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ABSTRACT 

 

The development and promotion of conservation farming (CF) practices has been an 

important component of many rural development projects in Africa and their adoption has 

varied across the continent. This study focuses on determining the impact of CF and its main 

components: crop rotation, residue retention and minimum tillage. It uses 2008 supplemental 

survey data collected by Food Security Research Project (FSRP)/Central Statistical Office 

(CSO)/Ministry of Agriculture and Co-operatives (MACO). The study utilizes propensity 

score matching methods and a simultaneous equations model with endogenous switching to 

account for the heterogeneity in the decision to adopt CF practices and for unobservable 

characteristics of smallholder farmers and their farms. Propensity score matching method 

was used so as to obtain matched observations of adopters and non-adopters based on their 

observable characteristics. 

 

Results suggest that adopters of CF realized more income per hectare than they would have 

had they not adopted the technology. However, non-adopters realized lower household 

income per hectare than they would have had they decided not to adopt CF. In case of crop 

rotation, smallholder farm households that adopted crop rotation actually realized more 

household income per hectare than they would have if they did not adopt while non-adopters 

of crop rotation would be better off if they adopted crop rotation than they are. Smallholder 

farm households that adopted residue retention realized more household income per hectare 

than they would if they did not adopt residue retention. But non-adopters of residue retention 

would be worse off had they adopted. This is attributed to unobserved heterogeneity that 

may affect adoption of these practices. For minimum tillage, it is found that both its adopters 

and non-adopters would respectively have realized more household income per hectare had 

both groups decided not to adopt it. A comparison of the impacts of CF practices showed 

that crop rotation is associated with more household income per hectare than other practices 

while minimum tillage decreases household incomes for smallholder farm households in 

Zambia. One reason attributed to the negative impact of minimum tillage is that majority of 

households that adopted it are located in agro-ecological region III, that receives excessive 

amounts of rainfall and thus minimum tillage is not recommended in the area.  

 

The study recommends increased efforts to promote CF practices; crop rotation and residue 

retention in Zambia. The study also suggests that promotion of minimum tillage in Zambia 

should be increased in agro-ecological regions I and II where it is suitable.    
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

The decline in productivity of farmland due to land degradation is a serious threat and 

challenge to the livelihoods of households all over the world. The immediate result of 

these problems is the decline in agricultural productivity, which leaves many households 

in poverty and hunger. Such problems are prevalent in developing countries where 

agriculture is the major source of income (Clay and Reardon, 1994; Kabwe and Donovan, 

2005; Thirwall, 2006). Zambia is no exception. Zambia is a landlocked country located in 

Southern Africa with an estimated population of about 13 million people (Bank of 

Zambia (BOZ), 2011).
1
 Recent statistics show that agriculture contributes 22 percent to 

total Gross Domestic Product (GDP) and that more than 62 percent of the Zambian 

population depends on agriculture as their main economic activity (CSO, 2007; 2010). 

Thus agriculture has a significant contribution to Zambia‟s economic growth, household 

welfare and its economic development.  

Poverty levels remain high in many Sub-Saharan African (SSA) countries. In an effort to 

reduce poverty levels and hunger, many African governments have put focus on 

promoting agricultural productivity (Kassie et al., 2007; Nyangena and Kohlin, 2011). 

Although agriculture is known to be one of the solutions to poverty reduction, it is itself 

characterized by many challenges. Among the problems that have constrained the growth 

of the agricultural sector and its productivity in most developing countries is soil fertility 

depletion. Soil fertility depletion is caused by many factors that range from social and 

traditional to economic. In response to the soil fertility depletion problem, many 

                                                           
1
 Zambia‟s major exports are copper and non-traditional exports that include cane sugar, burley tobacco, 

cotton lint, electrical cables, fresh flowers, fruit and vegetables, gemstone and electricity (Bank of Zambia, 

(BOZ) 2011) 
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governments and international development institutions have invested substantially in the 

promotion of soil conservation practices including conservation farming (CF) (Kassie et 

al., 2007; Asfaw and Shiferaw, 2010)
2
. CF is claimed to be the panacea to the declining 

agricultural productivity and soil degradation problems faced by countries in SSA (Giller 

et al., 2009). This paper focused on estimating the impact of CF practices on smallholder 

farmers‟ household incomes in Zambia.
3 

 

The development and promotion of CF practices has been an important component of 

many rural development projects in Africa and their adoption has varied across the 

continent (Sterner et al., 2003). In Zambia, it is estimated that 10 percent of the 

smallholder farmers adopt some form of CF practices (Haggblade and Tembo, 2003; 

CFU, 2005). Nationally representative Crop Forecast Survey (CFS) data suggest CF 

adoption rates of 5.6 to 10.5 percent among smallholder maize farmers (Agricultural 

Consultative Forum, 2008). Nyanga et al. (2011) observe that this adoption has been 

strongest in Zambia‟s agro-ecological regions I and II. Thus adoption rate for CF 

practices has been highest in the semi-arid parts of Zambia with rainfall ranging between 

650 and 1000 mm annually (ZNFU, 2009).  

 

CFU (2007) defines CF as the planting and farming practice that involves conversion 

from overall tillage to mechanized minimum tillage or zero tillage coupled with the 

retention of crop residues and practice of crop rotation to the extent possible. Therefore, 

CF involves a package of several key practices: dry-season land preparation using 

mechanized minimum tillage systems, crop residue retention, seeding and input 

                                                           
2
 In this research paper, the term conservation farming will be used interchangeably with conservation 

agriculture (CA) for simplicity. 

3
 The term impact is used interchangeably with average treatment effect on the treated (ATT) in this paper. 
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application in fixed planting stations and nitrogen-fixing crop rotations (Haggblade and 

Tembo, 2003; FAO, 2006; Hobbs, 2006; CFU, 2007; Simpson and Weamert, 2007). 

These CF components help in a way to reduce land degradation through a more efficient 

use of natural resources.  

 

Dry-season land preparation results into breaking through of hardpans. This leads to the 

improvement of the soil structure, water infiltration, further plant growth and root 

development (Haggblade and Tembo, 2003). A farmer therefore benefits through 

increased productivity. Planting basins enhance water harvesting. During droughts, the 

basins hold water needed for plant growth. Haggblade and Tembo (2003) contend that the 

CF basins and rip lines harvest water in years of sporadic rainfall and ensure the precise 

application of fertilizer and other inputs next to the plants. This facilitates plant growth 

and development. By allocating land preparation to the dry season, in advance of the 

rains, CF redistributes heavy labor as well as animal and mechanized draft requirements 

out of the peak planting period (Haggblade and Tembo, 2003). Dry-season land 

preparation is done before the rains by hand hoe farmers. Hand hoes are used to prepare 

the planting basins in the dry season. For hand hoe, it is recommended that 15,850 

permanent conservation planting basins are dug per hectare (Haggblade and Tembo 

2003a).  

 

Farmers who own oxen can practice CF technology by ripping the land in the dry-season. 

Ripping can be done using the Magoye ripper (shown in Figure 1). In Zambia, the use of 

Magoye ripper was locally introduced in 1995 and more than 2000 Magoye rippers had 

been distributed countrywide by the year 2009 (MACO, 2009). The Magoye ripper was 

invented in a way to help facilitate animal draught low tillage systems and water 

conservation, an alternative to the commonly known ox-plow. It requires less animal 

draught power than the ox-plough. This is because it contains smaller dishes and has no 

mold board that an ordinary ox-plough has.  
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The Figure below shows the Magoye ripper. 

 

Figure 1: The Magoye ripper 

Source: Haggblade and Tembo (2003). 

Mechanized minimum tillage methods are practiced by most commercial farmers 

(Haggblade and Tembo, 2003). Mechanized minimum tillage methods refer to reducing 

tillage operations to the minimum required for crop development (Siachinji, 1999; CFU, 

2009). It requires minimum disturbance of the soil‟s vegetative cover as the crop is 

planted.  This method is one of the key principles of CF. CFU (2007) observes that 

mechanized minimum tillage practices also foster rainwater harvesting and nitrogen 

fixation by leguminous plants. Other observed benefits of mechanized minimum tillage 

include soil protection from the damaging effects of rainfall, rain harvesting and timely 

land preparation in the pre-rain period. 

 

No till or minimum tillage involves planting of the crop into the soil‟s vegetative cover or 

crop residue without any disturbance or with less breaking to the soil surface. From its 

major principles discussed above, CF has the potential to increase crop residue cover, 
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which increases soil organic matter and improves soil structure and fertility. Fertile soils 

increase agricultural productivity, which contributes positively to household welfare. 

1.2 Problem statement 

 

Most prior studies agree that CF methods result in household income gains (see for 

example: Keyser and Mwanza, 1996; Langmead, 2001; Kassie et al., 2002; Pieri et al., 

2002; Kabwe and Donovan, 2005; Hobbs, 2007; Twomlow and Hove, 2006). Most 

commonly cited pathways include its ability to directly increase crop yields, household 

income and reduce risks of crop failure (Shively, 1997). However, there is thin empirical 

evidence to support the claims of income gains caused by CF practices. For example, 

Hobbs (2007) contends that economic benefits of CF practices take long to kick start. In 

addition, Nyangena and Kohlin (2008) observe that CF plots have lower returns than 

plots without CF practices in Tanzania. Thus, a further examination of CF impacts on 

household incomes is warranted.  

 

Furthermore, earlier studies (for example, Haggblade and Tembo, 2003; Chomba, 2004;  

Kabamba and Kankolongo, 2009; Nyanga et al., 2011) on the economics of CF did not 

analyze plots with and without CF with similar characteristics, something that might have 

resulted into biased conclusions concerning the impacts of CF in Zambia. Heckman et al. 

(1998) observe that comparison of observations with non-comparable observable 

characteristics might result into biased conclusions in impact evaluation studies. Such 

results are less reliable than those based on matched samples. Few attempts have been 

made to ardently examine the average treatment effects of CF on smallholder farm 

household incomes using more robust methods in Zambia (for example: Keyser and 

Mwanza, 1996; Langmead 2001; Kabamba and Kankolongo, 2009; Nyanga, 2012).  
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In addition, none of the past impact research studies on CF in Zambia attempted to 

account for the heterogeneity in the decision to adopt CF or not, and for unobservable 

characteristics of smallholder farmers and their farms. To avoid such potential biases, the 

estimation strategy pursued in this study employed both parametric endogenous 

switching regression model and semi-parametric propensity score matching (PSM).  

 

An estimation of the impact of CF and its various practices on smallholder farm 

household incomes was done. A comparison of the estimated impacts among the various 

CF practices on smallholder farmers‟ household incomes was also done.  

1.3 Research Objectives 

The general objective of this study was to estimate the impact of CF on smallholder farm 

household incomes in Zambia. Specific objectives include:  

i) To determine the impacts of various CF practices on smallholder farm household 

incomes in Zambia. 

ii) To compare the impacts of various CF practices on smallholder farm household 

incomes in Zambia. 

1.4 Research Hypotheses 

i) Adoption of CF practices has a significant positive impact on smallholder farm 

household incomes in Zambia. 

ii) Various CF practices have similar positive impact on smallholder farm household 

incomes in Zambia. 

1.5 Justification of the study 

The existing nascent literature in Zambia on CF has thin empirical support. For example, 

most past literature in Zambia on CF is clouded with comparison of observations without 
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comparable observable characteristics. This leads to biased and inconsistent results 

(Heckman et al. 1998). Biased and inconsistent results have misleading policy 

implications. Continued reliance on such results might be costly to supporting institutions 

and governments that invest heavily in promoting these new technologies. Manyong et al. 

(2011) postulates that assessing the impact of farm technology adoption can assist with 

setting priorities, providing feedback to the research programs, guide policy makers and 

those involved in technology transfer to have a better understanding of the way new 

technologies are assimilated and diffused into farming communities, and show evidence 

that the farming community clients benefits from them. CF practices are among such 

technologies and this study has taken ardent interest to investigate their impacts on 

smallholder farm household incomes in Zambia.  

1.6 Organization of the Report 

The rest of this study is organized as follows. Chapter 2 presents the literature review, CF 

in Zambia and previous research studies on CF practices. Chapter 3 presents the research 

methodology that was used in this paper. Chapter 4 presents the results and discussion 

while chapter 5 presents the conclusion and recommendations based on the findings of 

this study. 
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CHAPTER 2 

 

LITERATURE REVIEW 

2.1 Introduction 

 

This chapter reviews literature on CF and its beginning in Zambia. The chapter then 

covers a synthesis of various studies on CF that are related to its impact. These studies 

include those done in Zambia and in other areas 

2.2 Conservation Farming in Zambia 

 

CF practices in Zambia date back to the late 1980s and early 1990s (Haggblade and 

Tembo, 2003). In the late 1990s and early 2000s, CF practices attracted the attention of a 

number of donor-financed non-governmental organizations (NGOs) one of which was the 

Co-operative League of the United States of America (CLUSA). CLUSA required its 

farmers to plant in CF basins as a pre-requisite for receiving input credit.  Dunavant 

Cotton Ltd increased its commitment to CF in its farming training and support 

programmes (Tembo & Haggblade, 2003). The major objective of these activities was to 

increase knowledge and adoption of CF practices by smallholder farmers in Zambia. 

Even the Government of the Republic of Zambia (GRZ) has since the mid-1990s 

affirmed that it would promote CF practices to the farming population (Tembo and 

Haggblade, 2003).  

 

In the same period noted above, other major stakeholder institutions joined in the support 

to promote CF among the smallholder farmers. These were CFU, the Department of Field 

Services in the Ministry of Agriculture and Co-operatives (MACO), the Soil 

Conservation and Agro-forestry Extension Project (SCAFE), Golden Valley Agricultural 

Trust (GART), and others. These cooperating institutions ensured that both small and 
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medium holder farmers had access to extension services that incorporated CF practices. 

By mid-1990s, CF practices were known by most Zambian smallholder farmers 

(Haggblade and Tembo, 2003). In 1998, MACO formally embraced CF as an official 

policy in the agricultural sector (GART, 2002; MAFF, 2001).  

 

 

Figure 2: Zambia’s agro-ecological regions 

Source: Soil Survey, Mt. Makulu, Chilanga, 2002. 

 

Out of Zambia‟s estimated area of 752,618 km
2
, practice of CF varies. Kabwe and 

Donovan (2005) note that areas that are more prone to drought are more likely to sustain 

use of various CF practices (for example, planting in basins and leaving crop residues) 

than those that are not. Thus agro-ecological regions (AER) I and II have the highest 

potential in which farmers sustain the use of CF (see Figure 2 above). CF practices are 
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generally not recommended in high rainfall areas such as AER III.
4
 Therefore, it is not 

surprising that CF practices are highly promoted in the arid and semi-arid areas of 

Zambia which cover AER IIa, the upper part of AER I and AER IIb. Figure 2 below 

shows Zambia‟s agro-ecological regions. 

2.3 Previous research on CF practices 

 

Several empirical studies have been carried out to investigate the impacts of CF practices 

in Zambia and other developing countries (for example, Haggblade and Tembo, 2003; 

Chomba, 2004; Kabwe and Donovan, 2005; Rocstrom et al., 2006; Kabamba and 

Kankolongo, 2009; Nyanga et al., 2011; Nyanga, 2012). A study by Chomba (2004) 

focuses more concentration on factors that affect adoption of CF but less depth about the 

impact these practices have on household incomes. It only points out that adoption of CF 

practices could be associated with certain physiographical conditions thereby 

necessitating the need to target support services. An example of such support services 

includes extension services that enable farmers to practice CF as recommended and have 

more farm incomes in the long term. However, the study does not specify how 

smallholder farm households would have more incomes if they adopted CF practices.  

 

Chomba (2004) also notes that physical constraints and climatic factors such as droughts 

associated with the geographical location of households are significant in adoption of CF 

practices, an observation in agreement with Clay et al. (2002), Ervin and Ervin (1982), 

Reardon and Vosti (1997a) and Gebremedhin and Swinton (2003). Despite all these 

observations, none of these studies attempt to estimate the impacts of CF practices on 

smallholder farm household incomes following adoption. 

 

                                                           
4
 Planting in basins and leaving crop residues in particular are CF practices that are not recommended in 

these areas.  
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Many previous studies observe that CF practices demand more hard work. For example, 

Haggblade and Tembo (2003a), Wall, 2007, Nyanga et al. (2011) contend that CF 

practices are labour intensive. Furthermore, weeds are initially problematic and require 

integrated weed management practices over time to control (Hobbs, 2007).  CFU 

advocates the use of herbicides applied with a locally designed applicator called the weed 

wipe to dramatically reduce weeding labor for smallholder farmers (Haggblade and 

Tembo (2003a). But Nyanga et al. (2011) observe that the use of herbicides is labour 

intensive, costly to smallholder farm households and has questionable environmental 

sustainability. These conflicting results also warrant further examination of impacts of CF 

practices on smallholder farm household incomes. 

 

Effects of CF practices vary across areas and among researchers. Haggblade and Tembo 

(2003) observed surprising results in some instances. First, their study finds that 

economic returns for smallholder farm households that practice CF using ox-drawn 

rippers are less than for the smallholder farm households that use hand-hoe CF basins. 

Second, their study finds that conventional hand hoe farmers financially perform better 

than animal draft tillage systems and nearly as well as the CF basins. However, their 

overall results show that income returns to peak season labor are higher under CF than 

under conventional farming.  Their results lack precision and statistical power because of 

the small sample size used and thus cannot be generalized. Besides, their study did not 

use robust techniques that account for heterogeneity and unobserved factors such as 

smallholder farmers‟ CF skills that could have impacted their results. This study used a 

simultaneous equations model with endogenous switching in an attempt to account for 

such characteristics so as to obtain more reliable results. 

 

Many other studies of CF practices in Zambia have relied on small samples sizes (for 

example, Keyser and Mwanza, 1996; Langmead, 2001); Kabamba and Kankolongo, 

2009; Nyanga, 2012). Their results could not be generalized throughout Zambia because 
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of different geographical features around the country. Besides, none of these studies used 

matching techniques to come up with more robust results. This study used these 

techniques to improve on past results.  

 

In terms of impacts of CF practices, little has been done on the relationship between CF  

practices and smallholder farmer‟s household incomes. Past empirical work has only 

concentrated on clarifying the relationship between CF practices and productivity.
5
 

Despite this, there is less empirical consensus among researchers concerning CF impacts 

in different countries. An empirical example is where Place and Hazell (1993) find that 

land-improving investments such as CF practices are not significant determinants of crop 

yield in using data from Ghana, Kenya, and Rwanda. In Gambia, Hayes et al. (1997) also 

reports similar results.
6
  

 

In addition, Nyangena and Kohlin (2008) find similar results in Kenya. On the other 

hand, Byiringiro and Reardon (1996) observe that farms with higher adoption of CF 

practices have greater productivity than non CF adopters in Rwanda though the type of 

CF practice used is not specified. This result is similar to the results in other studies (for 

example, Keyser and Mwanza, 1997; Haggblade and Tembo, 2003; Adgebidi et al., 

2004; Kaliba and Rabele, 2004; Menale et al., 2007; Kabamba and Kankolongo, 2009; 

Nyanga et al., 2011). Haggblade and Tembo (2003) report that farmers that adopted CF 

practices in Zambia produced more maize output than their counterparts who practiced 

conventional farming. Kaliba and Rabele (2004) find a positive and statistically 

significant relationship between wheat yield and CF practices for Lesotho. Adgebidi et al. 

                                                           
5
 Note that in this paper, the total value of output in monetary terms from a given hectare of land will be 

considered as income from that land. 

6
 See Nyangena and Kohlin (2008) for more details. 
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(2004) report a similar result for Benin as Kalebe and Rabele (2004) only after 

controlling for household specific constraints.  

 

Most of these studies suffer from methodological problems which could result in biased 

results. First, they do not control for household farm plot characteristics (for example, 

Keyser and Mwanza, 1997; Haggblade and Tembo, 2003; Kaliba and Rabele, 2004; 

Nyangena and Kohlin, 2008; Kabamba and Kankolongo, 2009; Nyanga et al., 2011).  

Second, they do not control for unobserved household characteristics and heterogeneity 

in adoption of CF practices because their methods could not account for these. Menale et 

al. (2007) and Nyangena and Kohlin (2008) are an exception. However, a study by 

Menale et al. (2007) loses generality as it is limited to returns to returns to bunds only. 

This limits the application of their results to other areas where bunds are not used.  

 

Third, most previous studies used smaller sample sizes which could result in imprecise 

results due to low statistical power (for example Keyser and Mwanza, 1997; Kaliba and 

Rabele, 2004; Nyanga et al., 2011). Fourth, none of the studies done in Zambia used 

matching methods to have comparisons based on similar observations of adopter an non-

adopters. As a result, they might have analyzed incomparable observations, something 

that might have resulted into biased results (Heckman, 1997).  

 

Fifth, none of these studies looked at the impacts of CF practices on smallholder farm 

household incomes.  Their concentration was on impacts of CF practices on crop yield 

and productivity. CF practices might result in improved household productivity and crop 

yield but these come with many constraints such as labour, household assets and resource 

base. Furthermore, little has been done on the impacts of CF practices on smallholder 

farm household incomes in Zambia. This warrants further examination of CF practices. 

This paper therefore attempts to determine impact of CF practices on smallholder farm 

household incomes in Zambia.  
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CHAPTER 3 

RESEARCH METHODOLOGY 

3.1 Introduction 

This chapter discusses the methods that were used to determine the impact of CF on 

smallholder farm household incomes in Zambia.  It begins with a theoretical framework, 

and then outlines an empirical framework and motivation for the suggested econometric 

methods used.  

3.2 Theoretical framework 

This study is underpinned by Roy‟s models of self-selectivity (Cameron and Trivedi, 2005; 

Wooldridge, 2002; Amemiya, 1985; Maddala, 1983). Roy (1951) considered the 

consequences for the occupational distribution of earnings when there is individual 

heterogeneity in skills and individuals self-select into occupations based on expected 

potential outcomes. Similarly, smallholder farmers are assumed to be heterogeneous such 

that they may tend to self-select to adopt CF practices. However, they tend to choose 

between alternatives 0 and 1 according to which has the higher utility. Hence, assuming 

that a utility function exists as a function of household income (for practicing CF), the 

utility function can henceforth be expressed as follows; 

jkjkjkjk mYU   ')(  ……………………………………………………….. (i) 

where jkY is the household income, 
km are observable characteristics that affect utility, 

jk is a stochastic error  term that captures the unobserved factors, j  denotes a 

smallholder farm household while k  is a dummy variable. It takes the value 1 if the 
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household adopts and 0 otherwise. Therefore, smallholder farm households will tend to 

compare levels of utilities that are associated with each available farming technology 

before a choice is made. 

 

Therefore, letting J be the difference in the levels of utilities for adoption decisions, the 

difference in the levels of utility between adopters and non-adopters will be, 

jkjkkkkkj mYYUUJ   '

0101 )( ……………………………………….(ii) 

   

where 
iY0
and 

iY1
 are household incomes for non-adopters and adopters of the technology 

respectively. However, the difference in the levels of utilities is unobserved but the decision to 

adopt and not is observable.
7
  

3.3 Empirical Framework 

3.3.1 Estimation, challenges, techniques and procedures 

 

Although literature suggests that there are many income gains associated with adoption of 

CF practices, estimation of income gains based on non-experimental observations is non-

trivial. This is because one cannot observe the income gains of those farmers who 

adopted CF practices had they not adopted them. What cannot be observed is the 

counterfactual outcome. In experimental studies, this problem is solved using 

randomization. For example, one can randomly assign improved varieties to both the 

comparison and treatment households. This gives more assurance that the income gains 

from the comparison households that did not receive the seeds statistically represent the 

outcome that treatment households would have, had they not received improved seeds. 

But adoption of CF practices is not randomly assigned to the adopters and non-adopters. 

                                                           
7
 An extension to the average treatment effects is explained in the parametric regression model that follows 
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They rather decide whether to adopt CF practices or not based on the information that 

they have. If adoption of CF practices is determined by the policy makers or the 

households decide to self-select and adopt CF practices, impact results would be steamed 

up by selectivity bias. Such results are not valuable for policy.  

 

Numerous econometric methods exist that are used to examine impacts of a technology 

on household incomes.  In determining the average treatment effects of adoption of CF 

methods on smallholder farmers‟ incomes, including a dummy variable for adoption of 

CF practices in the outcome equation and using ordinary least squares (OLS) would be 

useful. The dummy variable would be equal to one if the household adopted CF practices 

and zero otherwise. The assumption used here is that adoption of CF practices is 

exogenous. But unobservable factors may affect adoption decisions since adoption is 

voluntary and both adopters and non-adopters may have different characteristics. For 

example adoption of CF practices may be influenced by the skill or motivation of the 

farm households that decide to adopt them based on expected benefits. Thus adoption 

might be endogenous. Results would be biased and inconsistent.  

 

Solution to the endogeneity problem is finding suitable instruments but another problem 

emerges with the standard econometric method of using a pooled sample
89

. The question 

left unanswered in this case is twofold. One, do CF practices have the same average 

treatment effects (intercept shifter of the outcome equation) on both the adopters and 

non-adopters?  Two, does adoption of CF practices raise productivity of the factors of 

production (slope shifts irrespective of different coefficients of covariates) in the outcome 

equation? Thus pooled model regression assumes that the set of covariates has the same 

                                                           
8
A dummy regression model where-by an indicator variable is used to assess the impact of adoption of CF 

practices on smallholder farmers‟ income. 
9
 An instrument is a variable that is strongly correlated with the endogenous variable but not with the error 

term (Wooldridge, 2002) 
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impact on both adopters and non-adopter of CF practices. The intercept shift effect would 

be the same regardless of the parameter values in the equation.  

 

Besides, if the covariates used have different effects on the outcome equation, then it 

would be meaningful to estimate two outcome equations separately for two regimes while 

taking into account of endogeneity. Econometric problems of this type are endogeneity 

bias and sample selection bias (Hausman, 1978; Heckman, 1979). The problems 

identified above motivate use of both parametric and semi-parametric procedures to 

account for endogeneity and sample selection bias.  

3.3.2 The PSM method 

 

The PSM framework is a non-parametric approach that involves constructing a statistical 

comparison group by modeling the probability of participating in the program on the 

basis of observed characteristics that are unaffected by the program. Among the 

numerous methods of impact evaluation, this paper favors to use the PSM model because 

of its non-dependence on functional form and distributional assumptions. The method is 

intuitively attractive as it helps in comparing the observed outcomes of technology 

adopters with the outcomes of counterfactual non-adopters (Heckman et al., 1998). 

Despite its heavy data requirements, the matching method can produce experimental 

treatment effect results when such data are not feasible and/or available (Asfaw and 

Shiferaw, 2010).  

 

Basically, the PSM framework matches observations of adopters and non-adopters 

according to the predicted propensity of adopting a superior technology (Rosebaum and 

Rubin 1983; Heckman et al., 1998; Smith and Todd, 2005; Wooldridge, 2005). The CF 

adopters will then be matched on the basis of this probability, or propensity score, to non-

adopters of CF practices. The propensity score is defined as the conditional probability of 
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receiving the treatment given the pre-treatment variables (Rosenbaum and Rubin, 1983). 

Let Di denote a dummy variable such that Di equals 1 if household i adopts CF 

technology and 0 otherwise, the propensity score can be defined as; 

 

P(X) = Pr (Di = 1|X) = E (Di |X))      (1a) 

 

The propensity scores in this paper were estimated for respective CF practices and CF 

itself as a whole. The logit model was employed to estimate propensity scores. The logit 

model was specified as follows (Amemiya, 1985; Cameron and Trivedi, 2005); 

 
1

)'()1(Pr
'

'






X

X

i
e

e
xYob


       (1b) 

s' where   are parameters of interest, X is a vector of the covariates that affect practice 

of various CF methods. PSM has two important properties; the overlap and 

unconfoundedness assumption.
10 The unconfoundedness assumption is satisfied assuming 

that X denote a matrix in which each row is a vector of pre-treatment observable 

variables for smallholder householder i. Participation into practice of CF is unconfounded 

given pre-treatment variables X if within each cell defined by X, 

Y1i, Y0i  Di | X          (2) 

where  indicates „conditional independence.‟ Potential outcomes of the practice are 

conditionally independent. This means there are no unobserved factors that are associated 

with the practice of CF methods by the smallholder farmers and potential outcomes given 

the observable pre-CF practice covariates. Though unconfoundedness is controversial, it 

underlies standard regression methods to estimating treatment effects via a “kitchen sink” 

regression that includes covariates, the treatment indicator and possible interactions 

(Imbens and Wooldridge, 2007). 

                                                           
10

 Other authors call it the selection on observables, exogeneity, ignorability and conditional independence. 

See Imbens and Wooldridge, 2008; Cameron and Trivedi, 2005. 
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The overlap condition is stated as follows; 

 

0 < Pr (Di = 1|Xi = x) < 1 for all x.      (3) 

 

This assumption implies that the support of the conditional distribution of Xi given Di = 0 

overlaps completely with that of the conditional distribution of Xi given Di = 1. To ensure 

that the overlap assumption held, balancing tests were carried out. This was done so as to 

check if within each quantile of the propensity score distribution, the average propensity 

score and mean of X were the same. Formally, this implied that; 

)0|Pr()1|Pr(
^

 XDX it
 (Khandker et al., 2010)    (4)  

 

Several versions of balancing tests exist in the literature. But Rosenbaum and Rubin 

(1983) suggest the standardized mean difference (standard bias computed using the 

formula below) between treatment and control groups in which they recommend that a 

standard difference of greater than 20 percent should be considered too large, an indicator 

of failure of the matching process.  

 

Furthermore, a comparison of the pseudo R squared and p-values of the likelihood ratio 

tests obtained from the logistic regression analysis before and after matching are also 

recommended. Once matching is done, there should be no systematic differences in the 

distribution of covariates between the groups (Sianesi, 2004). For each variable and 

propensity score, the standardized bias (SB) is computed before and after matching as 

follows (Caliendo and Kopeining, 2008). 

2

)()(
100)(

xvxv

xx
xSB

ct

ct




         (5) 
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Where, ct xx  and  are the samples of the CF adopters and non-adopters respectively, 

while vt and vc are their corresponding variances. Furthermore, bias reduction (BR) is 

computed as follows: 
















before

after

xB

xB
BR

)(

)(
1100          (6) 

bias. is B(x) where      

Treated smallholder farm households therefore had similar comparison smallholder farm 

households in terms of observed characteristics that were unaffected by adoption of CF 

practices. This meant that both treatment and comparison smallholder farm households 

that did not satisfy the overlap assumption were dropped to ensure comparability though 

this might have resulted into sampling bias, thus imposing the common support condition 

is not necessarily better (Lechner, 2001). Heckman, Ichimura, and Todd (1997) 

nonetheless encourage dropping treatment observations with weak common support. 

However, monitoring was carefully pursued to ensure that the smallholder farm 

households that were dropped were quite systematically different in terms of observed 

characteristics from the sample that was used in the estimation of the average treatment 

effects of CF practices. 

                                                

The estimation of the propensity scores was a necessary step in the evaluation of CF 

impacts in this study. Ideally, it is possible to obtain treatment and comparison 

smallholder farm households with the same propensity score. However, a propensity 

score is a continuous variable and thus it is practically infeasible to get a CF adopter with 

the same propensity score with its counterfactual(s). Therefore, it was necessary to look 

for the counterfactual that matched CF adopter and CF non-adopter with similar 

propensity score.  
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Several matching algorithms exist in literature (see Smith and Todd, 2005). They match 

the adopters of technology with non-adopters with similar propensity scores. 

Asymptotically, all matching methods yield the same results (Caliendo and Kopeining, 

2008).
11

 

3.3.3 Parametric regression analysis 

 

This thesis study employed a parametric method, the endogenous switching regression 

model to estimate the average treatment effects of CF. The matched observations 

obtained from the non-parametric estimation using PSM were useful here. This was to 

improve the quality of the results and their consistency under different assumptions. The 

selection equation to adopt CF was specified as follows; 
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                                       (Maddala, 1983)

     (7)  

where *

iD , is the unobservable or latent variable for adoption of CF, iD is its observable 

counterpart. This is an explained variable for adoption of CF. iD equals one if the 

smallholder farm household adopts CF during a particular farming season and zero 

otherwise. 
iZ is a vector of non-stochastic observed farm and non-farm characteristics 

that determine the adoption of CF practices. 
iu  is the stochastic disturbance term 

associated with unobserved factors that determine adoption of CF practices. 

 

Adoption of CF practices is determined by many factors in Zambia. Economic theory 

postulates that a consumer will opt to purchase a commodity that optimizes his/her utility 

subject to the budget constraint. Similarly, the theory of agricultural household models 

                                                           
11

 For more seminal explanation of the PSM, see Rosenbaum and Rubin 1983; Dehejia and Wahba 2002; 

Heckman et al., 1998; Caliendo and Kopeining 2005; Smith and Todd 2005). 
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assumes that an agricultural household will try to maximize household welfare (utility) 

subject to the cash income, time and production function constraints in a typical perfectly 

competitive environment. Smallholder farmers likewise make adoption decisions that 

maximize their household welfare subject to their constraints. Therefore, it was expected 

that adoption of CF practices depend on human capital variables and/or household 

specific characteristics like family labor force, age, education level and gender of the 

household head, household size, off-farm income and employment status of the 

household members.  

 

Other factors that may affect adoption of CF practices are availability of extension 

services on CF, land ownership, agricultural asset ownership and access to credit and 

loans, access to media and involvement in co-operatives. These factors were included in 

the model for adoption of CF practices. Other factors that were included into the selection 

model are AER and distance to the market for sale of agricultural outputs. In Zambia, CF 

practices are recommended in the arid and semi-arid areas which cover AER I and IIa 

and IIb. The model also had dummy variables for the districts that helped capture 

infrastructure, remoteness and other geographical variations across regions. 

 

In overcoming the standard econometric method of using a pooled sample of CF adopters 

and non-adopters and also to account for endogeneity and selection bias, using the 

endogenous switching regression model framework, the smallholder farmers face two 

regimes (1) to adopt CF and (2) not to adopt. These were defined as follows: 
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where  y1i, and y0i are the household incomes for regimes (1) and (2) respectively, xi’s 

represent a vector of exogenous factors that are thought to influence adoption of CF, β0 

and β1 are the parameters to be estimated.
i0 i1  and ui (in the decision equation) are the 

stochastic disturbance  from the regimes outcome equations and selection equation. These 

are assumed to have a trivariate normal distribution, with mean vector zero and non-

singular covariance matrix shown below (Maddala, 1983). 

Cov ( 
iii u,, 21  ) =
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                                                             (9) 

where 2

1  and 2

2  are variances of the stochastic disturbance terms in the regime 

functions in equation (8). 2

u is the variance of the stochastic disturbance term in the 

selection equation shown as equation (7). 
21  represents the covariance of the 

stochastic disturbance terms in equation (8) while 
u1 is the covariance of 

i1 and 

ui. u2  is the covariance of 
i2 and ui. The covariance between 

i1 and
i2  is not defined 

because y1i and y0i from equation (8) are not determined simultaneously and it was 

assumed that 2 u =1 because   is estimable only up to a scalar factor (Maddala, 1983).  

 

A useful implication of the error structure is that the stochastic disturbance terms from 

the regime equations shown in equation (8) are correlated with the stochastic disturbance 

term in the selection equation. Therefore, expected values of the stochastic disturbance 

terms from the regime functions in equation (8) conditioned on sample selection are not 

equal to zero as shown below; 
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where  (.) is the standard normal cumulative density function and  (.) is the standard 

normal probability density function. If the estimated 
u1  and 

u2  are statistically 

different from zero, the null hypothesis of absence of self-section is rejected. This means 

that the decision to adopt CF and the outcome variable (household income) are 

correlated. Thus there is evidence of endogenous switching. This model is therefore 

called “switching regression model with endogenous switching” (Maddala and Nelson, 

1975). 

 

A method of estimation of the endogenous switching regression model that was used is 

Full Information Maximum Likelihood Estimation (FIMLE). This is because FIMLE 

yields more efficient estimates than an alternative two step procedure (Maddala, 1983; 

Sajaia, 2004)
12

. FIMLE estimates the decision criterion and the regime regression 

equations at the same time. Given the assumption with respect to the distribution of the 

stochastic disturbance terms, the logarithmic likelihood function for the system of 

equations (11) and (12) is as follows.
13
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.   is the standard normal cumulative distribution 

function, f is the standard normal probability density distribution function, wi is an 

optional weight for observation i, 1  and 2 are standard deviations of the error terms 

from the two regimes equations. Furthermore, 1  and  2 are  correlation coefficients 

                                                           
12

 An alternative estimation method is the two-step procedure. This method requires some adjustments to 

derive consistent standard errors and it is less efficient than FIMLE (Maddala, 1983). 

13
 See Maddala, 2004 
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between ui and respective stochastic disturbance terms from the two regime equations. 

After estimating the parameters, this thesis study estimated the household incomes of the 

smallholder farm households that adopted CF and those that did not.  The expected 

household incomes in the counterfactual hypothetical cases for the CF adopters and non 

CF adopters were estimated. 

3.3.4. Conditional Expectations, Treatment and Heterogeneity Effects 

 

The conditional expectations for household income in the four cases explained above are 

defined below and presented in Table 1. 

iuiii xDYE 11111i1 ) x1,|(          (13a) 

iuiii xDYE 22222i2 ) x0,|(          (13b) 

iuiii xDYE 21121i1 ) x0,|(          (13c) 

iuiii xDYE 12212i2 ) x1,|(          (13d) 

Table 1: Treatment, heterogeneity and transitional heterogeneity effects 

 

Sub sample 

     Decision 

stage 

 Treatment 

effects 

 To adopt        Not to adopt  

Farm households that adopt  (a) 

1)|( 1 ii DYE  

(c) 

1)|( 2 ii DYE  

On the treated 

(ATTi) 

Farm households that do not adopt (d) 

0)|( 1 ii DYE  

(b) 

0)|( 2 ii DYE  

On the 

untreated 

(ATUi) 

Heterogeneity effects      BH1i        BH2i     TH 

Notes: Outcomes (a) and (b) represent observed household incomes while (c) and (d) represent their 

respective counterfactual expected household incomes. 

Di = 1 if smallholder farm household i adopted CF and equals zero otherwise. 

Y1i = household income if the smallholder farm household i adopted CF. 

Y2i = household income if the smallholder farm household i did not adopt CF. 

ATTi = the effect of the treatment (i.e. CF) on the treated (smallholder farm households that adopted it). 

ATUi = the effect of the treatment (i.e. CF) on the untreated (smallholder farm households that did not 

adopt it). 

BHi = the effect of base heterogeneity for farm households that adopted (i = 1) and did not adopt (i = 2). 

TH = (ATTi‐ATUi) is the transitional heterogeneity 
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In Table 1, cases (a) and (b) along the diagonal represent the actual expectations observed 

in the sample. Cases (c) and (d) represent the counterfactual expected outcomes. In 

addition, we can calculate the effect of the treatment to adopt CF on the treated 

smallholder farm household as the difference between cases (a) and (c) (Heckman et al., 

2001). 

 

ATTi= 

(14)                                                                                                                

      )()(1)|( 1212111221111121 iuuiiiuiiuiiii xxxxDYYE   

 

Equation (14) represents the effect of CF on farm household income and of the farm 

households that actually adopted CF. In the similar manner, the effect of CF of the 

untreated (ATU) for the smallholder farm households that actually did not adopt CF will 

be calculated as follows, the difference between (d) and (b), 

 

(15)               )()(0)|( 22121221 iuuiiiii xDYYEATU   
 

 

The heterogeneity effects can be calculated from Table 1. For example, adopters of a 

technology may have earned more income and spend on consumption than farm 

households that did not adopt regardless of the fact that they decided to adopt but because 

of unobservable characteristics such as their skills (Asfaw and Shiferaw, 2010). 

Similarly, smallholder farmers who adopt CF may have earned more household income 

than smallholder farm households that did not adopt not because they decided to adopt 

but due to unobservable characteristics such as their ability and skills. Adapting Carter 

and Milon (2005) in this case, “the effect of base heterogeneity” for the group of 

smallholder farm households that decided to adopt CF can be defined as the difference 

between (a) and (d) in Table 1. This is shown below. 
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(16)            )()(0)|()1|( 211211111 iiuiiiiiii xxDYEDYEBH     

 

Like in equation (21) for the group of smallholder farm households that decided not to 

adopt, the effect of base heterogeneity is the difference between (c) and (b) in Table 1, 

calculated as shown in equation (22) below; 

(17)            )()(0)|()1|( 212212222 iiuiiiiiii xxDYEDYEBH     

The effect of adopting CF, transitional heterogeneity (TH) can be either larger or smaller 

for the smallholder farm households that actually adopted CF or for the farm household 

that actually did not adopt in the counterfactual case. TH is the difference between 

equations (16) and (17) and this study, this quantity was estimated. 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

4.1 Introduction 

This chapter begins with a discussion of the variables for the smallholder farm 

households included in the study. As the chapter progresses, an Ordinary Least Squares 

(OLS) and parametric estimation of the impact of CF and its practices is done. Finally, a 

detailed discussion of the conditional expectations of CF, minimum tillage, residue 

retention and crop rotation is done in detail.   

4.2 Descriptive statistics 

Survey data collected by Food Security Research Project (FSRP)/Central Statistical 

Office (CSO)/Ministry of Agriculture and Co-operatives (MACO) in 2008 were used in 

this study for both descriptive and empirical analyses.
14

 Data were nationally 

representative and part of the panel waves for smallholder farm households in Zambia. 

Though the data were collected in 2008, data captured were for the 2006/2007 farming 

season. A sample of 7,825 smallholder farm households was selected using a stratified 

three-stage sampling procedure. A large sample size was favored to increase statistical 

power especially for the non-parametric PSM method that yields more efficient results 

when the sample size is large (Shadish, Cook and Campbell, 2002). The scale of analysis 

was at household level and data was analyzed in Stata 12 and R.  

 

A detailed description of variables that were used in the analysis is given in Table 2. 

Definitions and description of these variables are presented in Appendix 1.  

 

                                                           
14

 Food Security Research Project is now called Indaba Agricultural and Policy Research Institute (IAPRI) 

http://en.wikipedia.org/wiki/Donald_T._Campbell
http://en.wikipedia.org/wiki/Donald_T._Campbell
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Table 2: Descriptive statistics 

            

Total sample 

 

CF adopters                        CF non-adopters 

Variable  name     Mean Std. Dev. Mean     Std. Dev. Mean       Std. Dev 

Dependent variables     

CF adoption (=1 if yes) 

Log of crop income
15

 

0.330 0.470 1.000 0.000 0.000 0.000 

13.571 2.150 13.724 1.905 13.495 2.257 

Independent variables 

Farm household characteristics 

     

     

Household size  6.015 2.986 6.195 3.052 5.927 2.949 

Primary education  0.753 0.431 0.780 0.415 0.740 0.438 

Basic education of 

head 

 0.247 0.431 0.237 0.425 0.252 0.434 

Secondary education 

of head 

 0.079 0.270 0.076 0.264 0.081 0.273 

Tertiary education of 

head 

 0.027 0.161 0.018 0.132 0.031 0.173 

Age of head in 

years 

 49.072 15.246 51.324 14.699 47.964 15.389 

Age squared of 

head 

 2640.506 1623.759 2850.11 1606.875 2537.312 1622.248 

Marital status of head 

(=1 if single) 

 0.293 0.455 0.061 0.239 0.408 0.491 

Gender of head 

(=1 if male) 

 0.776 0.417 0.772 0.420 0.778 0.416 

Head‟s years of 

education squared 

 45.143 53.789 40.828 47.717 47.267 56.422 

Household size 

squared 

 45.095 50.506 47.683 53.118 43.822 49.125 

Labour (adult 

equivalents). 

 5.016 2.522 5.220 2.575 4.916 2.490 

Forum group 

(=1 if yes) 

 1.936 0.245 1.929 0.258 1.940 0.238 

Remittances (ZMK)/1000  144 498 145 481 145 507 

Log of in kind 

income 

 14.731 1.264 14.769 1.216 14.712 1.287 

land tenure 

(=1 if secure) 

    0.031 0.173 0.028 0.165 0.033 0.177 

Related to kinship 

spouse 

 0.128 0.334 0.122 0.328 0.130 0.336 

      (Continued)  

                                                           
15

 Crop income is used as a proxy for household incomes in this study. The log of crop income per hectare 

was used as an outcome variable throughout the paper. 
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Table 2. Continued      

   

Total Sample 

 

CF adopters 

  

CF non adopters 

Variable name Mean               Std.  Dev. Mean Std. Dev.  Mean Std. Dev. 

Climatic factors      

AER I 

 (=1 if yes) 

 0.219 0.413 0.281 0.449 0.188 0.391 

AER II 

(=1 if yes) 

 0.255 0.436 0.326 0.469 0.220 0.414 

AER III 

(=1 if yes) 

 0.124 0.330 0.119 0.323 0.127 0.333 

Assets        

Own a radio 

(=1 if yes) 

 0.601 0.490 0.616 0.487 0.594 0.491 

Own Mobile phone, 

(=1 if yes) 

0.240 0.427 0.240 0.427 0.239 0.427 

Soil characteristics       

Plant manure 

(=1 if yes) 

0.029 0.168 0.030 0.169 0.029 0.167 

Fertilizer used 

(=1 if yes) 

0.340 0.474 0.361 0.480 0.329 0.470 

Animal and plant 

manure 

3.914 0.411 3.911 0.420 3.916 0.406 

Information access      

price infor access 0.770 0.421 0.792 0.406 0.759 0.428 

Maize price info 

access 

0.779 0.415 0.796 0.403 0.771 0.420 

Extension  

(=1 if yes) 

0.164 0.371 0.187 0.390 0.153 0.360 

Miscellaneous      

Dist to vehicular 

transport (km) 

8.994 17.299 7.480 14.171 9.739 18.604 

Dist to input market  

(km) 

38.684 39.460 36.963 37.565 39.532 40.337 

Dist to prod market 

(km) 

24.482 34.396 21.512 31.674 25.944 35.572 

Livestock holding 3.508 10.492 3.839 9.388 3.345 10.992 

Access to loan 

(=1 if yes) 

0.106 0.307 0.183 0.387 0.067 0.251 

Crop land size (ha) 1.929 2.351 1.971 2.593 1.909 2.222 

Sample size  7,388  2,437  4,951 

 

In Table 2, there are three major columns showing a description of the total sample, 

adopters of CF and non-adopters. Within these columns are the variable means and their 

standard deviations for the total sample, CF adopters and non-adopters. Matched 
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observations based on the propensity score were used. The total sample used in the 

analysis was 7,388 for CF, 437 observations were dropped as they were not in the region 

of common support. The number of smallholder farm households that adopted CF was 

2,437 while 4,951 smallholder farm households were non-adopters. Adoption of CF and 

the logarithm of crop income per hectare were the dependent variables. 

 

From Table 2, the average number of smallholder farm households that practiced CF 

from the total sample was 33 percent. Their mean value of incomes of all the crops grown 

was 13.751 percentage points. For adopters and non-adopters, log of crop income mean 

values were 13.724 and 13.495 percentage points.  The independent variables were farm 

household characteristics, assets, climatic factors, soil characteristics and miscellaneous 

factors.  The average household size for the total sample and for both CF adopters and 

non-adopters was about 6 members. The average age of the household head for the total 

sample was 49 years while for CF adopters, it was 51 years. For the non-adopters, the 

household head‟s average age was about 48 years. From Table 2, only about 6 percent of 

the CF smallholder farm households were headed by single persons. However, about 41 

percent of the smallholder farm households that did not adopt CF were headed by single 

persons. This is perhaps because CF practices are known to be labor intensive and it is 

expected that majority of smallholder farm households that are headed by single persons 

would not adopt such practices.  

 

In terms of the gender of the household head, about 77 percent of the smallholder farm 

households, both CF adopters and non-adopters were male headed. Education level of the 

household head was broken down into four categories, primary, basic, secondary and 

tertiary education. 
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An average of 78 percent of farm households that adopted CF had acquired primary 

education while 74 percent of the non-adopters had acquired primary education. The 

level of education for both groups was decreasing as one moves from basic to tertiary 

education. For example, only an average of 2 percent of smallholder farm households that 

adopted CF had acquired tertiary education while only an average 3 percent of the CF 

non adopters had acquired tertiary education.  

 

For climatic factors, about 28 percent of the smallholder farm households that practice 

CF were located in agro-ecological region 1 while an average of 19 percent of those 

smallholder farm households that did not practice CF were located in agro-ecological 

region 1. About 33 percent of the farm households that adopted CF were located in agro-

ecological region 2. This is synonymous with past literature that CF in Zambia is 

practiced by many in the semi-arid area of Zambia (see Haggblade and Tembo, 2003). 

Non-adopter households located in agro-ecological region 2 were about 22 percent. For 

both groups, about 12 percent were located in agro-ecological region 3, an area that is not 

favored for practice of CF in Zambia (Haggblade and Tembo, 2003; CF, 2007).  

 

For the assets owned, about 62 percent of the smallholder farm households that practiced 

CF owned a radio while it was owned by only about 59 percent of non-adopters.  A radio 

is useful for farmers as they are able to listen to agricultural programs some of which 

include promotion of agricultural technologies. Moreover, about 24 percent of the both 

CF adopters and non-adopters owned mobile phones.  

 

For agronomic characteristics, an average of 3 percent of both CF adopters and non-

adopters relied on plant manure. In addition, 36 percent of the CF adopters used 

fertilizers while only 33 percent used fertilizers. In concluding this category of 

independent variables, an interaction term of plant and animal manure was included 

among agronomic characteristics.  For information sources, the mean values under this 

category are comparable signifying that these two groups of smallholder farm households 

are similar. What are included in this category of independent variables are; access to 
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price information and extension services. For miscellaneous factors, one interesting 

feature is that about 18 percent of the CF adopters had access to loans while only 7 

percent of the non-adopters had such an opportunity. Other variables however included in 

this category of independent variables were distance to the input and product markets, 

distance to vehicular transport, access to loans, tropical livestock unit, use of local crop 

variety, cropland and land tenure. Nearly all these variables had similar mean values as 

seen in Table 2. Therefore, it is evident that both groups were similar in their 

characteristics because these observations were selected and matched based on their 

observable characteristics. This also motivated need to estimate the impact of CF 

practices in a more robust way. 

4.3 Impact Estimation 

This section presents a discussion of the results from the non-parametric analysis that is 

followed by the results from the parametric estimations for CF, minimum tillage, residue 

retention and leguminous crop rotations. The PSM model‟s results for CF are shown in 

appendix 2. Variables that were selected into the PSM were at least correlated with the 

outcome variable, the log of crop income per hectare and the treatment variable
16

. This is 

because the inclusion of variables that are strongly related to the treatment variable but 

only weakly or not related to the outcome can be detrimental to an estimate in a mean 

squared error sense and increase bias (Brookhart et al., 2006). 

4.3.1. Estimation of the propensity scores for Conservation farming 

In this study, the logit model was employed to estimate the propensity scores. The full 

logit model results that were used to the estimate the propensity scores for CF are shown 

in Appendix 2. In order to capture the region of common support, a visual inspection of 

the kernel density distributions of the propensity scores was done and plotted in Figure 3. 

                                                           
16

 Some variables included into the PSM model were not correlated with the treatment variable but strongly 

correlated with the outcome variable. 
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The common support region was selected and only 7,388 observations fell within it. 

Those that did not satisfy the common support condition were dropped in order to have 

robust results. As shown in Figure 3, the densities of the scores are on the y-axis and the 

propensity scores are on the x-axis. The null hypothesis supporting joint significance of 

the covariates in the PSM model was rejected as indicated by the p-value of the 

likelihood ratio test. The balancing test was satisfied to indicate that within the common 

support, fell the CF comparison and treatment smallholder farm households with similar 

observable characteristics. 

 

Figure 3:  Propensity score kernel distributions for CF comparison and treatment 

households 

Source: Authors‟ calculations, Data from FSRP 2008 Supplemental, September, 2013 
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4.3.2. Parametric estimation of the impact of CF 

Table 3 reports FIMLE estimates of the endogenous switching regression model for CF.
17

 

The first column presents the estimation by OLS of the log of crop income function 

without switching with a dummy variable equal to 1 if the smallholder farm household 

decided to adopt CF, 0 otherwise. The second column presents the estimated coefficients 

of the selection equation on adopting CF or not. It is noted above as equation (7). The 

third and fourth columns respectively present the estimated coefficients of the log of crop 

income per hectare for adopters of CF and non-adopters (equation (8)). 

 

Results of the estimation of the selection equation displayed in column (2) suggest that 

the main drivers behind smallholder farm households adopting CF are household size and 

access to vehicular transport. Other factors that were noted from the results include, age 

of household head, tertiary education, relationship to the kinship, access to information 

about the prices of agricultural products and the similarity in their observable 

characteristics. Smallholder farm households that are headed by persons that have had 

education up to  tertiary level were more likely to adopt CF. This might be because they 

have knowledge about CF and it is evident that the more education the household head 

has, the easier it becomes to decide on its adoption.  

 

This result is similar to the results by Barret et al. (2004) which they likewise find that 

adopters of new technologies tend to be relatively well educated. Results of the selection 

equation in column (2) further show that an increase in the smallholder farm household 

size by one person is associated with less likelihood for that household to adopt CF 

ceteris paribus. Household size is statistically significant and the lower the size of the 

smallholder farm household, the more likely it is for the household to adopt CF, holding 

other factors constant. 

 

                                                           
17

 the “movestay” command of STATA was used to estimate the endogenous switching regression model 

by FIMLE (Lokshin and Sajaia 2004). 
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Table 3: Full information maximum likelihood estimates of the endogenous switching 

regression for conservation farming 

 (1) (2) (3) (4) 

  Endogenous Switching Regression 

Model  OLS  Adoption=1 

(CF adopters) 

    Adoption=0 

(CF non-adopters) 

Dependent variables Log of crop 

income per 

hectare 

Adoption 1/0 Log of crop 

income per 

hectare 

Log of crop income 

per hectare 

Adoption 1/0 0.025    

 (0.044)    

Household size 0.095*** -0.05** 0.09*** 0.10*** 

 (0.020) (0.018) (0.032) (0.024) 

Gender head 0.277*** -0.05  0.29***  0.25*** 

(male=1, 0 o/w) (0.062) (0.049) (0.097) (0.078) 

Household size -0.002*  0.002 -0.002 -0.002 

(squared) (0.001) (0.001) (0.001) (0.001) 

Distanceto vehicular 0.002  0.003***  0.003  0.002 

transport (km) (0.002) (0.001) (0.003) (0.002) 

Distance to input 0.002*  0.0002  0.002  0.001 

market(km) (0.001) (0.001) (0.001) (0.001) 

Age of household 0.001 -0.01***  0.001 -0.001 

head (years) (0.002) (0.001) (0.003) (0.002) 

Primary education -0.148** -0.05 -0.21** -0.11 

(yes=1. 0, o/w) (0.060) (0.060) (0.088) (0.082) 

Basic education -0.025  0.03  0.07 -0.12 

(yes=1. 0, o/w) (0.054) (0.050) (0.074) (0.078) 

Tertiary education -0.280  0.32*** -0.42 -0.09 

(yes=1. 0, o/w) (0.192) (0.120) (0.359) (0.145) 

AER I -0.019 -0.20*** -0.07 -0.004 

(yes=1. 0, o/w) (0.060) (0.055) (0.094) (0.073) 

Related_kinship head  0.085* -0.07* -0.02  0.16*** 

(yes=1. 0, o/w) (0.047) (0.043) (0.074) (0.059) 

Animal & plant manure  0.244***  0.00  0.28*  0.20** 

(yes=1. 0, o/w) (0.087) (0.047) (0.154) (0.086) 

Price information access  0.517*** -0.14***  0.56***  0.44*** 

(yes=1. 0, o/w) (0.069) (0.044) (0.110) (0.087) 

Livestock holding  0.033*** -0.001  0.03***  0.03*** 

(tlu) (0.003) (0.002) (0.006) (0.003) 

Remittances  0.03  0.01  0.035  0.027 

(ZMK/1000000) (0.04) (0.05) (0.064) (0.052) 

Land tenure  0.119  0.06  0.02 0.220 

(yes=1. 0, o/w) (0.117) (0.132) (0.162) (0.164) 

Extension service     0.176*** -0.03 0.09 0.26*** 

(yes=1, 0 o/w)    (0.057) (0.057) (0.099) (0.060) 

Secondary education     0.064 0.09 0.15 -0.01 

(yes=1, 0 o/w)    (0.081) (0.087) (0.113) (0.115) 

(Continued
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Table 3. Continued   

 (1) (2) (3) (4) 

  Endogenous switching regression 

 

Model 

 

    OLS 

 Adoption=1 

(CF adopters) 

Adoption=0 

CF non-adopters) 

 

Dependent 

variables 

Log of crop 

income per 

hectare 

Adoption 1/0 Log of crop 

income per 

hectare 

Log of crop income 

per hectare 

Related_kinship spous     0.002 0.03 0.09    -0.07 

(yes=1, 0 o/w)    (0.061) (0.065) (0.096)    (0.074) 

Fertilizer use     0.950*** -0.06 0.81***      1.07*** 

(yes=1, 0 o/w)    (0.043) (0.048) (0.070)     (0.054) 

Forum group    -0.242*** 0.04 -0.30***     -0.17 

(belong=1, 0 o/w)    (0.0841) (0.081) (0.112)     (0.129) 

Propensity score  1.30***   

weight  (0.118)   

Constant    11.570*** -0.41 11.58***     11.47*** 

    (0.379) (0.294) (0.645)     (0.411) 

     

i
 

  1.712 

(0.06) 

1.867 

(.037) 

j
 

  0.029    

(0.051) 

-0.175*** 

 (0.022 

Robust standard errors in parentheses 

i  denotes the square-root of the variance of the stochastic disturbance terms εji in the outcome 

equations in equation (8). ρj  represents the covariance of the stochastic disturbance terms in the 

outcome equations of equation  (8) and the stochastic disturbance term of the selection equation in 

equation (7). Sample size; 7388 smallholder farm households. 

Wald test of independence of equations:  Chi2 (1) = 13365.55   Prob > chi2 = 0.0000 

*Significant at the 10% level; **Significant at the 5% level; ***Significant at the 1% level. 

 

Age of the head of the smallholder farm household is statistically significant at 1 

percent significance level and results indicate that an additional year to the age of the 

household head is associated with less probability of that household to adopt CF. The 

average age of the heads of smallholder farm households that adopted CF was 51.2 

years and as the saying goes, „old habits die hard.‟ Older household heads perhaps 

would be less likely to adopt new technologies such as CF because they would 

believe that conventional ways of farming are still the best. Relationship to the 

kinship head is statistically significant. As it can be shown in column (2) of Table 3, 

smallholder farm households with household members that are related to the kinship 

head are less likely to adopt CF. One of the possible reasons behind this is that 
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households that are related to the kinship families have rules for farming that govern 

use of agricultural practices in their societies. For example, one of the areas in 

Petauke, the chief does not allow anyone who immigrated to the same area to use 

any new methods of farming on his land including turning it into a grave yard 

(MACO, 2008). This signifies that kinship rules are still in existence and they govern 

practice of new agricultural methods in society.  

 

About the impacts of CF on smallholder farm household incomes, column (1) in 

Table 3 presents estimation results of the impact by OLS. This approach would lead 

one into concluding that there is no significant difference in the farm household 

incomes per hectare between smallholder farm households that adopted CF and 

smallholder farm households that did not adopt CF. As can be seen,  the coefficient 

of the dummy variable adoption is positive but statistically not different from zero 

(column (1) of Table 3). However, this approach relies on an asumption that 

adoption of CF is exogenous while it is potentially endogenous. Furthermore, this 

approach does not explicitly account for potential structural differences between CF 

adopters and non-adopters. Therefore estimation via OLS would yield biased and 

inconsistent estimates (Amemiya, 1985). 

 

As shown Table 3, the estimates that are presented in columns (3) and (4) account 

for the endogenous switching in the outcome equations for two regimes. The 

likelihood ratio test indicates that the two equations are independent (p-value=0.00). 

The estimated coefficients of the correlation terms ρj are shown in the bottom row of 

Table 3. The correlation coefficient for CF adopters is positive but not significantly 

different from zero. Although it could not have been known a priori, this implies that 

the null hypothesis of absence of sample selectivity bias may not be rejected (Falco 

et al., 2011). 
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On the other hand, the correlation coefficient for non-adopters of CF is negative but 

significantly different from zero at 1 percent level indicating that the null hypothesis 

of sample selection is not rejected. The model suggests that smallholder farm 

households that choose not to adopt CF obtain higher household incomes per hectare 

due to unobserved characteristics than a random smallholder farm household in that 

regime. It further suggests that smallholder farm households that adopt CF receive 

neither higher nor lower household incomes per hectare than a random smallholder 

farm household in that regime. 

 

From the estimated coefficients of the outcome equations (columns (3) and (4) in 

Table 3 , as expected, factors such as gender of the household head, household size, 

use of fertilizer, access to information about prices and livestock holding are 

significantly associated with an increase in the crop income per hectare for 

smallholder farm households that adopted CF. Interestingly, the same factors 

discussed above affect crop income per hectare for smallholder farm households that 

did not adopt CF in addition to relation to the kinship head and extension services 

received.  

 

Another interesting result between CF adopters and non-adopters concerns the 

magnitudes of the estimated coefficients in their outcome equations. They are similar 

though not the same. This is as expected because they were matched observations 

based on their propensity scores. However, they are not exactly the same indicating 

the presence of heterogeneity in the total sample (columns (3) and (4)) in Table 3).  

 

Table 4 presents the expected crop income per hectare for CF adopters and non-

adopters under the actual and counterfactual conditions. The values of expected crop 

income per hectare observed in the sample for CF adopters and non-adopters are 

represented by cells (a) and (b) respectively. Cells (c) represents what adopters of 
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crop rotation would realize if they did not adopt while and case (d) represents the 

value of expected crop income per hectare for non-adopters had they adopted CF. 

 

Table 4: Expected log of crop income per hectare, treatment and heterogeneity effects 

of CF 

Decision stage 

 To adopt Not to adopt Treatment effects 

Log of crop income per hectare                                                            

CF adopters (a)13.724 

    (0.017) 

(c) 13.235 

     (0.019) 

ATT = 0.489*** 

           (0.005) 

 

CF non-adopters 

 

(d) 13.60 

    (0.012) 

 

(b)13.561 

    (0.039) 

 

ATU = 0.039*** 

          (0.004) 

Heterogeneity 

effects 

     0.124     -0.326  TH =  0.45 

Standard errors in parentheses, 

*Significant at 10%, **Significant at 5%, ***Significant at 1%. 

 

The expected crop income per hectare by smallholder farm households that adopted 

CF is higher than for smallholder farm households that did not adopt it by 16.3 

percent (case (a) minus case (b)). This simple comparison however, can be 

misleading and can drive one into conclusion that on average, the smallholder farm 

households that adopted CF reaped more than their counterparts who did not adopt 

CF. 

 

The last column of Table 4 presents the treatment effects of adoption CF on crop 

income per hectare. Had CF adopters decided not to adopt, case (c), they would have 

realized about 48.9 percent less crop income per hectare.  Furthermore, if the 

smallholder farm households that did not adopt CF had adopted it, case (d), they 

would have realized about 3.9 percent more of crop income per hectare.  These 

results mean that adoption of CF significantly increases smallholder farm household 

incomes per hectare. This highlights existence of some unobserved heterogeneity 

effects (for example farming skills) that make CF adopters better off. 
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In the last row of Table 4, heterogeneity effects of CF are discussed. The results 

show that smallholder farm households that adopted CF would significantly realize 

higher average crop incomes per hectare than non-adopters had they (non-adopters) 

adopted CF by about 12.4 percent. However, had the adopters of CF decided not to 

adopt it, they would realize less crop incomes per hectare than non-adopters by about 

32.6 percent due to unobserved characteristics. Finally, transitional heterogeneity 

effects are positive and 45 percent higher. This implies that the impact of CF on 

smallholder farm household incomes is significantly higher for smallholder farm 

households that actually adopted CF than the household incomes of those that did not 

adopt it. 

4.4 Average treatment effects of crop rotation 

4.4.1 Estimation of the propensity scores for crop rotation 

 

In this study, one of the specific objectives was to determine the impacts of the 

various CF practices which include; crop rotation, minimum tillage and residue 

retention as discussed above. This section presents impact estimation for crop 

rotation alone so as to cater for those smallholder farm households that may decide 

to practice crop rotation alone. PSM model results indicate that from a total sample 

size of 7,825 households, only 7,289 households were in the area of common support 

(0.0012, 0.412). Results show that 457 households adopted crop rotation 

representing 6.26 percent adoption rate, the rest were non-adopters. Full logit model 

estimates for crop rotation are reported in appendix 3.  

4.4.2 Parametric estimation of the impact of Crop Rotation 

 

The estimation results of the endogenous switching regression are presented in Table 

5 below.  
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Table 5: Full information maximum likelihood estimate of the endogenous switching 

regression for Crop rotation 

 (1) (2) (3) (4)  
 Endogenous Switching regression  

 Adoption=1 Adoption=0  
 

Model 

 

OLS 

 Crop Rotation 

non-adopters 

Crop Rotation 

adopters 
 

Dependent variable Log of crop 

income per 

hectare 

Adoption 

1/0 

Log of crop 

income per 

hectare 

Log of crop 

income per 

hectare 

 

Crop Rotation 

adoption 1/0 

0.391*** 

(0.0964) 

    

household size 0.122*** 0.010 0.0502 0.133***  
 (0.021) (0.021) (0.0343) (0.0220)  
Gender of head 0.228*** 0.011 0.529*** 0.201***  
Head (=1 if male) (0.059) (0.068) (0.124) (0.0615)  
Household size -0.003** -0.0003 -0.000277 -0.00352***  
squared (0.001) (0.001) (0.00176) (0.00129)  
Primary education -0.121* 0.093 -0.0968 -0.124*  
(yes=1, 0 o/w) (0.068) (0.079) (0.142) (0.0708)  
Basic education 0.036 -0.078 0.0226 0.0270  
(yes=1, 0 o/w) (0.055) (0.063) (0.111) (0.0578)  
Secondary_education 0.107 0.104 0.227 0.0732  
(yes=1, 0 o/w) (0.102) (0.114) (0.202) (0.108)  
Tertiary education -0.115 0.444* -0.602 -0.126  
(yes=1, 0 o/w) (0.154) (0.238) (0.505) (0.160)  
Land tenure 0.080 -0.145 -0.336 0.0727  
 (0.134) (0.178) (0.362) (0.139)  
Forum group      -0.280*** 0.0114 -0.540*** -0.253***  
     (0.093) (0.108) (0.199) (0.098)  
Distance to vehicular   0.002* -0.007*** 0.005 0.003*  
transport in km (0.001) (0.003) (0.005) (0.001)  
AER I         0.254***   0.736*** 0.0259 0.207***  
(yes=1, 0 o/w)   (0.063) (0.069) (0.108) (0.065)  
Fertilizer use        1.021*** -0.122** 0.698*** 1.042***  
   (0.053) (0.059) (0.0986) (0.0548)  
Animal& plant manure        0.273*** 0.125* 0.829*** 0.254***  
(yes=1, 0 o/w)    (0.057) (0.073) (0.153) (0.060)  
Price information         0.490***   0.366*** 0.276* 0.488***  
(yes=1, 0 o/w)    (0.056) (0.072) (0.151) (0.058)  
Llivestock holding         0.024*** 0.003      0.028*** 0.024***  
(yes=1, 0 o/w)          (0.002) (0.002) (0.005) (0.002)  

(Continued)
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Table 6. Continued 

 (1) (2) (3) (4)  
  Endogenous switching regression model  
   Adoption=1 Adoption=0  
 

Model 

 

OLS 

 Crop Rotation non-

adopters 

Crop Rotation 

adopters 
 

Dependent 

variable 

Log of crop income 

per hectare 

Adoption 

1/0 

Log of crop income 

per hectare 

Log of crop income 

per hectare 
 

Remittances  5.58×e-08 -3.05e-09 1.9×10-7 4.7×10-8  
Income (ZMK) (5.5×-08) (7.0×10-8) (1.4×10-7) (5.7×10-8)  
Age of head 0.005*** -0.004** -0.0003 0.005***  
 (0.002) (0.002) (0.003) (0.002)  
Marital status 0.0695 -0.002 0.277*** 0.061  
(=1 if single) (0.051) (0.058) (0.102) (0.053)  
Cash in kind -2.3×10-7 -4.110-7* -2.6×10-7 -2.2×10-7  
(ZMK) (1.7×10-7) (2.5×10-7)   (4.0×10-7) (1.9×-07)  
Constant 11.19*** 2.662***   10.59***   11.18***  
 (0.318) (0.389) (0.805) (0.333)  

i
 

       0.930*** 

          (0.031) 

    1.95*** 

(0.017) 
 

j
 

             0.023 

          (0.126) 

          -0.129 

          (0.042) 
 

Sample size : 7289 observations. 
i  denotes the square-root of the variance of the stochastic 

disturbance terms εji in the outcome equations in equation (8). ρj represents the covariance of the 

stochastic disturbance terms in the outcome equations of equation  (8) and the stochastic disturbance 

term of the selection equation in equation (7). 

Wald test of independence of equations: Chi2 (1) = 770.38   Prob > chi2 = 0.000 

*Significant at the 10% level; **Significant at the 5% level; ***Significant at the 1% level 

 

 

The first column of Table 5 presents the OLS regression results of the log of crop 

income function with no switching and with a dummy variable equals 1 if the 

smallholder farm household adopted crop rotation and 0 otherwise. The second, third 

and fourth columns present results from the selection equation (1) and outcome 

equations (equation (8)) for crop rotation adopters and non-adopters, respectively.  

 

Results of the estimated coefficients of the selection equation indicate that the main 

factors that affect decisions to adopt crop rotation are access to information about 

prices of agricultural inputs and outputs and use of fertilizer. Other factors identified 

from the results are agro-ecological region, an interaction of plant and animal 
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manure, tertiary level of education for the household head, age of household head, 

distance to access of vehicular transport and amount of income received from in kind 

sources the household received. 

 

Smallholder farm households that have access to information about prices of 

agricultural inputs and commodities were found to be more likely to adopt crop 

rotation. Thus information plays a significant role at influencing smallholder farm 

households to adopt crop rotation and those households that face information 

asymmetry would less likely adopt crop rotation.  

 

An additional year to the household head‟s age negatively influences the farm 

household‟s decision to adopt crop rotation. This result is similar to the case of CF 

discussed previously. In case of agro-ecological regions, smallholder farm 

households that are located in AER I are more likely to adopt crop rotation than 

those located in other regions. Zambian AER I is more prone to droughts and crops 

that are drought resistant are favoured. Thus one might be more willing to switch 

crops with drought resistant ones during a drought year. In addition, results show that 

as the household size continues to rise, there is less likelihood for that household to 

adopt crop rotation perhaps the need to grow one crop for example staple maize is 

desirable to cater for additional household members.  

 

Results further indicate that smallholder farm households that are headed by 

household heads that have reached tertiary education are more likely to adopt crop 

rotation. This can be attributed to the fact that such farm households may have access 

to information pertaining to recommended sequence of practicing crop rotation 

through their household head. As indicated in column (2) of Table 5, farm 

households that use fertilizer are found to be less likely to adopt crop rotation. This 

implies that fertilizer use decreases the probability of adopting crop rotation as these 
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two activities are practically known to add nutrients to the soil. Households that use 

both plant and animal manure are also less likely to adopt crop rotation.  

 

OLS results in column (1) indicate that smallholder farm households that adopt crop 

rotation would have 39.1 percent higher crop incomes than their counterparts who 

did not adopt it, holding other factors constant. As indicated, the coefficient for 

adoption is highly significant. However, OLS assumes that adoption of crop rotation 

is strictly exogenous but such adoption is voluntary and thus it is potentially 

endogenous. Therefore, OLS results in this case would not account for endogenous 

switching for crop rotation and results from it would be biased and inconsistent. 

 

As discussed before, an endogenous switching regression model was used for robust 

results. The likelihood ratio test indicates that the two equations (in equation (8)) for 

crop rotation are not independent (p-value>0.00). The correlation coefficient (second 

last row of Table 5) for crop rotation adopters is positive but not significantly 

different from zero implying that though unknown a-priori, the null hypothesis of 

self-selectivity might not be rejected for them. On the other hand, the correlation 

coefficient of crop rotation non-adopters is negative but statistically different from 

zero.  This implies that a smallholder farm household that adopted crop rotation 

would realize more crop income than a random smallholder farm household in the 

sample that did not adopt crop rotation.  

 

Although both groups of adopters and non-adopters were matched based on their 

propensity scores, there are differences in the coefficients of the log of crop income 

equation between the smallholder farm households that adopted crop rotation and 

those that did not adopt it. This demonstrates the presence of heterogeneity in the 

sample (Table 5, columns (3) and (4)). Consistent with a priori expectations, marital 

status, gender, livestock holding, access to information about prices of inputs and 

outputs, use of fertilizer and plant and animal manure were significantly associated 
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with increase in crop incomes. However, smallholder farm household‟s 

belongingness to a forum group was found to be significantly associated with 

reduction in crop income.  

 

For smallholder farm households that did not adopt crop rotation, many factors were 

associated with an increase in their crop incomes. Age and gender of household 

head, household size and livestock holding were significantly associated with an 

increase in crop incomes for non-adopters of crop rotation. Furthermore, AER I, 

access to information about prices of agricultural inputs and commodities, distance 

to access of vehicular transport were also significantly associated with increase in 

crop incomes. However, an additional increase in household size was found to 

results in diminishing returns to crop incomes. Smallholder farm households that 

belonged to a forum group and those whose household heads had only attained 

primary education were associated with lower crop incomes.  

 

Table 6 presents the expected log of crop income per hectare for both smallholders 

that adopted and did not adopt crop rotation. Cells (a) and (b) represent observed 

outcomes for crop rotation adopters and non-adopters respectively. Cells (c) and (d) 

present their respective counterfactual outcomes.  

 

Table 6: Expected log of crop income per hectare, treatment and heterogeneity effects 

of crop rotation 

Decision stage 

 To adopt Not to adopt Treatment effects 

Log of crop income per hectare                                                            

Crop rotation 

adopters 

(a)14.232 

    (0.057) 

(c) 13.324 

     (0.042) 

 

ATT =0.907*** 

      (0.037) 

Crop rotation non-

adopters 

(d) 13.844 

    (0.023) 

(b)13.531 

    (0.011) 

ATU =0.312*** 

      (0.017) 

Heterogeneity 

effects 

    0.388    -0.207 TH =0.595 

Standard errors in parentheses, 

*Significant at 10%, **Significant at 5%, ***Significant at 1 %
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By simple comparison, the expected crop income that would accrue to smallholder 

farm households that adopted crop rotation is higher than the expected crop income 

that non-adopters of crop rotation would reap by 70.1 percent (case (a) minus case 

(b)). This result would be misleading but the last column of Table 6 gives the 

treatment effects that are more helpful for interpretation. Smallholder farm 

households that adopted crop rotation would have less average crop income per 

hectare than they would have if they did not adopt crop rotation by 90.7 percent.
18

 

 

In case of non-adopters of crop rotation, if they had decided to adopt, their expected 

crop income per hectare would have been more than they would have if they had not 

adopted by 31.2 percent (case (d) minus case (b)). The last row of Table 6 shows the 

heterogeneity effects.  The impact on adopters was more than on non-adopters 

perhaps signifying why the latter have not adopted after all. 

 

The observed outcome (case (a)) for smallholder farm households that adopted crop 

rotation is more than what non-adopters would realize had the latter decided to adopt 

crop rotation (case (d)). From Table 6, this implies that smallholder farm households 

that adopted crop rotation would be expected to have 38.8 percent more crop income 

than their counterparts had their counterparts decided to adopt crop rotation. 

Furthermore, if the smallholder farm households that adopted crop rotation had 

decided not to adopt it, they would be expected to realize less crop income by 20.7 

percent than those who did not adopt crop rotation. These results highlight the effects 

of heterogeneity in the sample implying that adopters of crop rotation still are 

expected to have more crop income per hectare than non-adopters. 

                                                           
18

 Average treatment effects on the treated. 
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4.5 Average treatment effects of Residue retention 

4.5.1 Estimation of propensity scores for residue retention 

In the sample, there were smallholder farm households that adopted residue retention 

alone, one of the prominent packages of CF. The logit estimates for propensity 

scores for residue retention are reported in appendix 4. A total of 7,396 observations 

satisfied the common support condition with 2,020 smallholder farm households 

having adopted residue retention representing an adoption rate of 23.7 percent.  

4.5.2 Parametric estimation of the ATEs of Residue retention 

 

Estimation results of the endogenous switching regression model for residue 

retention are presented in Table 7. Column (1) reports OLS regression results with a 

dummy variable residue retention adoption which equals 1 if the smallholder farm 

household adopted residue retention, equals 0 otherwise. Column (2) shows 

estimated coefficients of the selection equation (equation (7)) while columns (3) and 

(4) report results of the outcome equations for residue retention adopters and non-

adopters respectively (equation (8)). 

  

Results of the selection equation (column (2)) indicate that the main factors that 

affect adoption of residue retention are age, marital status and tertiary level of 

education for the household head. Others include field size, money from household 

remittances, household size and if the household head had no education at all. Age of 

the household head is found to positively affect adoption of residue retention, when 

other factors are held constant. An increase of the household size by one member is 

found to positively affect adoption of residue retention, ceteris paribus. Furthermore, 

smallholder farm households whose household heads had attained tertiary education 

are significantly found to be more likely to adopt the technology. There are other 

factors that are found to negatively affect adoption of residue retention.  

Table 7 
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Table 7: Full information maximum likelihood estimates of the endogenous switching 

regression for Residue retention 

 (1) (2) (3) (4) 

  Endogenous switching regression 

   Adoption=1 Adoption=0 

Model OLS  CT adopters CT non-

adopters 

Dependent variable Log of crop 

income per 

hectare 

Adoption 1/0 Log of crop 

income per 

hectare 

Log of crop 

income per 

hectare 

Adoption 1/0  0.114**    

 (0.054)    

Tertiary education -0.072 0.239*  -0.480 0.044 

 (0.143)     (0.137)   (0.325) (0.109) 

Distance to product 0.001 -0.0003 -0.001 -0.002 

market in km (0.001)  (0.0006)   (0.002) (0.002) 

Age of household head 0.003**    0.013***  0.004 0.002 

(years) (0.001)     (0.001)  (0.003) (0.002) 

Log of field size   1.022*** -0.139**     1.108***    1.190*** 

 (0.060) (0.058)        (0.109) (0.074) 

Land holding size 0.002*     -0.003 0.014 0.002 

 (0.001) (0.003)        (0.008) (0.002) 

Log of in kind income -0.010     -0.002 0.001 -0.0087 

 (0.010) (0.008)         (0.01) (0.014) 

Access to loans    0.495***  0.0196     0.464***    0.466*** 

  (0.081) (0.067) (0.063) (0.051) 

Price information     0.344*** 0.036     0.516***    0.320*** 

 (0.055)  (0.047) (0.123) (0.080) 

Livestock holding    0.012*** -0.001     0.016***    0.013*** 

(tropical livestock unit)        (0.002)  (0.002) (0.004) (0.002) 

Remittances  0.035  -0.079*    0.071   0.05 

(ZMK/1000000) (0.049)  (0.042)    (0.071)    (0.048) 

Fertilizer use 0.729***  0.074    0.631***    0.832*** 

 (0.055)  (0.046) (0.075) (0.060) 

Animal manure use -0.445**  0.016 -0.701* -0.412* 

 (0.181)  (0.159) (0.396) (0.247) 

Plant manure use    -0.432***  0.058 -0.369 -0.382* 

 (0.134)  (0.115) (0.379) (0.232) 

Own radio    0.164*** 0.007 0.142   0.204*** 

  (0.050)  (0.043) (0.091) (0.065) 

Own mobile phone  0.060   0.0476 -0.057 -0.0303 

 (0.060)   (0.052) (0.107) (0.084) 

Extension service   0.128** -0.0718 -0.038     0.215*** 

 (0.062)  (0.053) (0.111) (0.059) 

(Continued) 
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Table 7. Continued 

 (1) (2) (3) (4) 

  Endogenous switching regression 

   Adoption=1 Adoption=0 

Model OLS  CT adopters CT non-

adopters 

Dependent variable Log of crop 

income per 

hectare 

Adoption 1/0 Log of crop 

income per 

hectare 

Log of crop 

income per 

hectare 

Forum group -0.177*        -0.091 -0.219*     -0.048 

   (0.090)  (0.077) (0.124)     (0.148) 

Distance to vehicular  0.002 0.0002    0.007** 0.005** 

transport in km  (0.002) (0.001)         (0.003)      (0.002) 

Log of in kind income     -0.018*** 0.005         -0.008  -0.027*** 

  (0.004) (0.004) (0.007)      (0.004) 

No formal education    -0.078***   -0.061**         -0.056 -0.111** 

  (0.029)  (0.025)  (0.046) (0.0517) 

Agro-ecological region I -0.088 0.015         -0.109 -0.193** 

   (0.065)  (0.053)   (0.081)      (0.074) 

Primary education -0.090   0.0221    -0.233***       -0.059 

  (0.057)   (0.049) (0.089) (0.075) 

Household size      0.048***       0.044***     0.041***     0.046*** 

  (0.008)   (0.007) (0.015) (0.009) 

Gender of  head    0.114**  0.049 0.157 0.058 

  (0.056)   (0.049)  (0.106) (0.075) 

Marital  status of head  0.022       -6.412***   

(single=1, 0 o/w)   (0.053)    (0.121)   

Constant       12.41***       -0.441**     12.22***   12.11*** 

  (0.221)     (0.190)   (0.355) (0.321) 

i
 

 

  1.674    

0.069 

1.943    

0.042 

j
 

            0.103 

        (0.084) 

      -0.013 

      (0.035) 

Sample size : 7289 observations. 
i  denotes the square-root of the variance of the stochastic 

disturbance terms εji in the outcome equations (equation (8)). ρj represents the covariance of the 

stochastic disturbance terms in the outcome equations of equation (8) and the stochastic disturbance 

term of the selection equation (equation (7)). 

Wald test of independence of equations: Chi2 (1) = 16596.09      Prob > chi2 = 0.000 

*Significant at the 10% level; **Significant at the 5% level; ***Significant at the 1% level 

 

For example, smallholder farm households whose heads had not received any form 

of education are found to be less likely to adopt the technology. This is perhaps 

because they had not heard of it and its implications on household incomes. 

Moreover, an increase in field size of the smallholder farm household by a hectare is 

found to be associated with less likelihood of adoption of the technology. This might 
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be because the household head thinks that there is no need to increase filed size as 

the one available is enough. Furthermore, smallholder farm households whose heads 

are single are found to be less likely to adopt residue retention. The reason might be 

because single household heads do not receive any advice from spouses who would 

advise when it comes to farming. 

 

Results from OLS regression show adopters of residue retention had about 11.4 

percent more crop incomes than non-adopters. This result is statistically different 

from zero but results from OLS that includes a dummy variable for adoption are 

biased and inconsistent because adoption is potentially an endogenous variable. As 

discussed before, to avoid such biases, endogenous switching regression was used.  

 

The last two rows under endogenous switching regression results in Table 7 show 

estimated correlation coefficients ρj for adopters and non-adopters and are both not 

statistically different from zero. Therefore, even if it were unknown a priori, this 

implies that the null hypothesis of absence of sample selectivity bias may not be 

rejected. As expected, results of the outcome equations (last two columns of Table 7) 

suggest that many factors significantly affect the crop incomes for both adopters and 

non-adopters of residue retention. It is found that field size, access to loans, access to 

information on prices of agricultural inputs and commodities, livestock 

ownership/holding and fertilizer use positively affect expected crop incomes per 

hectare for both groups. 

 

Furthermore, smallholder farm households whose family heads had only received 

primary education are found to be associated with lower crop incomes for both 

groups while extension service significantly affect crop incomes of non-adopters 

positively. An interesting but rather surprising result was that use of plant and animal 

manure is found to negatively affect crop incomes for both households that adopted 
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residue retention and those that did not. This could be because only a few households 

apply both plant and animal manure in Zambia. 

 

Table 8 presents the expected results of crop incomes for both smallholder farm 

households that adopted and did not adopt residue retention in Zambia. As discussed 

before, cells (a) and (b) represent observed outcomes for adopters and non-adopters 

of the technology, respectively. Case (c) represents the outcome residue retention 

adopters would realize if they had decided not to adopt residue retention while cell 

(d) represents the outcome non-adopters of residue retention would realize if they 

had decided to adopt residue retention. 

 

Table 8: Expected log of crop income per hectare, treatment and heterogeneity effects 

of residue retention 

Decision stage 

 To adopt Not to adopt Treatment effects 

Log of crop income per hectare                                                            

Residue retention 

adopters 

(a)13.660 

    (0.020) 

(c) 13.519 

     (0.021) 

 

ATT    = 0.141*** 

             (0.005) 

Residue retention 

non-adopters 

(d) 13.466 

      (0.014) 

(b)13.542 

    (0.014) 

ATUT = -0.076*** 

              (0.004) 

 

Heterogeneity 

effects 

     

      0.388 

    

  -0.207 

 

TH = 0.595 

Standard errors in parentheses, 

*Significant at 10%, **Significant at 5%, ***Significant at 1%. 

 

 

Comparison of the observed outcomes for the adopters and non-adopters of residue 

retention would mean that adopters would realize 11.8 percent more crop incomes 

than non-adopters (case (a) minus case (b). Doing so would be erroneous because 

these groups have unobserved heterogeneous characteristics between them. From the 

last column of Table 8, smallholder farm households that adopted residue retention 

would significantly realize 14.1 percent lower average crop income per hectare if 

they had decided not to adopt it. On the other hand, non-adopters of residue retention 
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would have realized about 7.6 percent lower average crop income per hectare if they 

had decided to adopt it (case (d) minus case (b)).  

 

The last row of Table 8 adjusts for potential heterogeneity effects between the 

adopters and non-adopters of residue retention. If non-adopters of residue retention 

had decided to adopt residue retention, they would be expected to have realized 

lower crop income per hectare by 38.8 percent than the adopters. This implies that 

smallholder farm households that adopted the technology would still be better off 

compared to non-adopters of the technology perhaps new adopters would have to get 

established in order to have similar returns as their counterparts. Column (2) shows 

that if adopters of residue retention had decided not to adopt it, they would be 

expected to realize lower crop income per hectare by 20.7 percent than non-adopters. 

Transitional heterogeneity is 59.5 percent implying that adopters of residue retention 

are expected to have more crop income per hectare, the reason being that there are 

important sources of heterogeneity (for example farming skills) within them that 

enable them realize more crop income per hectare than their counterparts. 

4.6 Average treatment effects of minimum tillage 

4.6.1 Estimation of propensity scores for minimum tillage 

One of the objectives of this study is to determine the impact of minimum tillage on 

smallholder farm household incomes. Not all smallholder farm households practice 

CF, others practice minimum tillage only and thus it was necessary to determine its 

impact. To have sample groups of adopters and non-adopters of minimum tillage 

with similar observable characteristics, the propensity score estimates by the logit 

model was estimated and are shown in appendix 5. A total of 7,159 observations 

satisfied the common support condition with 160 smallholder farm households 

having had adopted minimum tillage. This represented an adoption rate of 2.23 

percent.  
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4.6.2 Parametric estimation of the ATEs of minimum tillage 

 

Table 9 shows the full information maximum likelihood estimates of the endogenous 

switching regression model for minimum tillage. The first column presents the 

estimated OLS regression of the log crop income function without endogenous 

switching, with a dummy variable equals 1 if the smallholder farm household 

adopted minimum tillage, 0 otherwise. The second column presents the estimated 

coefficients from the selection equation (equation (7)) for minimum tillage. The third 

and fourth columns present the estimated coefficients of the outcome equations 

(equation (8)) for adopters and non-adopters of minimum tillage respectively. The 

OLS regression results indicate that adoption of minimum tillage significantly results 

in a 40.7 percent fall in the crop incomes for those who adopt the technology holding 

other factors constant (coefficient for adoption in column (1)). The OLS model 

assumes that adoption of minimum tillage is strictly exogenous but adoption of the 

technology is voluntary and thus potentially endogenous. This means that such 

results from an OLS regression for minimum tillage are biased and inconsistent and 

would thus be misleading.  

 

To avoid such shortfalls, an endogenous switching regression was also employed to 

estimate the ATEs of minimum tillage while controlling for unobserved 

heterogeneity characteristics of the households. Results of the selection equation 

(column (2)) suggest that the main driving factors that significantly affect adoption 

of minimum tillage are marital status of the household head, distance to access 

vehicular transport and relationship of the household member to the kinship family. 

This can be attributed to the advantages that members related to the king/headman 

may have. They may enjoy a go ahead incentive to apply such methods on the land.  
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Table 9: Full information maximum likelihood estimates of the endogenous switching 

regression for minimum tillage 

 (1) (2) (3) (4) 

  Endogenous switching regression 

   Adoption=1 Adoption=0 

Model OLS  Min. Tillage 

adopters 

Min. Tillage  

non-adopters 

Dependent variable Log of crop 

income per 

hectare 

Adoption 1/0 Log of crop 

income per 

hectare 

Log of crop 

income per 

hectare 

Adoption 1/0    -0.407***    

 (0.132)    

Household size -0.012 0.013 0.550**    0.099*** 

 (0.028) (0.049) (0.268) (0.035) 

Education of head  -0.002 -0.005 -0.086 0.024 

(years) (0.012) (0.021) (0.112) (0.015) 

Marital status of head -0.102**   -0.270*** 0.113 0.017 

(single=1, 0 o/w) (0.043) (0.086) (0.562) (0.056) 

Gender of head 0.027 -0.084 0.322    0.257*** 

(male=1, 0 o/w) (0.051) (0.087) (0.459) (0.064) 

Household size squared 0.001 -0.002 -0.027 -0.001 

 (0.002) (0.004) (0.021) (0.003) 

Agro-ecological  region1 -0.276*** -0.164* -0.241 0.015 

 (0.048) (0.089) (0.505) (0.061) 

Extension service 0.150*** 0.141 0.282    0.487*** 

 (0.054) (0.090) (0.503)  (0.0689) 

Maize price information  0.215*** -0.066 -0.446    0.578*** 

 (0.048) (0.084) (0.432) (0.060) 

No formal education  -0.031 -0.003 -0.396 0.003 

 (0.030) (0.054) (0.321) (0.037) 

Related to kinship head -0.139***    0.293*** -0.178 -0.001 

 (0.040) (0.068) (0.442) (0.052) 

Land tenure -0.026 -0.085 -0.554 0.240 

 (0.118) (0.224) (1.199) (0.148) 

Distance to input market -0.001 -0.001 0.006 0.0003 

(km) (0.001) (0.001) (0.005) (0.001) 

Land holding size 0.002 -0.001 0.064     0.011*** 

 (0.001) (0.007) (0.045) (0.002) 

Basic education -0.100 -0.013 0.009 -0.036 

 (0.0730) (0.099) (0.532) (0.071) 

Secondary education 0.004 -0.019 0.350 0.153 

 (0.056) (0.173) (0.912) (0.123) 

Tertiary education 0.098 0.175 1.194 -0.062 

 (0.098) (0.299) (1.692) (0.216) 

(Continued) 
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Table 9: Continued     
 (1) (2) (3) (4) 

  Endogenous switching regression 

   Adoption=1 Adoption=0 

Model OLS  Min. Tillage 

adopters 

Min. Tillage  

non-adopters 

Dependent variable Log of crop 

income per 

hectare 

Adoption 1/0 Log of crop 

income per 

hectare 

Log of crop 

income per 

hectare 

Local crop variety -0.604*** 0.150 -1.107**    -0.821*** 

(yes=1, 0 o/w) (0.056) (0.091) (0.489) (0.071) 

Own radio  0.012   

(yes=1, 0 o/w)  (0.085)   

Forum group 0.266 0.061   

 (0.172) (0.149)   

Distance to vehicular     -0.006**   

transport   (0.003)   

Primary education  -0.043 -0.294 -0.066 

  (0.127) (0.681) (0.092) 

Constant  13.57***    -1.961***  11.36***   12.22*** 

 (0.133) (0.372) (2.623) (0.170) 

i
 

 

  2.165 

(0.180) 

(2.041)   

(0.017) 

j
 

  0.150 

(0.451) 

-0.006    

(0.222) 

Sample size: 7159 observations. 
i  denotes the square-root of the variance of the stochastic 

disturbance terms εji in the outcome equations (equation (8)). ρj represents the covariance of the 

stochastic disturbance terms in the outcome equations of equation(8) and the stochastic disturbance 

term of the selection equation (equation (7)). 

Wald test of independence of equations: Chi2 (1) = 16596.09      Prob > chi2 = 0.000 

*Significant at the 10% level; **Significant at the 5% level; ***Significant at the 1% level. 

 

 

Results indicate that when other factors are held constant, households whose heads 

are single are less likely to adopt minimum tillage. Furthermore, an additional 

kilometer added to the distance to access vehicular transport for purchase of 

agricultural inputs or sale the products is associated with higher probability of the 

household to adopt minimum tillage. Married household heads may be more willing 

to adopt technologies perhaps due to a wider chance to receive advice when it comes 

to farming. The spouse may be the first to offer valuable advice in such cases. 

Literature confirms that there are more factors that drive households into adoption of 

minimum tillage (for example Clay et al. 2002; Ervin and Ervin, 1982; Reardon and 
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Vosti, 1997a; Gebremedhin and Swinton, 2003; Haggblade and Tembo, 2003).  

However, some of them were not statistically different from zero owing to the 

smaller adoption rate of the technology in the sample used.   

 

The correlation coefficients for adopters and non-adopters (bottom row, Table 9) 

were positive for adopters and negative for non-adopters of minimum tillage 

indicating that both groups positively selected the technology (Mare and Winship, 

1987). However, these coefficients are not statistically different from zero implying 

that the null hypothesis of self-selectivity may not be rejected if this were unknown a 

priori.  

 

From the results of the outcome equation for adopters of minimum tillage, only 

household size and the type of variety of the crop used significantly affected the crop 

incomes. Increase in household size by an extra member holding other factors 

constant positively affected crop incomes for adopters of minimum tillage. In 

contrast, many factors positively affected crop incomes for non-adopters in addition 

to those that were statistically different from zero in case of adopters. For example, 

gender of household head, extension service, access to information about prices of 

agricultural inputs and products and size of the land owned. Despite having similar 

factors that affected the incomes of both groups, the coefficients for the same 

determinants are not the same indicating unobserved heterogeneity between the two 

groups, an issue that was accounted for by use of endogenous switching regression 

model.  

 

Table 11 presents the expected treatment and heterogeneity effects of the technology 

on both its adopters and non-adopters. The bottom row and the last column present 

heterogeneity and treatment effects for both groups. Cases (a) and (b) are the 

observed outcomes for smallholder farm households that adopted and did not adopt 

minimum tillage respectively. Case (c) represents the outcome for adopters of 



58 
 

minimum tillage if they decided not to adopt it while case (d) represents what non-

adopters of minimum tillage would realize if they decided to adopt it..  

 

Table 10: Expected log of crop income per hectare, treatment and heterogeneity effects 

of minimum tillage 

Decision stage 

 To adopt Not to adopt Treatment effects 

Log of crop income per hectare                                                            

Minimum tillage 

adopters 

(a)13.263 

    (0.084) 

(c) 13.380 

     (0.055) 

 

ATT = -0.116*** 

           (0.057) 

Minimum tillage non-

adopters 

(d) 12.705 

      (0.015) 

(b)13.511 

    (0.007) 

ATU = -0.805*** 

           (0.012) 

Heterogeneity 

effects 

    0.558     -0.131   TH   = 0.689 

Standard errors in parentheses, 

*Significant at 10%, **Significant at 5%, ***Significant at 1%. 

 

As noted before, by simple comparison, one would conclude that smallholder farm 

households that adopted minimum tillage realized lower amounts of crop income per 

hectare by 24.8 percent than those who did not adopt (case (a) minus case (b)). 

However, this would be misleading. The last column shows useful results. 

Smallholder farm households that adopted minimum tillage would have realized 

about 11.6 percent more crop income per hectare if they had decided not to adopt 

minimum tillage and this result is statistically different from zero. Furthermore, non-

adopters would be expected to realize about 80.5 percent lower crop income per 

hectare if they had decided to adopt minimum tillage. This result is also statistically 

different from zero. 

 

The bottom row adjusts for observed heterogeneity between the adopters and non-

adopters. Results show that if non-adopters of minimum tillage had decided to adopt 

the technology, they would realize about 55.8 percent lower crop income per hectare 

than the adopters. Besides, if the adopters had decided not to adopt minimum tillage, 

they would have realized 13.1 percent lower crop income per hectare than those that 

did not adopt minimum tillage. Results from minimum tillage may contradict with 
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results from other literature owing to the fact that changes in the rainfall pattern and 

its distribution during that farming season. Results of minimum tillage are expected 

to be negative when there are more rains during that season. Furthermore,  these 

negative impact results are attributed to the location of the majority of the adopters. 

A total of 111 smallholder farm households out of the 160 adopters were located in 

AER III.  This is the region where minimum tillage is not promoted in Zambia 

because it is not suitable since it is a high rainfall area.  
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Introduction 

This chapter begins with the conclusions of the study where its objectives  and key 

findings are summarized. It later presents the policy recommendations proposed 

based on the key findings. The chapter closes by proposing areas where future 

research could be conducted. 

5.2 Conclusions 

The overall objective of this study was to determine the impact of CF on smallholder 

farm household incomes in Zambia. Other objectives were to determine and compare 

the impacts that various CF practices (minimum tillage, residue retention and legume 

crop rotation) have on smallholder farm household incomes.  To achieve these 

objectives, the study used the 2008 nationally representative supplemental survey 

databases collected by FSRP/MACO/CSO. Furthermore, the study employed PSM 

methodology to help match the adopters and non-adopters of these technologies 

based on their similar distribution of observable covariates. To estimate the impact, a 

simultaneous equations model with endogenous switching to account for 

unobservable factors that influence household incomes and the decision to adopt was 

employed. 

 

The following main conclusions could be drawn from the results. First, both CF 

adopters and non-adopters would realize more household income per hectare had 

both decided to adopt CF than they would if they had not adopted it. However, a 

comparison between the two groups of households showed that smallholder farm 

households that adopted would realize more crop income per hectare than non-

adopters had they adopted. Had both not adopted, CF non-adopters would realize 

more household incomes per hectare than the CF adopters. This proves existence of 
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unobserved heterogeneity characteristics such as farming skills between the two 

groups of farmers. .  

 

Second, smallholder farm households that adopted crop rotation actually realized 

more crop income per hectare than they would have if they did not adopt crop 

rotation. Non-adopters of crop rotation would be better off if they adopted crop 

rotation though they would still have realized lower crop income per hectare than 

adopters. Furthermore, non-adopters of crop rotation would be better than adopters if 

both groups of farmers decided not to adopt. This result again leads to conclusion 

that smallholder farm households that adopted crop rotation only realized more 

household income when decided to adopt, otherwise, they would be worse off than 

non-adopters.  

 

Third, smallholder farm households that adopted residue retention realized more crop 

income per hectare than they would if they did not adopt it. But non-adopters of 

residue retention would be worse off had they adopted it. Furthermore, if the non-

adopters did adopt residue retention, adopters would realize more crop income per 

hectare than them (non-adopters) perhaps new non-adopters would have to get 

established in order to have similar returns as their counterparts (adopters). On the 

other hand, if adopters of residue retention had decided not to adopt, they would be 

expected to realize lower crop income per hectare than non-adopters. The conclusion 

here is residue retention significantly increases household incomes of its adopters; 

otherwise, they would be worse off. 

 

Fourth, adopters of minimum tillage would have realized more crop income per 

hectare if they had decided not to adopt it. On the other hand, non-adopters would be 

expected to realize lower crop income per hectare if they had decided to adopt 

minimum tillage. Furthermore, if non-adopters of minimum tillage had decided to 

adopt the technology, they would realize lower crop income per hectare than the 
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adopters. Besides, if the adopters had decided not to adopt minimum tillage, they 

would have realized lower crop income per hectare than those that did not adopt the 

technology. Since the ATT and ATU are negative, minimum tillage significantly 

decreases household incomes for smallholder farm households. This result may 

conflict with other results in literature but one observation made that might have 

resulted into this is that about 111 households out of 160 that adopted minimum 

tillage were located in AER III as discussed before. Minimum tillage is not suitable 

for AER III in Zambia but only in AER I and AER II (Haggblade and Tembo, 2003). 

Therefore, the result should not be expected to be surprising in this case. Its lowest 

adoption rate may result due to the negative impacts. Only 2.23 % of the sample had 

adopted minimum tillage. 

 

All in all, among the three packages of CF, crop rotation increases smallholder farm 

household incomes more than the others. Residue retention comes second while 

minimum tillage does not increase household incomes. This comparison is based on 

the ATTs, ATUs estimated.  In this respect, the hypothesis that CF packages have 

similar impacts may not be rejected. Furthermore, based on this empirical evidence, 

the hypothesis that CF practices positively increases smallholder farm household 

incomes is statistically significant though the opposite is true in case of minimum 

tillage.  

5.3 Recommendations 

These results are particularly important to design policies for effective promotion of 

CF practices in order to improve livelihoods of smallholder farm households in 

Zambia. This should be motivated by the positive results that smallholder farm 

households that adopt CF realize household incomes by almost 50 percent more than 

they would if they did not adopt it.  Even non-adopters would be better off. This calls 

for serious adoption for one to realize optimum returns. Therefore, this study 

recommends that promoters of CF in Zambia such as CFU, FAO should continue 
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doing so as returns from CF would only be more in the longer term and not just in 

one period (for example, non-adopters would not obtain the same results in 

magnitude as prominent adopters).  

 

In case of crop rotation, its ATTs on adopters were positive and almost 100 percent 

(ATT = 90.7 percent). Compared to residue retention, the study recommends that 

there is need for more promotion of crop rotation. Thus even if the household does 

not adopt all the recommended practices of CF, adopting crop rotation would 

significantly raise household incomes almost twofold compared to the adopters‟ 

counterfactual outcome. Practice of residue retention is also recommended because 

of its positive ATTs. 

 

Results on the impacts of minimum tillage were not impressive. Since this could be 

attributed to the lowest adoption rate and location of the majority of the adopters in 

AER III which is not recommended for its practice, there is urgent need for its 

vigorous promotion. Minimum tillage has the potential to result in desired outcomes 

of increased household incomes as indicated by the fact that if both adopters and 

non-adopters of minimum tillage decided to adopt it, adopters would better off. 

Therefore, this study recommends that the Zambian Ministry of Agriculture and 

Livestock design a new methodology to be used to promote it either on radio and 

field visits to ensure that the technology is promoted in AER I and II where it is 

highly recommended to compare with results found by this study. 

 

5.4 Future Research 

 

Considering the declining agricultural productivity in SSA, Zambia included, there is 

need to continue monitoring the impacts that new technologies have on agricultural 

productivity and household incomes. Climatic changes have resulted into nonlinear 
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relationships between new technologies and expected outcomes more research would 

help find alternatives ways to ensure expected outcomes of technologies are realized.  

Furthermore, incoming research should rather be panel so as to help control for time 

invariant characteristics that might have clouded cross-sectional studies and thereby 

report less robust results. In addition, future research should as well focus on the 

impacts of CF practices in case where the smallholder farm household adopts 

multiple combinations. For example, impacts on household incomes of practicing 

residue retention and crop rotation or crop rotation and minimum tillage or residue 

retention and minimum tillage.  Incoming research is necessary to help better 

understand the behavioral dimension of the adoption processes of CF and their 

impacts in Zambia. 

 



65 
 

REFERENCES 

Amemiya, T. 1985. “Advanced Econometrics.” Cambridge: Harvard University  

Press. 

Arellanes, P., and D.R. Lee. 2003. The Determinants of Adoption of Sustainable  

Agriculture Technologies. Paper presented at the 25th Conference of 

International Association of Agricultural Economists, Durban, South Africa, 

August 2003. 

Asfaw, S., and B. Shiferaw. 2010. Agricultural Technology Adoption and Rural  

Poverty: Application of an Endogenous Switching Regression for Selected 

East African Countries. Paper presented at the Joint 3rd African Association 

of Agricultural Economists (AAAE) and 48th Agricultural Economists 

Association of South Africa (AEASA) Conference, Cape Town, South 

Africa, September 19-23, 2010 

Barret, C.B., C.M., Moser, O.V., McHugh., and J. Barison. 2004. “Better    

Technology, Better Plots or Better Farmers?” USAID. 

Bank of Zambia (BOZ). 2011. Annual reports, Lusaka, Zambia  

Brookhart, A. M., S. Schneeweiss., K. J. Rothman., R. J. Glynn., J. Avorn., and T. 

Sturmer. 2006. Variable Selection for Propensity Score Models. American 

Journal of Epidemiology 12:1149–1156. 

Byiringiro, F.,and T. Reardon. 1996. Farm productivity in Rwanda: Effects of farm  

size, erosion and soil conservation investments. Agricultural Economics 

15,127-136. 

Caliendo, M., and S. Kopeinig. 2008. Some Practical Guidance for the 

Implementation of Propensity Score Matching. Journal of Economic Surveys 

1: 31-72. 

Cameron, C.A., and P.K. Trivedi. 2005. “Microeconometrics: Methods and  

Applications.” Cambridge: Cambridge University Press.  

Carter, D.W., and J.W.Milon. 2005. Price knowledge in household demand for  

Utility services. Land Economics 81(2): 265-283. 

Chomba, G. 2004. “Factors affecting smallholder farmers‟ adoption of soil and water  

conservation practices in Zambia.” M.Sc. thesis. Michigan State University.        

 



66 
 

Clay, D. C., and T. Reardon. 1994. “Determinants of farm level conservation  

investments in Rwanda.” International Association of Agricultural  

Economists Working paper No. 7. Harare, Zimbabwe. 

Clay, D. C., V. Kelly, E. Mpyisi and T. Reardon .2002. Input Use and Soil  

Conservation Investments among Farm Households in Rwanda: Patterns and  

Determinants. Natural Resources Management in African Agriculture. New 

York, NY, CABI International. 

Conservation Farming Unit (CFU). 2007. Conservation farming handbook for small  

holders in regions I and II. Lusaka: ZNFU 

Conservation Farming Unit (CFU). 2005. 2009. ZNFU Conservation Farming Unit  

Annual Reports. Lusaka: ZNFU CFU. 

Central Statistical Office (CSO) 2000/2001 Post-harvest survey. CSO, Lusaka,  

Zambia. 2001 

Central Statistical Office (CSO) 2006/2007 Post-harvest survey. CSO, Lusaka,  

Zambia. 2007 

Central Statistical Office (CSO) 2009/2010 Post-harvest survey. CSO, Lusaka,  

Zambia. 2010 

Dehejia, R., and S. Wahba. 2002. Propensity Score Matching Methods for Non-

Experimental Casual Studies. Review of Economics and Statistics 841: 151-

161. 

Ervin, C. A., and D. E. Ervin. 1982. “Factors affecting the use of soil conservation 

practices: Hypothesis, evidence and policy implications.” Land Economics 

58 (3): 277-292. 

Falco, D. S., M., Veronesi, and M., Yesuf. 2011. Does Adaptation to Climate  

Change provide food security? A micro-perspective from Ethiopia; Oxford 

University Press: American Journal of Agricultural Economics: 1-18 

Gebremedhin, B., and S. Swinton. 2003. Investment in Soil Conservation: The Role  

of Land Tenure Security and Public Programs. Agricultural Economics 29: 

69–84. 

Gertler, P. J., S. Martinez., P. Premand, L. B. Rawlings., and M. Christel. 2010,  



67 
 

“Impact Evaluation in Practice: Ancillary Material,” The World Bank,  

Washington DC 

Haggblade, S., and G. Tembo. 2003a. „„Conservation Farming in Zambia.‟‟ EPTD  

Discussion paper 108: Washington D.C; International Food Policy Research  

Institute (IFPRI) available at www.ifpr.org  

Haggblade, S., and G. Tembo. 2003. “Early Evidence on Conservation Farming in  

Zambia.”  Paper presented at the Conference: “Reconciling Rural Poverty 

and Resource Conservation: Identifying Relationships and Remedies” held at 

Cornell University, May 2-3, 2003. Ithaca, N.Y.: Cornell University. 

Hausman, J.A. 1978. Specification tests in econometrics. Econometrica 46: 1251- 

1272. 

Heckman, J.J. 1979. Sample selection as a specification error. Econometrica 47:  

153-161. 

Heckman, J.J., Tobias, J.L., and Vytlacil, E.J. 2001. Four parameters of interest in  

The evaluation of social programs. Southern Economic Journal 68(2): 210-

233. 

Heckman, J.J., H. Ichimura., and P. Todd, .1998. “Matching as an Econometric  

Evaluation Estimator,” Review of Economic Studies 65: 261-294. 

Holden, S. T., M. Akinwoum., B. Shiferaw. 2001. “Land Degradation, Drought and  

Food Security: A Bioeconomic Model with Market Imperfections.” Paper  

presented at the National Workshop on Policies for Sustainable Land  

Management in Addis Ababa, Ethiopia. 

Holden, S. T., Shiferaw, B., Pender., and J. 2001. Market imperfections and  

profitability of land use in the Ethiopian Highlands: a comparison of selection 

models with heteroskedasticity. Journal of Agricultural Economics 52(2), 53-

70. 

Hobbs, P.R. 2007. “Conservation agriculture: what is it and why is it important for  

future  Sustainable food production?” Journal of Agricultural Science. 145: 

127-137. 

Imbens, G., and J. Wooldridge. 2007. “What‟s new in Econometrics?” Lecture notes,  

Summer School. National Bureau of Economic Research.  

Imbens, G., and J. Wooldridge. 2008. “Recent developments in the econometrics of  

http://www.ifpr.org/


68 
 

program evaluation.” Cemmap working paper CWP24/08. The Institute for 

Fiscal Studies, Department of Economics, UCL. 

Kabwe, S., and C Donovan. 2005. “Sustained use of Conservation Farming practices  

among small scale farmers in Zambia.” Michigan State University, USA. 

 

Kaliba, A. R. M., and T. Rabele. 2004. Impact of Adopting Soil Conservation  

Practices on Wheat Yield in Lesotho. In: Bationo, A., Eds., Managing 

Nutrient Cycles to Sustain Soil Fertility in Sub-Saharan Africa. Tropical Soil 

Biology and Fertility Institute of CIAT 

 

Kassie, M., and T. S. Holden. 2006. “Parametric and Non-parametric estimation of  

Soil conservation adoption impact on yield.” Contributed paper prepared for 

presentation at the international Association of Agricultural Economists 

Conference, Gold Coast, Australia, August 12-18, 2006. 

Kassie, M., and S. Holden. 2006. “Parametric and Non-parametric Estimation of Soil  

            Conservation Impact on Crop Productivity in the Ethiopian Highlands.”   

             International Association of Agricultural Economists, Brisbane, Australia. 

Keyser, J., and M. H. Mwanza.1996. Conservation tillage. Lusaka, Zambia, The  

Institute of African Studies, University of Zambia. 

Khandker, S. R., G.B. Koolwal., and H. Samad. 2010., Handbook on Impact  

Evaluation Quantitative Methods and Practices, The World Bank,  

Washington DC. 

Langmead, P. 2001. “Does Conservation Farming Really Benefit Farmers?” GART  

Yearbook 2001:58-64. 

Lokshin, M., and Sajaia, Z. 2004. Maximum Likelihood Estimation of Endogenous 

Switching Regression Models. Stata Journal 4(3): 282-289. 

 

Maddala, G. S., and F. D. Nelson. 1975. Switching Regression Models with  

Exogenous and Endogenous Switching, Proceeding of the American 

Statistical Association (Business and Economics Section), pp. 423–426. 

Maddala, G.S. 1983. Limited dependent and qualitative variables in econometrics. 

Cambridge, U.K.: Cambridge University Press. 

Manyong, V.M., B. Douthwaite, O. Coulibaly, and J.D.H. Keatinge. 2001. Participatory 



69 
 

impact assessment at the International Institute of Tropical Agriculture: functions  

and mechanisms. Proceedings of a workshop organized by the Standing Panel on 

Impact Assessment, CGIAR, 2001 

 

Menale, K., J. Pender., M. Yesuf., G. Kohlin., R. Bluffstone., and E. Mulugeta. 2008.  

“Estimating Returns to Soil Conservation Adoption in the Northern Ethiopian  

Highlands,” Agricultural Economics 38: 213–32. 

Ministry of Agriculture and Cooperatives (MACO) reports: 2007 and 2009. Lusaka. 

Nelson, F.D. 1984. Efficiency of the two-step estimator for models with  

Endogenous sample selection. Journal of Econometrics 24: 181-196. 

Neyman, J. 1923. “On the Application of Probability Theory to Agricultural  

Experiments. Essay on Principles. Section 9,”translated in Statistical Science, 

5(4):465-480, 1990. 

Nyanga, P. H., F. H. Johnsen, J.B. Aune., and T.H. Kalinda. 2011b. “Smallholder  

Farmers‟ Perceptions of Climate Change and Conservation Agriculture: 

Evidence   from Zambia.” Journal of Sustainable Development 4 (4): 73-85.  

Nyanga, P.H. 2012. Food Security, Conservation Agriculture and Pulses: Evidence  

from Smallholder Farmers in Zambia. 

Nyangena, W., and M. Kassie. 2011. The Role of Social Capital in Sustainable  

Development: AnAnalysis of Soil Conservation in Rural Kenya. In 

Agricultural Investments, Livelihoods, and Sustainability in East African 

Agriculture, edited by R.A. Bluffstone and G. Köhlin. Oxford: RFF 

Press/Earthscan 

Nyangena, W., and Köhlin, G. 2008. Estimating Returns to Soil and Water  

Conservation Investments. An Application to Crop Yield in Kenya.  

Environment for Development Discussion Paper Series. Economics for 

Development DP 08-32 

Pender, J., and B. Gebremedhin. 2006. Land Management, Crop Production and  

Household Income in the Highlands of Tigray, Northern Ethiopia: An 

Econometric Analysis. 

Pender, J., Place, F., Ehui., S., Eds. 2006. Strategies for Sustainable Land  



70 
 

Management in the East African Highlands. International Food Policy 

Research Institute, Washington, DC. 

Pender, J., and B. Gebremedhin. 2007. Determinants of Agricultural and Land  

Management Practices and Impacts on Crop Production and Household 

Income in the Highlands of Tigray, Ethiopia. Journal of African Economies 

17: 395–450. 

Pieri. C., G. Evers., J. Landers., P. O‟Connell., and E. Terry. 2002. “No-Till Farming  

for Sustainable Rural Development.” Agriculture and Rural Development 

Working Paper. Washington, DC 20433. 

Reardon, T. and S. A. Vosti (1995). "Links Between Rural Poverty and the  

Environment in Developing Countries: Asset Categories and Investment 

Poverty." World Development 23( 9): 1495-1506 

Shiferaw, B., and Holden, S.T., 2001. Farm-level benefits to investments for  

mitigating land degradation: empirical evidence from Ethiopia. 

Environmental Development Economics 6 335-358. 

Shively, G. E. 1998. Modelling impacts of soil conservation on productivity and  

productivity variability: Evidence from a heteroskedastic switching 

regression. Selected paper at annual meeting of the American Agricultural 

Economics Association 2-5 August 1998, Salt Lake City, Utah. 

Smith, J. and Todd, P. 2005. Does Matching Overcome LaLonde‟s Critique of  

Nonexperimental Estimators? Journal of Econometrics 125 (1-2), 305-353. 

Pieri. C., G. Evers, J. Landers, P. O‟Connell., and E. Terry. 2002. “No-Till Farming  

for Sustainable Rural Development.” Agriculture & Rural Development 

Working Paper. Washington, DC 20433. 

Rosenbaum, P., and D. Rubin.1983. “The Central Role of the Propensity Score in  

Observational Studies for Causal Effects.” Biometrika 70: 41-55. 

Roy, A.1951, Some Thoughts on the Distribution of Earnings. Oxford Economic 

Papers. 3:135-145. 

Rubin, D.1974. “Estimating Causal Effects of Treatments in Randomized and Non- 

randomized Studies,”Journal of Educational Psychology, 66, 688-701. 

Siacinji J. M .1999. “Residue retention in Zambia: Some technologies, indigenous  



71 
 

methods and environmental issues.” A resource book of the Animal Traction  

Network for Eastern and Southern Africa (ATNESA). Harare. Zimbabwe.    

http://www.atnesa.org   

Shadish, W., T. Campbell., and D. Cook. 2002. “Experimental and Quasi- 

experimental Designs for Generalized Causal Inference,” Houghton and 

Mifflin, Boston..     

Simpson T. W., and S.E. Weamert. 2007. “Residue retention Practices Definition  

and Nutrient and Sediment Reduction Efficiencies.” University of  

Maryland/Mid-Atlantic Water Program, Maryland. 

 

Thirlwall A .P. 2006. Growth and Development, with special reference to developing  

 Economies: 8
th

 Edition. New York. Palgrave Macmillan 

Twomlow S., L. Hove., W. Mupangwa., P. Masikati., and N. Mashingaidze. 2008.   

          “Precision Conservation Agriculture for Vulnerable Farmers in Low-potential  

            Zones” International Crops Research Institute for the Semi-Arid Tropics  

(ICRISA) Bulawayo, Zimbabwe. 

United Nations Economic Commission for Africa (UNECA). 2010. “Equal Access  

 to Basic Services in African LDCs, The Need for Coherent, Inclusive and  

 Effective policy frameworks, a policy research report.” Addis Ababa. 

United Nations, Economic Commission for Africa (UNECA). 2011. “Economic  

Report on Africa; Governing development in Africa, the role of the state in 

economic transformation a policy research report.” Addis Ababa. 

United Nations, Food and Agricultural Organization. 2006. Conservation agriculture  

website.http://www.fao.org/waicent/faoinfo/agricult/ags/AGSE/agsee/general

/OBJETIVE.html 

United Nations, Food and Agricultural Organization. 2011. Conservation agriculture  

website.http://www.fao.org/waicent/faoinfo/agricult/ags/AGSE/agsee/general

/OBJETIVE.html 

Wall, P. 2007. Tailoring conservation agriculture to the needs of small farmers in  

Developing countries: An analysis of issues. Journal of Crop Improvement. 

19, 137–155. 

Wooldridge, J.M. 2000. Introductory Econometrics: A Modern Approach 3
rd

  

http://www.fao.org/waicent/faoinfo/agricult/ags/AGSE/agsee/general/OBJETIVE.html
http://www.fao.org/waicent/faoinfo/agricult/ags/AGSE/agsee/general/OBJETIVE.html
http://www.fao.org/waicent/faoinfo/agricult/ags/AGSE/agsee/general/OBJETIVE.html
http://www.fao.org/waicent/faoinfo/agricult/ags/AGSE/agsee/general/OBJETIVE.html


72 
 

edition. South-Western College Publishing. 

Wooldridge, J. 2002. Econometric Analysis of Cross Section and Panel Data, MIT  

Press, Cambridge, MA.  



73 
 

APPENDICES 



74 
 

Appendix 1: Description of variables 

Variable name                Variable Description Expected 

impact 

Dependent variables    

Log of crop income per 

hectare 

 Log of crop income per hectare  

Adoption of CF  Dummy=1 if household adopted CF, 0 otherwise + 

Adoption of Crop rotation  Dummy=1 if household adopted crop rotation, 0 

otherwise 

+ 

Adoption of residue 

retention 

 Dummy=1 if household adopted residue retention, 0 

otherwise 

+ 

Adoption of minimum tillage  Dummy=1 if household adopted minimum tillage, 0 

otherwise 

+ 

Independent variables    

Household size  Household size +/- 

Primary education  Primary education  dummy (attended=1, 0 otherwise) +/- 

Basic education dummy  Basic education dummy(attended=1, 0 otherwise) + 

Secondary education dummy  Secondary education (attended=1, 0 otherwise) + 

Tertiary education dummy  Tertiary  education (attended=1, 0 otherwise) + 

Age of household in years  Age of household head (years) +/- 

Age squared of head  Age of household head squared (years squared) +/- 

Marital status of head  Marital status of household head (=1 if single, 0 o/w) - 

Gender of household head  Gender (=1 if male, 0 otherwise) + 

Head‟s education  years sq  Household head‟s education in years squared +/- 

Household size squared  Household size squared +/- 

Labour availability.  Labour availability in adult equivalents + 

In kind income  Log of in kind income + 

Log of off-farm  income  Log of off-farm household income +/- 

Related_kinship head  Relationship to kinship head (yes=1, 0 otherwise) +/- 

Related to kinship spouse  Related to kinship spouse ( yes=1, 0 otherwise) +/- 

Forum group  Belong to farm forum (yes=1, 0 otherwise) +/- 

remittances  Remittances in ZMK - 

AER I  Agro-ecological region 1 (yes=1, 0 otherwise) + 

AER II  Agro-ecological region II (yes=1, 0 otherwise) + 

AER III  Agro-ecological region III (yes=1, 0 otherwise)  +/- 

Own radio  Own Radio(yes=1, 0 otherwise) + 

Own mobile phone  Own mobile phone (yes=1, 0 otherwise) + 

Distance to product market  Distance to product market (km) +/- 

Extension service  Extension (yes=1, 0 otherwise) + 

   (Continued) 
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Appendix 1.Continued    

Variable name  Description of variable Expected 

impact 

Land tenure  Land tenure(if secure=1, 0 otherwise)  

Dist. to vehicular transport  Distance to vehicular transport (km) - 

Cropland size  Crop land size in hectares + 

Distance to input market  Distance to input market (km) - 

Access to loan  Loan access (yes=1, 0 otherwise) +/- 

Plant manure use  Plant manure use (yes=1, 0 otherwise) - 

Local crop variety  Local variety of crops (yes=1, 0 otherwise) + 

Maize price infor access  Maize price information (yes=1, 0 o/w) + 

Price infor access  Access to crop prices information (yes=1, 0 o/w +/_ 

No education  Not received any formal education (yes=1, 0 o/w) - 

pscoreweight  Propensity score weight for CF + 

Extension service  Extension (yes=1, 0 otherwise) + 
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Appendix 2. Logit estimates of the propensity scores for adoption of CF 

 (1) 

Dependent variable Coefficient 

CF Adoption  1/0 

Independent variables  

Household size 0.063*** 

 (0.023) 

Gender of head -0.025 

(male=1, 0 o/w (0.067) 

House hold size -0.0025* 

(squared) (0.001) 

AER I 0.696*** 

(yes=1, 0 o/w) (0.074) 

Land tenure -0.194 

(secure=1, 0 o/w) (0.159) 

extension 0.043 

(received=1, 0 o/w) (0.073) 

Age of head 0.016*** 

(yeas) (0.002) 

Primary education 0.052 

(yes=1, 0 o/w) (0.075) 

Basic education 0.051 

(yes=1, 0 o/w) (0.062) 

Secondary education 0.020 

(yes=1, 0 o/w) (0.119) 

Tertiary education -0.399** 

(yes=1, 0 o/w) (0.196) 

Remittances 6.17e-08 

(ZMK) (5.52e-08) 

Fertilizer use -0.045 

(yes=1, 0 o/w) (0.061) 

Related to kinship head 0.093 

(yes=1, 0 o/w) (0.054) 

Related to kinship spouse -0.092 

(yes=1, 0 o/w) (0.081) 

Log of off-farm income 0.106 

 (0.070) 

Animal and plant manure -0.027 

(yes=1, 0 o/w) (0.067) 

Log of in kind income -0.115 

 (0.074) 

Forum group -0.148 

 (0.105) 

Distance to vehicular transport -0.0035* 

(km) (0.002) 

Distance to input market -0.0001 

(km) (0.0007) 

 (Continued) 
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Appendix 2. Continued   

 (1) 

Dependent variable Coefficient 

CF Adoption  1/0 

Independent variables  

Other income sources 0.009 

(yes=1, 0 o/w) (0.011) 

Access to loans 0.804*** 

(yes=1, 0 o/w) (0.091) 

(yes=1, 0 o/w) (0.065) 

Livestock holding (tropical livestock units)      -0.008*** 

 (0.0029) 

Sample size 7,825 

Standard errors in parentheses 

***Significant at 1 %, **Significant at 5 %, *Significant at 10 %1 
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Appendix 3: Logit estimates of propensity scores for adoption of crop rotation 

 (1) 

Dependent variable  

Adoption of crop rotation 1/0 

Independent variables  

Household size 0.003 

 (0.021) 

Gender of household head -0.035 

 (0.067) 

Household size squared -0.0004 

 (0.001) 

Agro-ecological region 1       0.614*** 

 (0.067) 

Land tenure -0.183 

 (0.176) 

Forum group (1=belong, 0 o/w) 0.036 

 (0.107) 

Distance to input  market in km 0.0032*** 

 (0.001) 

Field size in hectares 0.031** 

 (0.014) 

Local crop variety (1=yes, 0, o/w) -0.778*** 

 (0.127) 

Plant manure used (yes=1, 0, o/w) 0.077 

 (0.309) 

Primary education (yes=1, 0, o/w) 0.090 

 (0.063) 

Animal and plant manure (yes=1, 0, o/w) 0.126 

 (0.115) 

Access to price information (yes=1, 0, o/w)      0.327*** 

 (0.0714) 

Livestock holding (tropical livestock units) 0.0020 

 (0.002) 

Remittances (ZMK) -2.4e-08 

 (7.2e-08) 

Fertilizer use (yes=1, 0, o/w) -0.172*** 

 (0.059) 

Age of household head in years -0.0038** 

 (0.002) 

Marital status of household head (single=1, 0, otherwise) -0.019 

 (0.057) 

Log of in kind income -5.5e-07** 

 (2.5e-07) 

Distance to product market in km -0.0048*** 

 (0.0011) 

Constant -2.539*** 

 (0.532) 

Observations 7,825 

Standard errors in parentheses 

***Significant at 1 %, **Significant at 5 %, *Significant at 10 %1 
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Appendix 4: Logit estimates of propensity scores for adoption of residue retention 

 (1) 

Dependent variable Coefficient  

Adoption of residue retention 1/0 

Independent variables  

Household size 0.041*** 

 (0.014) 

Gender of household head -0.039 

 (0.041) 

Household size squared -0.001 

 (0.001) 

Agro-ecological region I 0.352*** 

 (0.045) 

Land tenure (secure=1, 0, o/w) -0.051 

 (0.094) 

Extension service  (yes=1, 0 o/w) 0.068 

 (0.044) 

Forum group (belong=1 , 0 o/w) -0.149** 

 (0.064) 

Distance to vehicular transport in km -0.0022** 

 (0.001) 

Log of in kind income 0.032 

 (0.041) 

Animal and plant manure  (yes=1, 0 o/w) -0.013 

 (0.039) 

Log of off-farm income -0.038 

 (0.042) 

Basic education  (yes=1, 0 o/w) -0.053 

 (0.038) 

Secondary education (yes=1, 0 o/w) -0.135** 

 (0.062) 

Tertiary education  (yes=1, 0 o/w) -0.319*** 

 (0.110) 

Log of income from other sources 0.013* 

 (0.007) 

Access to loans ((yes=1, 0 o/w) -0.164*** 

 (0.058) 

Price information access  (yes=1, 0 o/w) 0.058 

 (0.039) 

Livestock holding (tropical livestock unit) -0.0033* 

 (0.0017) 

Remittances in ZMK 8.63e-08*** 

 (3.19e-08) 

Fertilizer use ((yes=1, 0 o/w) -0.012 

 (0.038) 

Constant -0.432** 

 (0.210) 

Sample size 7,825 

Standard errors in parentheses 

***Significant at 1 %, **Significant at 5 %, *Significant at 10 %1 
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Appendix 5: Logit estimates of propensity scores for minimum tillage 

 (1) 

Dependent variable Coeffiicent  

Adoption of minmum tillage 1/0 

Independent variables  

Household size 0.013 

 (0.046) 

Gender of household head (male=1, 0 o/w) -0.106 

 (0.085) 

Household size squared  -0.0032 

 (0.004) 

Agroecological region I (yes=1, 0 o/w) 0.105 

 (0.102) 

Land tenure (secure=1, 0 o/w) 0.094 

 (0.216) 

Forum group (yes=1, 0 o/w) -0.0045 

 (0.148) 

Distance to vehicular transport in km -0.001 

 (0.003) 

Primary education (yes=1, 0 o/w) -0.041 

 (0.103) 

Basic education (yes=1, 0 o/w) 0.016 

 (0.085) 

Secondary education (yes=1, 0 o/w) 0.025 

 (0.162) 

Tertialy education (yes=1, 0 o/w) 0.128 

 (0.240) 

Animal and plant manure (yes=1, 0 o/w) -0.178*** 

 (0.068) 

Price information access ((yes=1, 0 o/w) 0.012 

 (0.085) 

Livestock holding (tropical livestock unit) -0.009 

 (0.006) 

Remittances in ZMK -1.07e-7 

 (1.10e-7) 

Fertilizer use ((yes=1, 0 o/w) -0.124 

 (0.083) 

Constant   -1.287*** 

 (0.431) 

Sample size 7,825 

Standard errors in parentheses 

***Significant at 1 %, **Significant at 5 %, *Significant at 10 %1 

 

 


