reducing poverty 

in developing countries. 

4.3.2 The model 

The purpose of the theoretical model is to examine the outcome that emerges in a modern supply 

chain when processors differ in the technology they use, and farmers differ in their productivity. 

Of particular interest is an examination of the price paid by a co-op and an IOF, and whether the 

co-op can be expected to pay a higher price (as per the competitive yardstick result).  

The analysis takes place in two stages. In the first stage, a basic model in which farm output 

differences are exogenous is developed. This model shows that an IOF can be expected to serve 

 
11 A more complicated model can include all three types of farmers, those supplying the informal market, those 

supply co-ops and those supply IOFs. 
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the larger farmers and offer a higher price, even when the co-op is operating efficiently. In the 

second stage, a richer model is developed in which farm output differences are endogenized. The 

second model shows that an IOF serves the more productive farmers, and that while the IOF 

often offers the better price, it is possible for the co-op to offer higher prices if operation costs 

are low. 

The theoretical model is based on the following assumptions.  

1. There are two processors – a co-op and an IOF – that purchase a product from farmers, 

process it, and sell it to a final downstream market.  

2. While it is possible for the processing firms to sell to different downstream markets, it is 

assumed that the firms sell a homogenous product and receive the same price for the final 

product; this assumption allows other factors – e.g., monitoring costs – to determine the 

price paid by the processors.  

3. The processors move first and offer the farmers a contract that specifies the product to be 

produced and the price that is to be paid (Fulton & Giannakas, 2013). With the contract 

terms specified, the farmers decide on the contract they will choose and make their 

production decisions. To solve the problem, the decisions are solved backwards starting 

with the decisions of the farmers. 

4. The processors require a monitoring system to ensure that farmers produce to 

specification. Although the monitoring is managed by the processor, the farmers cover 

the monitoring costs. Because of the relationship with their members, the co -ops are 

assumed to have lower monitoring costs. 

5. As a result of the property rights problems described above, the co-op is constrained in 

the capital it can raise. Thus, the co-op is unable to operate a large processing plant that 

can process large amounts of farm output at low marginal cost. Instead, the co -op 

operates with a processing plant that has lower capital costs, but higher marginal costs. 

4.3.3 Basic model – exogenous farm output 

Assume farmers differ in the amount of output they produce and that the marginal cost of 

production is the same for all farmers (and equal to zero). Also assume that, due to its structure, 
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the co-op’s monitoring costs are zero, while the IOFs monitoring costs are 𝑠𝐹 (it is assumed that 

these costs are incurred by the processor and then passed on to the farmers) . With these 

assumptions, the net returns (R) for farmers delivering to the co-op and IOF, respectively, are: 

𝑅𝐶(𝑥) = 𝑝𝐶𝑥           (4.1) 

𝑅𝐹(𝑥) = 𝑝𝐹𝑥 − 𝑠𝐹          (4.2) 

where 𝑥 is the output produced by the farmer, 𝑝𝐶 is the price offered by the co-op, and 𝑝𝐹  is the 

price offered by the IOF.  

 

Figure 4:1: Contract choice by farmers with different farm size. 

The farmer with output 𝑥∗ is indifferent between selling to the co-op and the IOF, where:  

𝑥∗ =  
𝑠𝐹

𝑝𝐹−𝑝𝑐
           (4.3) 

1 − 𝑥∗ =
𝑝𝐹−𝑝𝑐− 𝑠𝐹

𝑝𝐹−𝑝𝑐
          (4.4) 
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Farmers to the left of 𝑥∗ (i.e., farmers with output less than 𝑥∗) deliver to the co-op while farmers 

to the right of 𝑥∗ (i.e., farmers with output greater than 𝑥∗) deliver to the IOF. Thus, the small 

farmers sell to the co-op, while the large farmers sell to the IOF. If it is assumed that farm output 

𝑥 is uniformly distributed between 0 and 1, then 𝑥∗ is the proportion of farmers that deliver to the 

co-op and 1 − 𝑥∗ is the proportion that deliver to the IOF. 

An important implication from equations (4.3) and (4.4) is that 𝑝𝐹 must be greater than 𝑝𝑐  for 

both processors to have a positive supply of farm produce. That is, the presence of monitoring 

costs means the IOF processor has to offer a higher price than the co-op; otherwise, they will not 

be able to secure a supply of the product from the farmers. Thus, the basic model suggests that it 

is possible to find a situation where the IOF will offer higher prices than the co -op.  

The above analysis is predicated on the assumption that the co-op is constrained in the capital 

that it can acquire and hence in the scale at which it can operate. If the co-op were able to access 

capital in the same way as the IOF, then it would be able to process a larger output and would be 

able to purchase from the larger farmers. Furthermore, although it is not immediately clear from 

the analysis that is presented, the IOF will have to have a different cost structure than the co -op 

for the two firms to co-exist in the market.   

The next section modifies the basic model to fully examine the dynamic between the co-op and 

the IOF. In particular, the modified model endogenizes the output produced by each farmer and 

pays particular attention to the cost structure of the co-op and IOF. 

4.3.4 Full model – endogenous farm output and processor cost structure 

The model presented in this section examines the modern agri-food chain where farmers are 

expected to invest in a specific technology to profitably participate in the market. To provide the 

context for the model, consider the case where farmers produce the same product using two 

different irrigation technologies. It is common in developing countries for farmers to differ in 

their irrigation technology (Pittock et al., 2020). For example, farmers could produce a crop 

using watering cans (standard technology) or invest in drip irrigation (new technology). The 

investment in the new technology has cost implications (investment cost) as well as positive 
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effects on productivity (output is larger and/or quality is higher12). Furthermore, the technology 

could have differential impacts, that is, the technology could be more advantages to more 

productive farmers who are able to spread the cost of technology over larger output.  

4.3.4.1 Contractual arrangement  

Suppose there are two processors who purchase a homogenous product from farmers using 

contracts designed for the specific needs of each processor and the farmers they wish to attract. 

The two processors sell their processed product to the downstream market at the same price. 

Following the discussion in section 3.1, one processor has low capital costs, and high operating 

costs, while the other has high capital costs, and low operating costs . The assumptions outlined 

in section 3.2 also apply. 

The processors move first and offer contracts that specify the quantity (𝑦) that each farmer 

should produce and the price (𝑝) that will be paid for this output. The processor with low capital 

costs offers a low-output contract (LOC) with output 𝑦1 and price 𝑝1, while the processor with 

high capital costs offers a high-output contract (HOC) with output 𝑦2 (where 𝑦2 >  𝑦1 ) and price 

𝑝2. 

It is assumed that, given the option, a processor finds it more profitable to offer the HOC rather 

than the LOC. This assumption means that the reduction in marginal costs associated with 

moving to the HOC more than offsets the added costs associated with the greater capital 

investment. Thus, if the processor is able to raise the capital required to offer HOC, HOC will be 

chosen; otherwise, the LOC will be chosen. 

Based on the contracts that are offered, farmers decide whether to produce using a standard 

technology or a new technology. The new technology involves an investment of cost 𝑐, but 

enables farmers to produce higher volume – i.e., output 𝑦2 instead of output 𝑦1. Note that output 

𝑦2, can only be produced using new technology. As highlighted above, the new technology is 

advantageous to more productive farmers because they can spread the cost of the new technology 

over large output. Farmers who use the standard technology produce 𝑦1 and deliver to the 

 
12 The model presented in this study shows the implication of new technology on output produced b y farmers, 

modifications can be made to show the impact of differences in quality . 
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processor offering the LOC, while farmers who adopt the new technology produce 𝑦2 and deliver 

to the processor offering the HOC. 

The game is solved backwards (Fulton & Giannakas, 2013). Given the contracts offered by the 

processors, the problem of the farmers is examined first. With an understanding of how the 

farmers behave, the optimal contracts for the processors are determined.  

4.3.4.2 The Farmers  

Suppose the farmers are differentiated by variable 𝜑, where 𝜑 can be thought of as inherent 

productivity. High values of variable 𝜑 imply greater productivity. Farmers are assumed to 

maximize net returns (𝑅) which are a function of their characteristic 𝜑. The returns from the two 

contracts are given by:  

𝑅1(𝜑) =  𝑝1 𝑦1 +  𝜃1 𝜑 − 𝑠         (4.5) 

𝑅2(𝜑) =  𝑝2 𝑦2 −  ( 𝑐 − 𝜃2 𝜑) − 𝑠        (4.6) 

where 𝑝1 is the price offered under LOC, 𝑝2 is the price offered under HOC, 𝑦1 is the quantity 

under LOC, 𝑦2 is the quantity under HOC, 𝜑 is the productivity of farmers, 𝜃1  and 𝜃2  are 

productivity parameters and capture the effect of technology, 𝑐 is the cost incurred by farmers 

who use the new technology (note, without loss of generality, cost of the standard technology is 

assumed to be zero), and 𝑠 is the cost of showing that their product meets certain specifications. 

Also, note that with both contracts, higher values of 𝜑 – i.e., high productivity – means lower 

costs. In addition, the new technology lowers cost more for high productive farmers than for low 

productive farmers, i.e., 𝜃2  > 𝜃1 . 
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Figure 4:2: Contracts taken by farmers who have different productivity . 

To determine which farmers, select which contract, equate equation (4.1) and equation (4.2) and 

solve for the value of 𝜑 – i.e., 𝜑∗ – associated with the farmer who is indifferent between the two 

contracts. Without loss of generality, let 𝑦1 = 1, and let (𝜃2 − 𝜃1 ) =  𝜃𝑑 . This gives: 

𝜑∗ =  
𝑃1 −𝑃2 𝑦2+𝑐 

 𝜃𝑑  
            (4.7) 

1 − 𝜑∗ =  
 𝜃𝑑  + 𝑃2 𝑦2−𝑃1−𝑐

𝜃𝑑
          (4.8) 

If variable 𝜑 is uniformly13 distributed between 0 and 1, equation (4.3) gives the share of farmers 

who sign the LOC contract and equation (4.4) gives the proportion of farmers who sign the HOC 

contract. The farmers to the left of  𝜑∗ supply the processor offering the LOC and the farmers to 

the right of  𝜑∗ supply the processor offering the HOC (Figure 4.2). To simplify the notation, let 

𝜑∗= 𝜑1  and 1 − 𝜑∗= 𝜑2. 

Equation (4.3) and (4.4) imply that higher values of 𝜃𝑑  result in more farmers signing the HOC. 

The proportion of farmers who supply a specific contract is positively related to the price offered 

under that contract. For instance, a higher 𝑝1 leads to an increase in the proportion of farmers 

taking LOC and a corresponding fall in the proportion of farmers taking HOC. The technology 

 
13 The assumption that 𝜑 is uniformly distributed is maintained throughout the analysis. 
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cost also affects the market shares of LOC and HOC – the higher the cost of technology (𝑐), the 

greater is the percentage of farmers that will take contact LOC and smaller the share that will 

take HOC. 

4.3.4.3 The Processors 

This section examines the prices offered under the different contracts. The analysis starts by 

examining the outcome for two IOFs; one offering the LOC and the other offering the HOC. 

Although this case is unrealistic in the sense that, as argued above, IOFs can be expected to offer 

the HOC and not the LOC, this case is used as the benchmark for the subsequent examination of 

the impact of introducing a co-op. Since the co-op, because of a lack of access to capital, is only 

able to offer the LOC, it is assumed that one of the IOFs, in the case of two IOFs, offer the LOC. 

This case is then used to examine the impact of replacing the IOF offering the LOC with a co -op 

offering the LOC. The impact of the co-op is assessed in two ways. The first impact – or 

counterfactual impact – compares the prices generated when two IOFs compete with the prices 

generated when a co-op competes with an IOF; this impact is also referred to as the yardstick of 

competition effect. The second impact – or contemporary impact – is examined by comparing 

the price offered by the co-op to the price offered by the IOF when they directly compete.  

4.3.4.4 Two IOFs 

Given the assumptions above, the total quantities obtained by the processing firms are equal to 

𝜑1 𝑦1 (recall, 𝑦1 = 1) and 𝜑2𝑦2 for the firm offering LOC and the firm offering HOC, 

respectively14. The processing firms sell their products to a downstream market. As highlighted 

above, it is possible for the firms to obtain different retail prices, 𝑟1  and 𝑟2 for firm 1 and firm 2, 

respectively. However, to isolate the impact the type of firm, technology, and differences in 

productivity, it is assumed that the firms obtain the same retail price 𝑟 because they sell the same 

physical good.  

Based on these assumptions, the problem of the two IOFs is given by: 

 
14  Note, although it is unrealistic for one of the IOF to offer LOC since they have similar cost structure, this case is 

created to provide a benchmark for the subsequent examination of the impact of introducing a co -op. 
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max 𝜋1(𝑝1) =  𝑟𝜑1 −  𝑝1𝜑1 − 𝑚1𝜑1 − 𝑡𝜑1 +  𝑠𝜑1  −  𝑠𝜑1 − 𝐹1     (4.9) 

max 𝜋2 (𝑝2) =  𝑟𝜑2𝑦2 −  𝑝2𝜑2𝑦2 − 𝑚2𝜑2𝑦2 − 𝑡𝜑2 +  𝑠𝜑2  −  𝑠𝜑2 − 𝐹2    (4.10) 

where 𝑝1 , 𝜑1, 𝑝2, 𝜑2, and 𝑦2 are as defined above, 𝑟 is the retail price, 𝑚1 and 𝑚2 are the 

marginal costs for firm 1 and 2, respectively, 𝑡 is the per person transaction cost, 𝐹1  and 𝐹2 are 

the fixed costs for firm 1 and firm 2, respectively, and 𝑠 is the monitoring cost. Recall, the 

monitoring system is managed by the firms, but the cost is passed on to farmers. The firm 

offering LOC is assumed to have high marginal costs (e.g., labour cost) and low fixed costs, 

while the firm offering HOC has low marginal costs and high fixed costs (e.g., larger plant). To 

simplify the notation, assume 𝐹1 and 𝑚2 are equal to zero.  

Based on the above assumption, the first order conditions are: 

𝑑𝜋1

𝑑𝑝1
= −𝜑1 + [ 𝑟 −  𝑝1 − 𝑚1 − 𝑡 ]

𝜕𝜑1

𝜕𝑝1
= 0         (4.11) 

𝑑𝜋2

𝑑𝑝2
= −𝜑2𝑦2 + [ 𝑟𝑦2 −  𝑝2𝑦2 − 𝑡 ]

𝜕𝜑2

𝜕𝑝2
= 0        (4.12) 

where 
𝜕𝜑1

𝜕𝑝1
=

1

𝜃𝑑
  and 

𝜕𝜑2

𝜕𝑝2
=

𝑦2

𝜃𝑑
. 

Equations 4.7 and 4.8 can be solved to give the best response functions (reaction curves) for the 

two IOFs: 

𝑝1 =
𝑟−𝑚1+ 𝑝2𝑦2−𝑐−𝑡

2
           (4.13) 

𝑝2 =
𝑟𝑦2+ 𝑝1+𝑐−𝑡−𝜃𝑑

2𝑦2
            (4.14) 

Using the two response curves to solve for 𝑝1
∗ and 𝑝2

∗ for two IOFs gives: 

𝑝1
∗ = 2

3⁄ 𝑟 (1 +
𝑦2

2
) − [

2𝑚+𝑐+3𝑡+𝜃𝑑

3
]         (4.15) 

𝑝2
∗ = 2

3⁄ 𝑟 (1 +
1

2𝑦2
) − [

𝑚−𝑐+𝑡+2𝜃𝑑

3𝑦2
]        (4.16)   
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Table 4:2: The effect of parameters on the price offered by the two IOFs.  

Price Parameters 

 𝑟 𝑦2 𝜃𝑑  𝑐 𝑚 𝑡 

𝑝1 + + - + - - 

𝑝2 + ? - - - - 

Table 4.2 shows the impact of the exogenous parameters on the price offered under LOC and 

HOC. An increase in 𝑟 causes an increase in both 𝑝1 and 𝑝2 but by different margins. An 

increase in 𝑦2 causes an increase in 𝑝1, but the impact is ambiguous on 𝑝2. A larger 𝑐 lowers the 

price offered on LOC but increases the price offered under HOC. This higher price helps to 

compensate for the increased cost of investing in new technology. An increase in the parameter  

𝜃𝑑  reduces the price that is offered under both contracts, although the impact is different in the 

two cases. The parameters 𝑚 and 𝑡 reduce both prices, with the impact largest in the LOC case. 

4.3.4.5 Price under Co-ops and IOFs  

This section examines the prices that emerge when a co-op competes with an IOF. It is assumed 

that it is not feasible for a co-op to offer the HOC (i.e., it is restricted to offering an LOC) 

because the IOF is always able to offer a better price based on its cost structure. Specifically, is it 

assumed that the IOF could offer a better price than the co-op in the HOC case (the conditions 

for this to hold are developed below). For simplicity, the analysis below also assumes that the co-

op fixed costs are equal to zero (𝐹𝑐=0).  

As discussed in the basic model, the co-op can be expected to have lower monitoring costs than 

the IOF (Henriksen, 1999; O'Rourke, 2007). For simplicity, assume the monitoring costs for co-

op are equal to zero (𝑠=0). The returns from the two contracts are thus given by: 

𝑅𝑐 (𝜑) =  𝑝𝑐  𝑦𝑐 + 𝜃𝑐 𝜑          (4.5’) 

𝑅𝐹(𝜑) =  𝑝𝐹  𝑦𝐹 −  ( 𝑐 − 𝜃𝐹 𝜑) − 𝑠        (4.6’) 

This change in cost affects the selection of contracts by farmers, therefore the solutions obtained 

in equation (4.7) and (4.8) change to: 
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𝜑∗ =  
𝑃𝑐 −𝑃𝐹 𝑦𝐹+𝑐+𝑠 

 𝜃𝑑  
            (4.17) 

1 − 𝜑∗ =  
 𝜃𝑑  + 𝑃𝐹  𝑦𝐹−𝑃𝑐−𝑐−𝑠

𝜃𝑑
          (4.18) 

where 𝑝𝑐  is the price offered by co-op, 𝑝𝐹  is the price offered IOF, and  𝑦𝐹  is the quantity 

supplied to IOF. Note, as was done with 𝑦1, it is assumed that 𝑦𝑐 = 1. Referring to Figure 4.2 

above and recalling that the co-op offers LOC while the IOF offers HOC, the inclusion of 𝑠 

implies that, all else being equal, more farmers will supply the co-op, that is, 𝜑∗ in Figure 4.2 

will shift to the right. The farmers to the left of  𝜑∗ supply the co-op and the farmers to the right 

of  𝜑∗ supply the IOF (see Figure 4.2). To simplify the notation in equation (4.17) and (4.18), let 

𝜑∗= 𝜑𝑐 and 1 − 𝜑∗= 𝜑𝐹. 

As noted above, co-ops are assumed to have a different objective function; they maximize the 

price paid to farmers (rather than profit), subject to the co-operative breaking even.  

Given the above, the optimal price for co-op would give profits equal to zero: 

𝜋𝑐 (𝑝𝑐 ) =  𝑟𝜑𝑐 −  𝑝𝑐 𝜑𝑐 − 𝑚𝜑𝑐 − 𝑡𝜑𝑐 = 0       (4.19) 

The optimal price for the co-op is thus: 

𝑝𝑐
∗ = 𝑟 − 𝑚 − 𝑡          (4.20) 

Notice that the co-op sets the same optimal price 𝑝𝑐
∗ regardless of the price set by the IOF. Notice 

as well that the co-op sets the same price regardless of whether it offers the LOC or the HOC.  

To determine the equilibrium price for the IOF (𝑝𝐹
∗), the IOF solves the following problem: 

max 𝜋2 (𝑝𝐹) =  𝑟𝜑𝐹𝑦𝐹 − 𝑝𝐹𝜑𝐹𝑦𝐹 − 𝑡𝜑𝐹 +  𝑠𝜑𝐹  −  𝑠𝜑𝐹 − 𝐹𝐹     (4.21) 

The first-order condition for this problem is: 

𝑑𝜋2

𝑑𝑝𝐹
= −𝜑𝐹𝑦𝐹 + [ 𝑟𝑦𝐹 −  𝑝𝐹𝑦𝐹 − 𝑡 ]

𝜕𝜑𝐹

𝜕𝑝𝐹
= 0       (4.22) 
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where 
𝜕𝜑𝐹

𝜕𝑝𝐹
=

𝑦𝐹

𝜃𝑑
. 

This gives the IOF’s best response function: 

𝑝𝐹 =
𝑟𝑦𝐹+ 𝑝𝑐+𝑐−𝑠−𝑡−𝜃𝑑

2𝑦𝐹
           (4.23) 

To get the equilibrium price for the IOF, equation (4.20) is substituted into equation (4.23) to 

give: 

𝑝𝐹
∗ = 1

2⁄ 𝑟 (1 +
1

𝑦𝐹
) − [

𝑚−𝑐−𝑠+2𝑡+𝜃𝑑

2𝑦𝐹
]        (4.24) 

Table 4:3: The effect of exogenous parameters on the price offered by the co -op and the IOF. 

Price Parameters 

 𝑟 𝑦𝐹  𝜃𝑑  𝑐 𝑠  𝑚 𝑡 

𝑝𝑐  + n.i. n.i. n.i. n.i. - - 

𝑝𝐹  + ? - + + - - 

Table 4.3 shows the impact of the exogenous parameters on the prices set by the co-op and IOF. 

An increase in 𝑟 has a positive impact on both 𝑝𝑐  and 𝑝𝐹, with the impact larger on 𝑝𝑐 . This 

suggests that co-op is better able to pass down the price benefits to farmers. Changes in 𝑦𝐹  have 

an ambiguous impact on 𝑝𝐹 and has no impact on 𝑝𝑐 . The productivity parameter (𝜃𝑑 ) has a 

negative impact on 𝑝𝐹  and has no impact on 𝑝𝑐 . Higher values of 𝑐 and 𝑠 are associated with 

higher values of 𝑝𝐹  – i.e., when the cost of the technology and monitoring costs are increased, 

the IOF has to offer higher prices to attract a supply of the farm produce. An increase in marginal 

costs (𝑚) and transaction costs (𝑡) has a negative impact on both 𝑝𝑐  and 𝑝𝐹, with the impact 

greater on the co-op price.   

4.3.4.6 The impact of co-ops on price.  

Figure 4.3, Panel 1 shows the equilibrium prices when two IOFs compete (one offering an LOC 

and one offering an HOC), while Panel 2 shows the equilibrium prices when a co -op competes 

with an IOF (with the co-op offering an LOC and the IOF offering an HOC). The IOF duopoly 
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case is included to provide a comparison with the mixed co-op/IOF duopoly case). Panel 1 

provides the counterfactual that is used to examine what will happen when an IOF is replaced by 

a co-op.  

 

Figure 4:3: Equilibrium prices when two IOFs compete and when a co-op competes with an IOF. 

To determine if the yardstick competition effect holds (i.e., 𝑝𝑐
∗ > 𝑝1

∗), the prices that emerge 

when two IOFs compete (Figure 4.3; Panel 1) are compared with the prices that are set when a 

co-op competes with an IOF (Figure 4.3; Panel 2). As illustrated in Figure 4.3, 𝑝𝑐
∗ is greater than 

𝑝1
∗. Since the best response function for the IOF is upward sloping, if 𝑝𝑐

∗ is greater than 𝑝1
∗, then 

𝑝𝐹
∗  is greater than 𝑝2

∗. Thus 𝑝𝑐
∗  >  𝑝1

∗, and 𝑝𝐹
∗  >  𝑝2

∗ (see appendix for proof). 

This result implies that the yardstick of competition effect holds – i.e., moving from a world 

where two IOFs compete to a world where a co-op competes with an IOF leads to higher prices 

for both contracts. This is in line with findings reported by (Fulton & Giannakas, 2013; Sexton, 

1990). 

4.3.4.7 Do co-ops pay higher prices than IOFs? 

The results presented above do not answer the question of whether co -ops offer higher prices 

than IOFs when they compete. The answer to this question is important for two reasons. The first 

reason is that this is the comparison that farmers (and researchers) make when they attempt to 
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determine whether the co-op is competitive or not. The second reason is that this comparison is 

critical in understanding why the co-op is unable to offer the HOC. 

Suppose that both the IOF and the co-op offered the HOC. In this case, the firm offering the best 

price would obtain the entire market. As shown above, the best price the co-op can offer is 𝑝𝑐
∗ =

𝑟 − 𝑚 − 𝑡. If the IOF can offer a better price than this, then the conditions support the 

assumption that the IOF will offer the HOC contract. This leaves the co-op to offer a LOC. By 

offering a LOC, the co-op is able to provide low productive farmers with a more profitable 

option (i.e., the LOC generates greater profits than the HOC for low productiv e farmers). 

To determine whether the price offered by a co-op is higher than the price offered by an IOF 

(i.e., 𝑝𝑐
∗ > 𝑝𝐹

∗ ), the equilibrium price for the co-op is compared to the equilibrium price for the 

IOF (Figure 4.3; Panel 2). To undertake this comparison, first consider the relationship between 

the two contracts. For the co-op and IOF to both have a positive supply, the following two 

conditions must hold.  

𝑝𝑐 > 𝑝𝐹𝑦𝐹 − 𝑐 − 𝑠 to ensure 𝜑𝑐 > 0        (4.25) 

𝑝𝑐 < 𝑝𝐹𝑦𝐹 − 𝑐 − 𝑠 +  𝜃𝑑  to ensure 𝜑𝐹 > 0        (4.26) 

The conditions in equation (4.25) and (4.26) are used to determine the range for the expression 

𝑦𝐹 so that both processors have positive output. Substituting 𝑝𝐹
∗𝑦𝐹  into equation (4.25) and 

equation (4.26) and rearranging gives the following restriction on 𝑦𝐹 (see appendix for 

derivation). 

1 + [
𝑐+𝑠−𝑚−𝜃𝑑

𝑟
] < 𝑦𝐹 < 1 + [

𝑐+𝑠−𝑚+𝜃𝑑

𝑟
]       (4.27) 

For 𝑝𝑐
∗ > 𝑝𝐹

∗ , the following condition must hold: 

𝑟 − 𝑚 − 𝑡 >
𝑟𝑦𝐹+ 𝑝𝑐

∗+𝑐+𝑠−𝑡−𝜃𝑑  

2𝑦𝐹
         (4.28) 

Simplifying equation (4.28) gives (see appendix for derivation): 
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𝑦𝐹 >
𝑟+𝑐+𝑠−𝑚−2𝑡−𝜃𝑑

𝑟−2𝑚−2𝑡
          (4.29) 

To ensure a positive denominator in equation 4.29, the minimum value for 𝑟 is given by: 

�̅� = 2𝑚 − 2𝑡           (4.30) 

To ensure a positive numerator, the maximum value of 𝑟 that gives 𝑝𝑐 >  𝑝𝐹 is given by: 

𝑟∗ =
(𝑐+𝑠−𝑚) (𝑚+𝑡)

𝜃𝑑 −𝑚
          (4.31) 

Equations 4.27, 4.29, 4.30 and 4.31 are used to plot Figure 4.4, which shows the conditions 

necessary for 𝑝𝑐
∗ > 𝑝𝐹

∗  to hold. For 𝑝𝑐
∗ > 𝑝𝐹

∗ , the values of 𝑟 and 𝑦𝐹   must lie in the region above 

the 𝜑𝐹 > 0 line, below the 𝜑𝑐 > 0 line, and above the 𝑝𝑐 >  𝑝𝐹 line. As can be seen, regardless 

of the value of 𝑦𝐹 , if �̅� < 𝑟 < 𝑟∗ then 𝑝𝑐
∗ is less than 𝑝𝐹

∗ . To get 𝑝𝑐
∗ > 𝑝𝐹

∗ , the value of 𝑟 should be 

very high (i.e., it must be greater than 𝑟∗) and 𝑦𝐹 must satisfy the conditions laid out in equation 

(4.26) – i.e., 𝑦𝐹  should not be too much larger than 𝑦𝑐 = 1. 

 

Figure 4:4: Conditions under with the co-op price is higher than the IOF price. 

Since the three lines shown in Figure 4.4 depend on the exogenous parameters 𝑚, 𝑡, 𝑠, 𝑐, and 𝜃𝑑 , 

all of these factors, as well as the retail price 𝑟 and the HOC contract quantity 𝑦𝐹, play a role in 

determining whether the co-op price is greater than the IOF price. For instance, higher values of  
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𝑚 and 𝑡 increase the likelihood of 𝑝𝐹
∗ > 𝑝𝑐

∗. These results provide possible explanation to why 

some empirical studies report that co-ops offer higher price than IOFs, while others report that 

IOFs pay higher prices and some reporting that there is no significant difference in price offered.  

If the conditions hold such that the IOF price is less than the co-op price, then the co-op would 

potentially be able to offer the HOC contract. Recall from the discussion above that if this were 

to occur, the co-op would obtain the higher market. The IOF, of course, could counter b y 

offering a higher price – i.e., a price higher than 𝑝𝑐
∗ = 𝑟 − 𝑚 − 𝑡. The IOF will be willing to do 

so as long as offering a slightly higher price than 𝑝𝑐
∗ generates positive profits for the IOF. Thus, 

the maintained assumption of the model is that 𝜋𝐹 =  𝑟𝑦𝐹 −  𝑝𝑐
∗𝑦𝐹 − 𝑡 − 𝐹𝐹  =   𝑚𝑦𝐹 + 𝑡(𝑦𝐹 −

1) > 𝐹𝐹 . 

It is important to note that the IOF will only offer the limit price 𝑝𝑐
∗ = 𝑟 − 𝑚 − 𝑡 (see Sexton and 

Sexton (1987) for a discussion of the co-op limit price) if it believes that the co-op could credibly 

offer the HOC contract. If such a possibility is not credible (i.e., the co -op does not have 

sufficient capacity to offer the contract or it does not have good enough managers to manage the 

contract), then the IOF does not need to offer the limit price. Thus, empirically cases may be 

found where the co-op offers the LOC at a better price than the HOC contract offered by the 

IOF. 

4.3.4.8 Why do farmers patronize co-ops when offered lower prices? 

Based on the results presented in Figure 4.4, it is possible for farmers to get a lower price from 

the co-op and still patronize it. Although the IOF pays a higher price, the farmers dealing with 

the co-op find it unprofitable to switch to the HOC, since to do so would require them to incur 

extra costs. In fact, only those farmers with higher levels of productivity find it optimal to deliver 

to the IOF. While the farmers with lower productivity are unable to obtain the better prices paid 

by the IOF, they nevertheless still benefit from patronizing the co-op – except for those with the 

very lowest productivity, the farmers that patronize the co-op are earning positive profits. 

Moreover, they are receiving higher prices than they would receive if the co-op were not in place 

(the yardstick of competition effect).  
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4.4 Important insights of the model  

While the predictions of the model appear to be an obvious classification or self -selection of 

farmers, it is surprising that this classification has not been captured in the theoretical literature 

and not accurately assessed in empirical studies. This study lays a foundation for future 

development of co-op theory that relaxes the assumption of identical cost structures across the 

co-op and the IOF. The use of empirical techniques that can tease out the impact of this 

classification of farmers is desirable. Two important empirical questions arise from the findings 

presented in this study. (1) if co-ops and IOF serve different farmers, what empirical techniques 

can be used to assess the impact of each marketing channel; and (2) what are the implications of 

having different cost structures?  

As can be seen in this theoretical model, farmers that patronize co-ops are expected to be very 

different from farmers that patronize IOF firms, therefore techniques such as PSM that pair 

identical farmers can be less effective in trying to assess the impact of the co -op. The farmers 

that are far apart cannot be compared, for instance, consider Figure 4.2, the farmers that are 

located to the extreme left of  𝜑∗ cannot be compared to farmers located to the extreme right of 

of  𝜑∗. This implies that paring identical farmers might underestimate the impact of co-op vs IOF 

because only farmers at the margin are compered – i.e., farmers close to 𝜑∗.  

Another important implication is that the findings from this study provide an alternative 

interpretation of the empirical findings. Empirical studies show that co-ops do not always offer 

higher prices (Sellare et al, 2023). The lower prices offered by co-ops are often interpreted as 

poor performance on the part of the co-op. The findings from this study challenge this assertion 

and offer an alternative interpretation to lower prices. It is possible that lower prices offered by 

co-ops do not necessarily mean cops are performing poorly (although they might be). Instead, the 

lower prices paid by the co-ops are consistent with the co-ops providing a marketing channel to 

farmers who would otherwise receive poorer prices from IOFs or perhaps be excluded from the 

market. As shown in the theoretical model, co-ops can perform well even if they offer lower 

prices; in fact, it is profitable for small farmers to patronize the co-op even if they are offering 

lower prices.  
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The findings from this study also suggest that marketing co-ops have a potentially important role 

to play in developing countries characterized by small farmers who struggle to directly 

participate in modern global value chains.  

4.5 Conclusions 

This study develops a theoretical model that captures the heterogeneity that exists among farmers 

and the differences in cost structure that exists between co-ops and IOFs. The model shows the 

linkage between farmers’ characteristics and their ability to supply a specific marketing channel 

and explains the empirical finding that co-ops usually serve small farmers or middle class while 

IOFs serve large farmers. In essence, co-ops and IOFs serve different farmers, with co-ops 

serving the smaller and less productive farmers, while IOFs serve the more productive farmers 

who can supply larger quantities.  

The answer to the question as to whether co-ops pay higher prices than IOFs depends on the 

characteristics of the circumstances in question. When the technology cost, marginal cost and 

transactions costs are high, IOFs are more likely to pay higher prices than co-ops. Given the 

impact of transaction cost, policy makers should prioritize developing strong institutional 

framework to reduce the cost of entering and enforcing contracts. Future research could broaden 

this analysis by examining the effects of informal traders. The results of the analysis also suggest 

that an empirical examination of the cost structure of both the farmers and the processors is 

needed to fully understand the impact of co-ops and the role they play. 
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4.6 Appendix for third paper  

4.6.1 Appendix 4A 

The proof that 𝑝𝑐
∗ > 𝑝1

∗ is as follows: 

Recall, the equilibrium price for co-op is: 

 𝑝𝑐
∗ = 𝑟 − 𝑚 − 𝑡           (A4.1) 

The response function for firm 1 is: 

𝑝1
∗ =

𝑟−𝑚+ 𝑝2
∗𝑦2−𝑐−𝑡

2
          (A4.2) 

𝑝1
∗can be rearranged to give: 

𝑝1
∗ =

𝑟−𝑚−𝑡+ 𝑝2
∗𝑦2−𝑐

2
           (A4.3) 

Notice that 𝑝𝑐
∗ is embedded in the best response function for firm 1. Therefore, substituting 𝑝𝑐

∗ 

into 𝑝1
∗ gives: 

𝑝1
∗ =

𝑝𝑐
∗ + 𝑝2

∗𝑦2−𝑐

2
            (A4.4) 

Note, to ensure that 𝜑1 > 0, it must be the case that 𝑝1
∗ > 𝑝2

∗𝑦2 − 𝑐. Replacing 𝑝2
∗𝑦2 − 𝑐 with 𝑝1

∗ 

gives the inequality sign because 𝑝2
∗𝑦2 − 𝑐 is less than 𝑝1

∗:  

𝑝1
∗ <

𝑝𝑐
∗ + 𝑝1

∗

2
            (A4.5) 

Therefore, it must be the case that 𝑝𝑐
∗ > 𝑝1

∗ 
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4.6.2 Appendix 4B 

Do co-ops pay higher prices than IOFs? 

To show whether the co-ops pay higher than IOFs, first consider the conditions necessary for the 

two contracts to exist. Co-op and IOF both have positive supply only if condition on equation 

(A4.6) and (A4.7) hold. 

𝑝𝑐 > 𝑝𝐹𝑦𝐹 − 𝑐 − 𝑠 to ensure 𝜑𝑐 > 0        (A4.6) 

𝑝𝑐 < 𝑝𝐹𝑦𝐹 − 𝑐 − 𝑠 +  𝜃𝑑  to ensure 𝜑𝐹 > 0        (A4.7) 

𝑝𝐹
∗  =

𝑟𝑦𝐹 +𝑝𝑐
∗ +𝑐+𝑠−𝑡−𝜃𝑑

2𝑦𝐹
           (A4.8) 

therefore 𝑝𝐹
∗𝑦𝐹 =

𝑟𝑦𝐹+𝑝𝑐
∗+𝑐+𝑠−𝑡−𝜃𝑑

2
  

From (A4.6) 𝑝𝑐 > 𝑝𝐹𝑦𝐹 − 𝑐 − 𝑠 

Substituting 𝑝𝐹
∗ 𝑦𝐹 gives a new equation: 

𝑝𝑐
∗ >

𝑟𝑦𝐹+ 𝑝𝑐
∗+𝑐+𝑠−𝑡−𝜃𝑑

2
−c        (A4.9) 

2𝑝𝑐
∗ > 𝑟𝑦𝐹 +  𝑝𝑐

∗ − 𝑐 − 𝑠 − 𝑡 − 𝜃𝑑         (A4.10) 

𝑝𝑐
∗ > 𝑟𝑦𝐹 − 𝑐 − 𝑠 − 𝑡 − 𝜃𝑑          (A4.11) 

Replacing 𝑝𝑐
∗ by 𝑟 − 𝑚 − 𝑡, gives 

𝑟 − 𝑚 − 𝑡 >  𝑟𝑦𝐹 − 𝑐 − 𝑡 − 𝜃𝑑        (A4.12) 

𝑦𝐹 > 1 + [
𝑐+𝑠−𝑚+𝜃𝑑

𝑟
]        (A4.13) 

From (A4.7) 𝑝𝑐 < 𝑝𝐹𝑦𝐹 − 𝑐 − 𝑠 +  𝜃𝑑  

Substituting 𝑝𝐹𝑦𝐹 gives 
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𝑝𝑐
∗ <

𝑟𝑦𝐹+ 𝑝𝑐
∗+𝑐+𝑠−𝑡−𝜃𝑑

2
− 𝑐 +  𝜃𝑑         (A4.14) 

2𝑝𝑐
∗ < 𝑟𝑦𝐹 +  𝑝𝑐

∗ − 𝑐 − 𝑠 − 𝑡 + 𝜃𝑑         (A4.15) 

𝑝𝑐
∗ < 𝑟𝑦𝐹 − 𝑐 − 𝑠 − 𝑡 + 𝜃𝑑          (A4.16) 

Replacing 𝑝𝑐
∗ by 𝑟 − 𝑚 − 𝑡, gives 

𝑟 − 𝑚 − 𝑡 <  𝑟𝑦𝐹 − 𝑐 − 𝑠 − 𝑡 + 𝜃𝑑        (A4.17) 

𝑦𝐹 < 1 + [
𝑐+𝑠−𝑚−𝜃𝑑

𝑟
]         (A4.18) 

Taking equation (A4.13) and equation (A.18) gives the range for 𝑦𝐹 

1 + [
𝑐+𝑠−𝑚−𝜃𝑑

𝑟
] < 𝑦𝐹 < 1 + [

𝑐+𝑠−𝑚+𝜃𝑑

𝑟
]      (A4.19) 

To satisfy the conditions (A4.6) and (A4.7), it must be the case that the expression 𝑦𝐹 lie 

between 1 + [
𝑐+𝑠−𝑚−𝜃𝑑

𝑟
] and 1 + [

𝑐+𝑠−𝑚+𝜃𝑑

𝑟
]  

To find the conditions necessary for 𝑝𝑐
∗ > 𝑝𝐹

∗  ?, consider: 

𝑟 − 𝑚 − 𝑡 >
𝑟𝑦𝐹+ 𝑝𝑐

∗+𝑐+𝑠−𝑡−𝜃𝑑

2𝑦𝐹
       (A4.15) 

2𝑟𝑦𝐹 − 2𝑚𝑦𝐹 − 2𝑡𝑦𝐹 >  𝑟𝑦𝐹 +  𝑟 − 𝑚 − 𝑡 + 𝑐 + 𝑠 − 𝑡 − 𝜃𝑑    (A4.16) 

𝑟𝑦𝐹 − 2𝑚𝑦𝐹 − 2𝑡𝑦𝐹 >   𝑟 + 𝑐 + 𝑠 − 𝑚 − 2𝑡 − 𝜃𝑑     (A4.17) 

𝑦𝐹 >
𝑟+𝑐+𝑠−𝑚−2𝑡−𝜃𝑑

𝑟−2𝑚−2𝑡
         (A4.18) 

Minimum value for 𝑟 is given by  

�̅� = 2𝑚 − 2𝑡          (A4.19) 

Maximum value of 𝑟 that give 𝑝𝑐 >  𝑝𝐹 is given by  



143 
 

𝑟∗ =
(𝑐+𝑠−𝑚) (𝑚+𝑡)

𝜃𝑑 −𝑚
         (A4.20) 

If �̅� < 𝑟 < 𝑟∗ then there is no 𝑦𝐹 that will make 𝑝𝑐
∗ > 𝑝𝐹

∗ . To get 𝑝𝑐
∗ > 𝑝𝐹

∗ , the values of r should 

be very high and 𝑦𝐹 should be close to 𝑦𝑐    
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Chapter 5  

Conclusions  

Smallholder farms play a critical role in African agriculture and improving the performance of 

this sector is one of the key tasks for governments, development agencies and researchers. 

Agricultural productivity is determined by a complex set of economic and social factors. The 

purpose of this thesis was to better understand this complexity by examining three aspects of 

farm household decision-making: labour allocation, technology adoption, and market selection.  

With respect to labour allocation, the results show that women and men do different farm tasks, 

with men showing preference in doing activities that use mechanical farm implements, such as 

controlling ox-drawn ploughs, while women assume manual tasks such as weeding or fertilizer 

application. Overall, women work more than men, particularly, when they are under a female-

headed household. Women also have a higher marginal product of labour. Both results suggest 

that social norms are at play. For instance, the greater workload by women under a female head 

may reflect the inability of a female head to get men to work.  

Regarding adoption of CA, the results show that farmers differentially adopt the three CA 

components. While most farmers adopted minimum disturbance, only a few adopted mulching. 

The results also show that farmers who assess social advice and require peer support to try new 

technologies are less likely to practice mulching. This suggest that mulching does not align with 

the local norms and values. Farmers who believe that they can prevent livestock from destroying 

their crops are more likely to continue practicing mulching. This signifies the importance of 

secure tenure.  

The results of the third paper show that co-ops can play an important role in serving smallholder 

farmers who would otherwise be excluded from the market. The existence of a co-op forces IOFs 

to pay higher prices than they otherwise would. While a co-op has a pro-competitive market 

impact, it is poorly capitalized and is effectively the outlet of last resort.  
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These findings suggest social norms are important in determining the future of smallholder 

agriculture in Africa. Suppose, for instance, that it became socially acceptable for males to do 

manual tasks. Based on the results of this thesis, this change would  have several effects. First, 

men could spend less time on the plough and more time on weeding. Since the former appears to 

have a very low marginal product and the latter has a positive marginal product, the outcome 

would be an increase in output. Second, men would be more likely to adopt a technology like 

mulching, which in turn can be expected to create generate better yields through increased 

moisture retention and improved soil quality.  

Social norms, however, are unlikely to change very quickly. Thus,  it is likely that some of the 

changes required to increase agricultural productivity will only come about if technologies are 

developed that align with social norms. Thus, to improve men’s participation, it is likely 

important to develop and promote technologies that rely on mechanized farm implements that 

are attractive to men (Afridi, Bishnu, & Mahajan, 2022). 

There is also a need to develop alternative marketing channels to create competition in the new 

agri-food supply chains that are emerging. Co-ops are one such alternative. While co-ops can 

provide opportunities for smallholder farmers to participate in modern agrifood chains, they face 

limits – in particular, they are likely to be less well capitalized than their IOF counterparts and 

are likely to be patronized by the smaller and less productive farmers.  

Broadly speaking, the promotion of socially acceptable technologies suggests that participatory 

approaches, which allow farmers to participate in developing interventions that would work best 

for them given the social norms in place, would yield positive results. Participatory approaches 

might also be beneficial to collective action organizations such as co-operatives, since it has the 

potential to provide farmers with a better understanding of why, for instance, the proper 

capitalization of their co-op is beneficial.  
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