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ABSTRACT 

 

The adoption of soil fertility improvement strategies through the use of agroforestry 

practices such as improved tree fallows has been less common in Zambia. Therefore, 

several studies have been commissioned to investigate factors affecting the uptake of 

improved fallows. The use of improved fallows on cash crops other than the staple maize 

has rarely been investigated. In order to increase the relevance of fallows, the adoption 

and impact of the technology on some cash crops widely grown within the agro-ecological 

systems of Zambia, where the technology is being promoted needs to be investigated. This 

study assessed the factors affecting the adoption of improved fallows among cotton 

farmers in these selected cotton growing provinces of Zambia, and the impact of this 

adoption on cotton yields and income. The selected provinces included in this study are 

Eastern, Central, Muchinga, and Southern provinces. This study used a sub sample 

(n=1206) of the 2014/15 Rural Agricultural Livelihoods Survey (RALS) data which was 

collected by the Indaba Agricultural Policy Research Institute (IAPRI) and Central 

Statistical Office (CSO). The factors of improved tree fallow adoption among the cotton 

farmers were examined by using the probit model. And the impact of the technology on 

cotton production and income was studied by using the propensity score matching and the 

endogenous switching regression models. The propensity score matching mainly served 

to provide a high quality sub sample of matched groups of adopters and non-adopters of 

the technology from which the impact was estimated using endogenous switching 

regression model. The study showed that the major factors that increase the farmer’s 

likelihood of adopting the improved tree fallows on cotton production include; 

membership to a cooperative, receiving improved tree fallow seedlings from the 

government projects and having information on agroforestry trees. An increase in the 

factors namely age of the household head, education level of the household head, 

productive assets per capita, area in ha for cotton field and distance to the market were 

also found to significantly increase the farmer’s likelihood of adopting the improved tree 

fallows. On the other hand, an increase in land size per capita was found to negatively 

affect the adoption of improved tree fallows among the cotton farmers. In terms of 

location, the results showed that farmers in Muchinga province were more likely to adopt 

the improved tree fallows than the farmers in all the other provinces in the study. Both the 

propensity score matching and endogenous switching regression estimates showed 

significant yield and income increases as a result of adopting improved tree fallows. The 

continuous provision of information on relatively new technologies such as the fallows 

preferably in farmer organized groups, and support towards the provision of the 

technology’s planting materials are some of the areas requiring attention. In addition, the 

study recommends that the farmers’ formal education level should be enhanced and that 

improved tree fallows should also be explicitly promoted on cash crops that have similar 

agronomic requirements to maize such as cotton. 

 

Keywords: Improved tree fallows, adoption, probit model, propensity score matching, 

Endogenous switching regression model, Zambia 

 

 



  
 
 

vii 
 

TABLE OF CONTENTS 

 

DEDICATION .................................................................................................................. i 

DECLARATION ............................................................................................................. ii 

COPYRIGHT ................................................................................................................. iii 

APPROVAL ................................................................................................................... iv 

ACKNOWLEDGEMENTS .............................................................................................v 

ABSTRACT .................................................................................................................... vi 

TABLE OF CONTENTS .............................................................................................. vii 

LIST OF TABLES ...........................................................................................................x 

LIST OF FIGURES ....................................................................................................... xi 

ABBREVIATIONS ....................................................................................................... xii 

 

CHAPTER 1 .....................................................................................................................1 

INTRODUCTION ............................................................................................................1 

1.1 Background ..............................................................................................................1 

1.2 Statement of the Problem .........................................................................................3 

1.3 Study Objectives ......................................................................................................5 

1.3.1 General Objective..............................................................................................5 
1.3.2 Specific Objectives............................................................................................5 

1.4 Statement of the hypothesis .....................................................................................5 

1.5 Rationale of the Study ..............................................................................................5 

1.6 Organisation of the Dissertation...............................................................................6 

 

CHAPTER 2 .....................................................................................................................7 

LITERATURE REVIEW ................................................................................................7 

2.1 Introduction ..............................................................................................................7 



  
 
 

viii 
 

 

2.2 Improved fallow technologies ..................................................................................7 

2.3 Previous research on adoption and impact of improved fallow technology ............8 

2.3.1 Studies conducted in Zambia ............................................................................8 
2.3.2 Studies in other regions ...................................................................................12 

2.4 Summary of Literature Review on adoption and impact of improved tree 

fallows ..........................................................................................................................20 

 

CHAPTER 3 ...................................................................................................................22 

METHODOLOGY .........................................................................................................22 

3.1 Introduction ............................................................................................................22 

3.2 Data and Study Area ..............................................................................................22 

3.3 Data Analysis .........................................................................................................22 

3.5 Empirical Framework.............................................................................................25 

3.5.1 Estimation, challenges and techniques ............................................................25 

3.6 Impact of adoption of improved fallows on cotton – the propensity score and 

endogenous switching regression model estimation ....................................................29 

3.6.1 The propensity score matching .......................................................................29 

3.6.2 Controlling for unobservable factors using the ESR Model ...........................31 

 

CHAPTER 4 ...................................................................................................................34 

RESULTS AND DISCUSSION ....................................................................................34 

4.1 Introduction ............................................................................................................34 

4.2 Sample Characteristics ...........................................................................................34 

4.2.1 Improved Tree Fallow Adoption among the selected cotton farmers .............34 
4.2.2 Common adopted improved tree fallow species among cotton farmers .........36 
4.2.3 Descriptive Statistics of the sample ................................................................36 

4.3 Factors affecting the adoption of improved tree fallows among cotton farmers in 

Zambia..........................................................................................................................41 

4.4.2 Estimation of propensity scores for improved tree fallow adoption ...............45 



  
 
 

ix 
 

4.4.3 Impact of Improved fallows on cotton yields and income using matching 

algorithms .................................................................................................................47 
4.4.4 Impact of improved tree fallows on cotton yield and income using the ESR. 48 

 

CHAPTER 5 ...................................................................................................................54 

CONCLUSION AND RECOMMENDATIONS .........................................................54 

5.1 Introduction ............................................................................................................54 

5.2 Conclusion .............................................................................................................54 

5.3 Study Recommendations ........................................................................................55 

5.4 Future Research ......................................................................................................56 

 

REFERENCES ...............................................................................................................57 

APPENDICES ................................................................................................................72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 
 

x 
 

LIST OF TABLES 

 

Table1: Factors affecting the adoption of improved tree fallows among selected cotton 

farmers in Zambia ........................................................................................................... 24 

Table 2: Distribution of Selected Cotton Farmers who planted improved fallows ........ 34 

Table 3: Improved Fallow Adoption among Cotton Farmers in the study area ............. 35 

Table 4: Distribution of improved tree fallow adoption among cotton farmers in Zambia 

by Gender ........................................................................................................................ 36 

Table 5: Social economic characteristics ........................................................................ 37 

Table 6: Probit regression results .................................................................................... 41 

Table 7: Average Differences in outcome variables between adopters and non-adopters

 ......................................................................................................................................... 45 

Table 8: Estimated propensity score model results for improved tree fallow adoption.. 45 

Table 9: ATT estimation of various outcome variables using nearest neighbour matching

 ......................................................................................................................................... 48 

Table 10: ATT estimation of various outcome variables using kernel matching ........... 48 

Table11: Full information maximum likelihood estimates of the switching regression 

model on cotton yields .................................................................................................... 49 

Table 12: Full information maximum likelihood estimates of the switching regression 

model on value of cotton sales ........................................................................................ 51 

Table 13: Endogenous switching regression model results ............................................ 53 

 

 

 

 

 

 

 

 

 

 



  
 
 

xi 
 

LIST OF FIGURES 

 

Figure1: Agroforestry based improved fallows in Zambia ................................................3 

 

Figure 2: Distribution of the density of propensity scores showing the region of common      

support ................................................................................................................47 



xii 
 

ABBREVIATIONS 

 

 

AF                                                            Agroforestry 

ATT Average Treatment on the Treated 

CA                                                Conservation Agriculture 

CAF                                                           Cropland Agroforestry 

CCAFS Climate Change, Agriculture & Food security 

CFS Crop Forecast Survey 

CSO Central Statistical Office 

CIA                                                            Conditional Independent Assumption 

GRZ Government of the Republic of Zambia 

ESR  Endogenous Switching Regression 

IAPRI  Indaba Agricultural Policy and Research Institute 

ICRAF International Centre in Research of Agroforestry 

IFPRI                                                       International Food Policy Research Institute 

IITA International Institute for Tropical Agriculture 

ITF Improved Tree Fallows 

FGD Focus Group Discussions 

FIML Full Information Maximum Likelihood 

LLM Local Linear Matching 

MAL Ministry of Agriculture and Livestock 

NCAF Non-cropland Agroforestry 

NRM Natural Resource Management 

NN Nearest Neighbour 

NGO Non-Governmental Organizations 

PSM Propensity Score Matching 

PRA                                                          Participatory Rural Appraisal 

RALS  Rural Agricultural Livelihood Survey 

SFR Soil Fertility Replenishment 

SD Standard Deviation 

SSA Sub Saharan Africa 



  
 
 

xiii 
 

ABBREVIATIONS continued 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SPSS                                                                                                                                                        Statistical Package for Social Sciences 

TH Transitional Heterogeneity                                                             

TU The Effect of the Treatment on the Untreated 

TT The Effect of the Treatment on the Treated 

USAID United States of America International Development 

WMI Weighted Mean Index 

ZNFU Zambia National Farmers Union 



1 
 

CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

 

Deforestation and land degradation are some of Zambia’s key environmental issues 

(Vinya et al., 2011). Deforestation rates are significant in Zambia, with approximately 

300,000 ha of forest cover lost per year (Day et al., 2014). Apart from wildlife depletion, 

loss of biodiversity and ecosystem, land degradation is one of the key environmental 

problems in Zambia that is linked to rampant deforestation (Slunge, 2010). This problem 

constrains poor households’ income opportunities through lowering agricultural 

productivity and access to various non-timber products (Slunge, 2010). 

 

Agroforestry systems can be an efficient strategy to ease the problem of land degradation 

and nutrient depletion and therefore address food security issues by potentially improving 

crop productivity, sustaining crop yield increases, diversifying smallholder farmers’ 

income and protecting the environment (Leakey, 2010). Agroforestry technologies are 

cheaper and do not require any direct cash expenses associated with mineral fertilizers 

(Ajayi, 2007). For example, in Zambia due to its high cost, farmers in Eastern province 

were unsure of their ability to access inorganic fertilizer (ZNFU, 2015). Agroforestry 

practices in the form of improved fallows, also commonly referred to as fertilizer trees, 

can help farmers improve their yield in addition to improving the microbiological, 

chemical and physical condition of the soil. In most cases, the fallows can also control 

weeds and are a source of useful by-products such as firewood and medicine (Ajayi et al., 

2005). Improved fallow systems consist of deliberate planting of selected fast growing 

trees or shrub, usually leguminous species to improve the fertility of the soil largely 

through Biological Nitrogen Fixation (BNF). Species used as improved fallows include: 

Inga, edulis (Inga, or ice cream bean), Cajanus Cajan (pigeon pea), Crotalaria sp. (sunn 

hemp), Sesbania sesban (sesban), Samanea saman (monkey pod), Gliricidia sepium 

(Madre de cacao, rata maton), Erythrina sp. (E. poeppigiana, E. fusca), and Tephrosia 

vogelii (Wilkinson and Elevitch, 1999). Figure 1 shows agroforestry based improved 
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fallows in Zambia. Unless farmers widely adopt improved fallow technologies as part of 

their farming system, the potential benefits of agroforestry on livelihoods and the 

environment will not be realized. Despite positive results from on-station and field 

controlled experiments, farmer uptake of the improved fallow technologies in Zambia has 

been generally dismal (Kuntashula and Mungatana, 2014). This is despite the fact that 

World Agro forestry Centre, formerly known as the International Centre in Research of 

Agro forestry (ICRAF) researchers started disseminating the improved fallows to farmers 

in eastern Zambia in the year 1995/96 Katanga et.al., (2007) Added to this, the adoption 

of these technologies is low despite their country wide promotion in the early stages of 

the technology’s dissemination (Kwesiga, et al.,1999). In Zambia, most research and 

studies by Ajayi (2003), Franzel (2004), Kuntashula and Mungatana (2014) on adoption 

and impact of improved fallows have concentrated on the staple food crop maize yields. 

The use of improved fallows and impact thereof on cash crops other than maize such as 

cotton which has similar nutrient demands as maize, has rarely been investigated. This 

study focused on assessing factors affecting the adoption of the improved fallow 

technology on cotton production and impact of the technology on cotton production and 

income in selected cotton growing areas in Zambia. These areas include Central, Eastern, 

Muchinga and Southern Provinces. These regions were selected based on their importance 

in adoption of improved tree fallow technologies among the cotton farmers.  
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Figure1: Agroforestry based improved fallows ((a) Sesbania sesban, (b) Faidherbia 

albidia (c) Gliricidia sepium and (d) Tephrosia vogelii) in Zambia 

Source: Kuntashula and Mungatana (2014) 

 

1.2 Statement of the Problem 

 

Adoption of soil fertility improvement strategies through the use of sustainable 

agricultural practices such as the improved fallows has been less common. With increased 

populations, land pressures will increase leading to more intensive agricultural production 

systems. However, the nature of intensification will matter for sustainable land use. 

Widespread use of inorganic fertilizers, while it may have or bring about short term gains 

in terms of improved soil fertility, it does not translate into sustained improvements in 

soils. But with improved fallow technologies, there is scope for sustainable 
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intensification. Improved fallows not only increase crop yields but also improve soil 

fertility, provide environmental public goods such as carbon sequestration, reduced 

nitrogen leaching, improved biodiversity, provision of fuel wood and improved soil 

structure, among other benefits (Kuntashula and Mungatana, 2014).  

 

Despite the many benefits, adoption of improved fallow technology has been low among 

resource poor farmers in Zambia. Thus, several studies (for example, Kabwe, 2009; 

Franzel, 2004; Ajayi,2003) have assessed adoption rates and the factors affecting adoption 

of improved fallows. Other researchers (Kuntashula and Mungatana, 2014; Quinion et al., 

2010; Ajayi et al., 2007; Franzel, 2004; Place et al., 2002) have evaluated the impact of 

adopting the improved fallow technology on on-farm crop productivity, among other 

welfare parameters. What is common in most of these studies is the evaluation of the 

technology on the staple maize crop production system. The assessment of adoption 

including factors affecting this adoption, and the welfare impact of the technology on the 

production of cash crops other than maize in Zambia and most parts of Southern Africa, 

has rarely been undertaken. Moreover, Kuntashula and Mungatana (2014) suggested an 

evaluation of the technology’s efficacy on cash crops yields to test whether this pathway 

could have an overall significant impact on household’s welfare. What could be the 

adoption rates, factors affecting adoption and impact of the uptake of the improved 

fallows in the production of non-edible cash crops such as cotton? This study attempted 

to answer these research questions by analysing data from the cotton growing areas of the 

Eastern, Central, Muchinga and Southern Provinces of Zambia. Impact evaluation has 

also been dogged by the use of identification procedures that did not include matching 

methods to have comparisons based on similar observations of adopters and non-adopters 

(for example, Quinion et al., 2010; Ajayi et al., 2007,2009; Mafongoya et al., 2006; 

Akinnifesi et al., 2006; Phiri et al., 2004; Franzel 2004 and Place et al., 2002). This study 

used more robust econometric approaches that controlled for selection bias due to both 

observable and non-observable characteristics.  
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1.3 Study Objectives 

 

1.3.1 General Objective 

 

The general objective of the study was to identify factors affecting adoption, and evaluate 

impact of the improved fallows on cotton production in selected cotton producing 

provinces of Zambia. 

 

1.3.2 Specific Objectives 

 

Specifically, the study sought to; 

 

1. Identify the factors affecting the use of improved fallows on cotton production. 

2. Determine the impact of adopting improved fallows on cotton yields and incomes. 

3.To characterize adoption rates of improved fallow trees in cotton production. 

 

1.4 Statement of the hypothesis 

 

This study tested the following hypothesis: 

 

1. There are no significant factors that influence farmer’s adoption of improved fallows 

in cotton production in Zambia. 

2. The adoption of improved fallows has no impact on cotton yields and income. 

 

1.5 Rationale of the Study 

 

This study adds to the existing adoption literature on sustainable agricultural practices and 

more specifically, the use of improved fallows among small scale farmers in Zambia as it 

focused on the technology’s adoption on a non-edible cash crop (cotton), an area which 

has rarely been investigated. Adoption rates, impacts and factors that affect the adoption 

of this technology were assessed to guide the government and other stakeholders on how 
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to improve adoption. Second, few impact evaluation studies incorporate the control of 

endogeneity bias in the assessment. This study controls for this bias through the use of 

endogenous switching regression on a highly matched quality sample of adopters and 

non-adopters of the improved fallows in the cotton producing areas. This ensured that 

more efficient impact estimates were obtained.  

 

1.6 Organisation of the Dissertation 

 

The Dissertation is structured as follows: Literature review follows the introduction 

section. Discussions on the study area, data analysis, conceptual framework, empirical 

framework, the probit model, the propensity score matching and the endogenous 

switching regression in this order, complete the section on methodology. Immediately 

after the methodology, the dissertation gives the results that are discussed in the 

subsequent section. Finally, conclusions are drawn based on the findings of the study. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Introduction 

This chapter reviews literature on adoption and impact of improved fallow technologies. 

It starts with the definition of the improved fallow technologies and then covers a 

synthesis of various studies on adoption and impact of improved fallows in crop 

production. These studies include those done in Zambia and in other countries. 

 

2.2 Improved fallow technologies  

 

Improved fallow technologies involve the planting of short duration nitrogen fixing trees 

at the site where crops are grown. Typically, after two or three years of growth, the trees 

are cut back, and leaves and twigs are incorporated in the soil at the time of cultivation 

and these act as sources of nitrogen for subsequent crops. Stems and branches are used as 

fuel wood for heating and cooking. The main species used as improved fallows include: 

Inga, edulis (Inga or ice cream bean), Cajanus Cajan (pigeon pea), Crotalaria sp. (sunn 

hemp), Sesbania sesban (sesban), Samanea saman (monkey pod), Gliricidia sepium 

(Madre de cacao, rata maton), Erythrinasp. (E. poeppigiana, E. fusca), and Tephrosia 

species such as Tephrosia vogelii and Tephrosia candida (Wilkinson and Elevitch, 1999). 

The most common improved fallow species used in Zambia include Cajanus Cajan, 

Sesbania sesban, Gliricidia sepium and Tephrosia vogelii (Kuntashula and Mungatana, 

2014). 

 

In order to reduce waiting time to get benefits, some species like Tephrosia candida that 

can be grown for one year and cut back to prepare for the next crop season have been 

introduced in the crop production systems of the country. Another alternative in reducing 

the fallowing period has been through intercropping trees with crops in the establishment 

stages or first year of fallow establishment (Chirwa et al., 2003). However, how well these 

one-year long fallows perform depend on good timing for planting and also proper 
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management. Improved fallow technologies are primarily used to achieve the aims of 

natural fallow which include the following: improving the soil fertility, controlling weeds, 

diseases and pests, and providing suitable by-products such as firewood, medicinal herbs 

or animal feed. Unlike the natural fallows which refer to land resting from farming, 

commonly left to natural vegetation for a long time to re-establish soil fertility lost from 

cultivation, improved fallows restore the soil fertility within a shorter period of time hence 

the name improved fallows. 

 

2.3 Previous research on adoption and impact of improved fallow technology 

 

2.3.1 Studies conducted in Zambia 

 

Many studies in Zambia have shown that the variables; age, availability of information 

about the technology, the technology’s perceived relative advantage and usefulness, land 

size, farm size and tenure influence the farmer’s adoption of agroforestry (Ajayi et al., 

2006; Kuntashula et al.,2004; Ajayi et al.,2003; Gladwin et al.,2002). Similarly, Opio 

(2001) found that lack of security of tenure was hindering female farmers from playing a 

part in the establishment of improved fallows with Sesbania Sesban in Katete District.  

 

Kabwe (2009) carried out a study to determine factors that influence adoption of 

agroforestry practices in Zambia. Built on data obtained from 388 farming households, 

statistical analysis demonstrated that the adoption of both improved fallows and biomass 

transfer technologies are linked to knowledge of the technology, availability of seed and 

having the appropriate skills. In addition, some household characteristics are found to be 

linked to the incidence of adoption. Nevertheless, the forte of the link between these 

variables is small, giving a suggestion that there might be other factors at play limiting 

agroforestry adoption. This study expected that these findings will point to other areas 

outside the household and community level that require more research in order to 

understand factors limiting agroforestry adoption. 

 

In Zambia, a study by Ajayi et al. (2006) on the impact of improved tree fallow technology 

showed that adoption of the technology by farmers is not a direct association centered 
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wholly on technological characteristics, but is influenced by several factors including 

institutional and policy factors such as fertilizer subsidies, spatial and geographical factors 

and household-specific variables. Wealth and gender did not appear to be very connected 

to the use of rotational tree fallows, but land size was found to be an important 

determinant. 

 

Studies were conducted by International Food Policy Research Institute (IFPRI) in 1996-

98 and 2001 - 02 on the history, farmer practice and impacts of improved fallows in 

eastern Zambia. These studies review the development of improved tree fallows by 

researchers and farmers in eastern Zambia. In the studies, cost and returns of farmers 

planting improved fallows in maize production were estimated. During the 1996-98 study, 

data on costs and returns from 12 selected farmers planting Sesbania sesban improved 

fallows was compiled. This was complemented by data from other farmers, local markets, 

and secondary sources. In the 2001 study, 5 different soil fertility management 

arrangements were evaluated. These included Sesbania sesban, Gliricidia sepium and 

tephrosia vogelii improved fallows and continuous cropping with and without fertilizer.  

 

In both the 1996-98 and 2001-02 studies, the main returns of improved fallows, compared 

to continuously cropped maize, were labour saved in years one and two because maize 

was not planted, fuelwood production in year 2, increase in maize yields in years three 

through five, and reduced land preparation and weeding costs in the first post-fallow 

maize crop. Additional costs of planting Sesbania sesban improved fallows consisted of 

Sesbania seed, labor for forming the nursery, transplanting, maintaining and harvesting 

the fallow, and harvesting and threshing the increased maize produced. The major 

weakness of improved fallows relative to continuously cropped maize is that farmers have 

to wait until after the fallow to recover their investment; in continuously cropped maize 

farmers earn positive net benefits in the first year. 

 

In the 1996-98 study, the reimbursement period, that is, the period necessary for improved 

fallows to produce higher cumulative net present values than unfertilized maize, was three 

years for ten of the twelve farmers. This shows that even with no residual maize yield 



  
 
 

10 
 

improvements during the second and third post-fallow maize harvests, improved fallows 

remained more profitable than unfertilized maize. On earnings to labor, the improved 

fallows did better using 1996 prices while fertilized maize was superior using 1998 prices. 

The performance of improved fallows compared to continuously cropped unfertilized 

maize was fairly steady under an extensive range of probable variations in parameters in 

the 1996-98 study. For instance, improved fallows have returns to land and labor at least 

double those of unfertilized maize under most tested changes, including a 500 kg decline 

in post-fallow maize yields, and 50 percent increases or decreases in the discount rate, 

and the prices of fertilizer and labor. An increase in post-fallow maize yield of only 1.1 

t/ha is required in the third year to cover the costs of creating and maintaining the fallow, 

relative to unfertilized maize, in terms of returns to land or labor. In comparison, 

performance of improved fallows relative to continuously cropped, fertilized maize is 

sensitive to changes in key parameters. These parameters included maize price, labor 

price, discount rate, seedling cost, fertilizer price, yield response to improved fallows of 

+/- 500 kg/ha, no response to improved fallow (year 4-5) and no response to improved 

fallow (year 5). Increases in maize prices (such as between 1996 and 1998) raised up the 

returns to fertilized maize at a considerably quicker rate than they raised the returns to 

improved fallows. In a similar way, the relative cost-effectiveness of the two practices is 

very sensitive to the price of fertilizer; reductions in fertilizer price significantly rises the 

cost-effectiveness of fertilized maize relative to improved fallows. Fluctuations in the 

discount rate and in the cost of labor and seedlings have little influence on the performance 

of improved fallows relative to fertilized maize. 

 

A study by Ajayi et al. (2007) in Zambia on the impact of improved tree fallow technology 

indicated that to make a feasible impact, agricultural technology improvements should be 

focused on the real needs of farmers in major locations, through active boosting of user 

modification and adaptation of the technology. The study found that improved tree fallows 

produced large increases in subsequent maize yields and that a 0.20 ha fallow system can 

produce between 57 and 143 extra days of maize consumption. Thus the fallow system is 

much more profitable than the traditional exercise of non-stop maize cultivation minus 
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fertilizer application. Though, this is not the situation when fertilizer is applied. The tree 

fallow system is also quite good most especially in terms of earnings to labour. 

 

Ajayi (2008) carried out a study in Zambia to examine farmers' knowledge, attitudes, and 

perceptions of soil fertility and food security problems, emphasizing suggestions for user 

suitability and the improvement of viable soil fertility management technologies by using 

data collected from a stratified sample of 302 farmers. Results show that farmers have 

good comprehension of soil fertility issues, its relationship with food security and 

household wellbeing pointers. They are pleased with the improved fallow because it is a 

solution to the serious issues of low soil fertility and offers additional benefits to the 

household. Yet, there are some challenges to the extensive application of the technology 

which include land restrictions, property rights, availability of seeds, and because the 

technology is knowledge-intensive. Farmer acceptance and adoption of the technology 

will be swayed by the level to which efforts are taken to attend to these challenges. 

Farmers' reaction on awareness, approach and view offers valuable inputs for additional 

development and modification of the technology. Further than technology development, 

an appreciation of farmers' first choice and other contextual issues within which the 

technology is projected to be adopted will allow researchers to improve suitable viable 

technologies and boost user tolerability of the same. The study shows that technical 

characteristics of agricultural technologies are significant but not special conditions for 

farmers' tolerability and adoption of worthy agricultural technologies by farmers. 

 

Franzel (2004) and Ajayi et al. (2009) carried out a study to measure the impact of 

adopting improved fallows in Zambia. In their study, they employed enterprise budgets 

through farm modelling They found that the technology had a positive effect on household 

annual maize incomes. These studies used net present value and cost benefit ratio 

principles to arrive at this conclusion. Though these principles are actually essential and 

beneficial in assessing profitability, they fail short of determining causality since 

covariates that equally would have led to an increase in maize yields (hence maize 

income) were not controlled for. 
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Gladwin et al. (2002) and Keil et al. (2005) recognised that the likelihood of improved 

fallow adoption rises when farmers observe low soil fertility as their current problem. In 

several cases however, even when low crop productivity is detected, farmers have been 

known to carry on cultivating the same plots; or where natural forests are still present, to 

spread their agricultural fields by opening up new forests, an exercise attributed to lead to 

environmental degradation (GRZ, 2006). With the latter case being less practiced due to 

dwindled forest areas, alternatives such as agroforestry that allow intensive management 

of already cultivated areas for resource poor-farmers offer the best solution. 

 

Further, other studies (e.g, Ajayi et al.,2008 and Kassie et al.,201) in Zimbabwe and 

Zambia respectively indicated that females respond less favourably to a new technology 

as compared to the male headed households. Thangata et al. (2007) pointed out that some 

of the limitations affecting the adoption of agroforestry technologies such as improved 

fallows in southern Africa include labour for establishing the trees every year and 

dependency on late rainfall for trees to become established. 

 

2.3.2 Studies in other regions 

 

Studies in other developing countries have shown a number of factors that affect the 

adoption of various agricultural technologies. For instance, Thangata et al. (2007) 

concluded that in Southern Malawi, land accessibility determines the type of agroforestry 

technologies to be put into practice. Because of high population density in Southern 

Malawi that limits land availability, the best technology becomes tree-crop intercrop. It 

was reported that farmers in Southern Malawi with small land holdings resorted to 

adoption of maize tree intercrops of species like Gliricidia sepium, Sesbania sesban, 

Leucaena species and pigeon peas. Limitations of the agroforestry technologies include 

labour for establishing the trees every year and dependency on late rainfall for trees to 

become established. During the drier years, the trees produce less biomass hence its 

residual benefits to the maize crop diminish. 
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A study conducted by IITA (2012) in Malawi revealed that more interesting perhaps than 

the possible changes in soil fertility parameters resulting from planted, successive fallow 

are the direct increases in yield that it produces. In Malawi, an increase in yield was 

achieved with maize amounting to about 1 ton/ha by having a controlled 3-year fallow 

with Cajanus Cajan as compared with bush fallow. The study also examined the influence 

of Cajanus Cajan, Calopogoniummucunoides and Vignaradiata in one-season cultivation 

on the yield of the subsequent maize crops and found increases in yield of between 10 and 

30%. In the "Project Agro-Pastoral de Nyabisindu" in Rwanda, the different components 

that maintain soil fertility were compared with one another and it was found that a legume 

fallow of 10 months using Tephrosia vogelii, Crotalaria spp. and Cajanus Cajan 

increased maize yields more than four times as compared with the control. 

 

Parwada et al. (2010) studied the adoption of agroforestry technologies among small 

holder farmers in Zimbabwe. The purposes of this study were to evaluate and differentiate 

the levels of adoption of agro-forestry technologies between trained and untrained farmers 

and to isolate the precise factors that affect the adoption of technologies. Data from 300 

smallholder farmers chosen from villages where change agents had been trained by the 

International Centre for Research in Agro Forestry were brought together using structured 

questionnaires. The results revealed that there was a low level of knowledge of agro-

forestry technologies among farmers. Formally skilled farmers accepted agro-forestry 

technologies more than informally skilled farmers. Logit regression results revealed that 

the likelihood to adopt live fences was motivated expressively by land ownership, 

awareness, training, drought, labour and local institutions Adoption of improved fallows 

was influenced by employment status, belonging to farm group, awareness and land size. 

While adoption of fodder banks was stimulated by employment status, awareness and 

training. 

 

According to Namwata et al. (2010), extension contact in Tanzania affected the adoption 

of agricultural technologies positively and significantly. In addition to frequency of 

contact with extension agents, other factors which increase adoption among farmers 
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include level of formal education and level of environmental awareness (Kwesiga et al., 

2002). 

 

Matata et al. (2010) studied the socio-economic factors influencing adoption of improved 

fallow practices among smallholder farmers in western Tanzania and showed that lack of 

awareness on improved tree fallows, unwillingness and lack of inability to wait for two 

years are the major limiting factors of improved tree fallow adoption.  

 

Nyoka et al. (2011) discovered that inadequate availability of seed and seedlings is one 

of the barriers to adoption of improved tree fallows in southern African. Haggblade et al. 

(2004) suggests that while economic considerations and short-term profitability of 

renewable soil fertility replenishment technologies generally increase the probability of 

its adoption, economic models alone do not fully explain farmers’ adoption behaviour 

regarding these technologies. Their adoption decisions appear to be guided by their 

household’s level of resource endowments and the prevailing social context such as 

customs, obligations and beliefs which are highly affected by factors such as farmers’ 

education, age, and family size.  

 

Chintu et al. (2002) carried out a study on Tephrosia species and sources for improved 

fallows in southern Africa and confirmed that the adoption of agroforestry such as the use 

of improved fallows is also limited by national and international policies that promote 

crop monocultures and input subsidies. In southern Africa, input subsidies and rural credit 

programs are usually tied to ‘modern’ seeds and chemical inputs. For instance, in Malawi, 

the Farm Input Subsidy Programme is an important government policy where selected 

small holder farmers are provided with subsidized fertilizer and hybrid maize seed. This 

has a direct bearing on the adoption of agroforestry and other integrated soil fertility 

management practices. From this study, it is clear that there is need for different 

stakeholders to propose the formulation of a standalone agroforestry policy because the 

existing policies do not provide for the adequate promotion of agroforestry technologies. 
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According to Kuntashula and Mungatana (2014), literature on the use of improved fallows 

in Southern Africa show that the tree-based soil fertility improving technology is more 

profitable than the conventional farmers’ practice of continuous crop production without 

external fertilization. Similarly, Neupane (2000) and Thapa (2000) using a benefit–cost 

analysis in their study on the impact of agroforestry intervention on soil fertility and farm 

income under the subsistence farming system of the middle hills of Nepal showed that the 

agricultural system with agroforestry was more profitable than the conventional system.  

 

Obuoyo and Ochola (2015), carried out a study to examine the influence of improved 

fallows on food security among twenty (20) small-scale, resource-poor farmers in Lower 

Nyakachi, Kenya The farmers were purposively selected for on-farm trials on the basis of 

their approval to adopt improved fallows as a land-use exercise on their farms. Primary 

data was collected through a structured questionnaire that was administered to the farmers. 

Primary data had information on various socio-economic characteristics such as age, 

household demography, the farmers’ knowledge of improved fallow technology and food 

security status of the farm families.  

 

Additionally, a total of three Focus Group Discussions (FGDs) were conducted to gather 

general information about farmers’ opinions concerning their food security status and 

improved fallows technology. The findings of the study showed that improved fallow 

practices led to a 300 percent increase in maize production within four harvesting seasons 

(two years), which increased the food security level of the farmers three-fold. The practice 

of using improved fallows was realistic and gainful to farmers. The farmers’ involvement 

in on-farm trials and the possibility of the practice to raise food production minus applying 

chemical fertilizers excited the resource-poor farmers, who worked under conditions of 

low-input or no-input farming systems that are characterized by infertile soils, 

undependable rainfall and low yields.  

 

The main explanations for positive economic proceeds of improved fallows are improved 

crop yields, labour cost and other crop inputs saved in the course of the fallow period, 
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residual effects of fallows extending beyond the first crop after and; firewood from fallow 

which is limiting in most parts of Lower Nyakachi. 

 

Zerihun et al. (2014) carried out a study using cross-sectional data collected from a sample 

of 300 households, to examine the impact of risk/uncertainty and institutional aspects that 

affect the adoption of Agroforestry (AF) innovations in the ‘Tsolo’ and ‘Lusikisiki’ areas 

in the O.R. Tambo district in the Eastern Cape Province of South Africa. This study found 

that risk/uncertainty and the effect of interactions among institutional factors certainly 

influence the adoption of Agroforestry inventions/technologies in the Eastern Cape 

Province of South Africa. The study also found that rural development policy plans 

require to take these factors into consideration for the practical adoption of Agroforestry 

inventions in the rural areas and that such involvements can play a role in the betterment 

of the livelihood of the rural poor. 

 

Mwase et al. (2015) carried out a study on factors affecting the adoption of agroforestry 

and evergreen agriculture in Southern Africa. The study reviewed several publications on 

adoption of agroforestry in Southern Africa and complemented the review with household 

and key informant reviews to obtain evidence from farmers and promoters of the 

technologies on the factors affecting adoption. The study revealed that the major factors 

affecting adoption of agroforestry fall into two main categories; socioeconomic and 

biophysical factors. These factors include high initial costs of agroforestry practices, low 

extension knowledge; unavailability of agroforestry germplasm for economic, social and 

biophysical categories correspondingly. Up to 84% of the key informants pointed out that 

having knowledge of the relationship between agroforestry and land quality improvement 

could lead to extensive adoption of the technology. The study also concluded that 

Government policies will strongly stimulate the adoption of agroforestry technologies. 

Hence, it is essential to institutionalise viable agricultural land management practices via 

policy formulation, budgetary allocation for extension officers and farmer training and 

starter up inputs. Promotion of agroforestry should be attached to investment in farmer’s 

sensitization, farmer-centered methods in choice of technology and delivery of inputs in 

the early stages. Strong partnership among policy makers, researchers and extension 
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providers will be essential to complement messages to be delivered to farming 

communities.  

 

Thangata et al. (2007) pointed out that some of the limitations affecting the adoption of 

agroforestry technologies such as improved fallows in southern Africa include labour for 

establishing the trees every year and dependency on late rainfall for trees to become 

established.  

 

In another study conducted by Mutoro (1997) in Kenya, it was found that the adoption 

rate of using improved fallows was high in farming households that were headed by young 

persons. It was observed that households headed by younger persons are more risk takers 

relative to households headed by older persons and thus likely to adopt agroforestry 

technologies. This may be because younger people have longer planning horizons and 

may be more willing to take risks than older people. In addition, management of some of 

the agroforestry technology is labour demanding in the initial stages thereby not favouring 

the older farmers. 

 

Studies on factors influencing adoption of agroforestry technologies in maize in Toungo 

South eastern fringe of Adamawa State, Nigeria, which were conducted by Phiri et al. 

(2004) and Keil et al. (2005) showed that there is a relationship between wealth and 

ownership of oxen and the planting of improved fallows. The ownership of oxen is an 

indicator of wealth among rural communities and these studies found that planting of 

fallows was higher among farmers that were said to be wealthy than among the very poor 

households. Farmers that own oxen are capable of farming larger pieces of land within a 

short time or they would hire out oxen for extra resources to pay for labour or purchase 

other inputs.  

 

A review of gender studies and agricultural productivity in Sub-Saharan Africa (SSA) 

show that male-headed households are more likely to adopt new technologies compared 

to female-headed households (Ragasa et al., 2013; Peterman et al.,2010; Thapa,2009; 

Quisumbing,1996).  
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Franzel (1999) conducted a study on social economic factors affecting the adoption of 

improved fallows in Africa. This study evaluated the feasibility, profitability and 

acceptability of improved fallows. Thus improved fallows were assessed at different 

levels of intensification, drawing on farmers ‘involvement in three different sceneries. In 

extensive systems where land is abundant and existing fallows with natural regeneration 

of vegetation recover soil fertility (southern Cameroon), farmers have little motivation to 

put in labour for developing improved fallows. Where population density is greater and 

fallow periods are reducing and farmers observe a decline in soil fertility (eastern 

Zambia), improved fallows have a great potential. In intensive systems where land is 

inaccessible and cropping is usually continuous (western Kenya), many farmers find it 

difficult to fallow land. Even here, there is an opportunity for introducing improved 

fallows specifically among farmers who have off-farm income. Labour constrictions and 

institutional support were found to significantly affect the practicability of improved 

fallows. In intensive systems, low profits to cropping, low base yields and a high 

opportunity cost of labour raise the returns to improved fallows. Major factors related to 

acceptability include past perception of soil fertility problems, past use of measures for 

improving soil fertility, existing fallowing, economic significance of annual cropping, and 

wealth level. Adoption potential maybe improved by decreasing fallow periods, 

intercropping trees and crops throughout the first season, reducing establishment costs, 

making higher value by-products and by motivating farmers to trial improved fallows on 

high value crops.  

 

The financial profitability of improved fallows in Zambia and sub-Saharan Africa has 

been revealed by a number of studies (for example, Ajayi et al., 2009,2007; Franzel ,2004; 

Place et al.,2002). These studies show that improved fallows are more beneficial than the 

non-use of any external inputs, a practice predominant among resource poor farmers 

(Mafongoya et al., 2006). A number of studies (Quinion et al., 2010; Ajayi et al., 2007; 

Akinnifesi et al. 2006; Phiri et al., 2004) also reveal that farmers who take up the 

technology have higher welfare, measured in terms of outcome parameters such as 

increased maize yields, household’s incomes, and assets among others. In spite of all these 
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revealed benefits, only a few resource constrained farmers have taken up the technology 

(Ajayi et al., 2007; Akinnifesi et al., 2006).  

 

Muneer (2008) in his study in in Northern Kordofan state in Sudan concluded that 

Farmers’ adoption of agroforestry farming system is found to be significantly affected by 

the farmers’ level of formal education, contact with extension agents, level of 

environmental consciousness, cosmopoliteness, total area of possessed land and extent of 

social involvement. 

 

Neupane and Thapa (2000), carried out a study on the impact of agroforestry intervention 

on soil fertility and farm income under the subsistence farming system of the middle hills 

of Nepal using a the benefit–cost analysis. The study showed that the agricultural system 

with agroforestry was more profitable than the conventional system. 

 

A study to examine the socio-economic impact of cropland agroforestry in Jessor district 

of Bangladesh was conducted by Chakrabort et al. (2015). In the study, descriptive 

statistical analysis including frequency distributions, percentage, cross tabulation, mean 

and standard deviation (SD) were used for data analysis to review the farmers’ socio-

economic characteristics and farm specific characteristics while the Pearson’s chi-square 

test (χ2) was used to test the significance (differences) for some of the categorical 

variables, where necessary. The main objective of the study was to assess the socio-

economic impact of Cropland Agroforestry (CAF) on farmers’ livelihood. The survey 

results revealed that CAF farmers’ socio-economic status is better than that of Non-

Cropland Agroforestry (NCAF) or monoculture farmers and that the housing pattern, level 

of education, land and other physical assets are significantly different between CAF and 

NCAF farmers. This study found a statistically significant difference (p<0.05) between 

CAF and NCAF farmers in case of these five major indicators. The study proposes for 

prearranged expansion of cropland agroforestry for overall socio-economic development 

of the farmers. Further experiments showed similar yields to those obtained with 

Leucaena mulch can also be achieved when using only mineral fertilizers. Nitrogen 

applications of up to 160 kg/hectare were unable to raise the yield from the maize crop to 
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more than 2.5 ton/ha. This clearly demonstrated the positive effect of a layer of mulch on 

the life and structure of the soil. Other kinds of legumes tried in alley cropping systems 

include Cassia siamea and Flemingi congesta and Gliricidia sepium. Sesbania rostrata 

were able to increase the grain yield from wet rice cultivation from 3t/hectare (without 

mulch) to 4.7ton/ha (with 4ton/ha S. rostrata mulch). 

 

Workman (2004) carried out a study on the Practice and Potential of Agroforestry in the 

South-eastern United States. The specific objectives of the study were to help farmers, 

landowners, extension professionals and policymakers come up with solutions to some of 

the difficulties they or their clients face, using agroforestry as a land management tool. 

From the study, it was found out that successful adoption of agroforestry practices 

requires careful planning and management to effectively integrate different trees, crops 

and animals.  

 

2.4 Summary of Literature Review on adoption and impact of improved tree fallows 

 

The financial profitability of improved fallows in Zambia and sub-Saharan Africa has 

been shown by a number of studies including those conducted by Ajayi et al., (2007, 

2009); Franzel (2004); Place et al., (2002). These studies reveal that improved fallows are 

more profitable than the non-use of any external inputs, a practise which is predominant 

among resource poor farmers (Mafongoya et al., 2006). Several studies (Akinnifesi et al., 

2006; Ajayi et al., 2007; Phiri et al., 2004; Quinion et al., 2010) also show that farmers 

who take up the technology have higher welfare, measured in terms of outcome 

parameters such as increased maize yields, household incomes, and assets among others. 

Despite all these established benefits, only a few resource constrained farmers have taken 

up the technology. (Akinnifesi et al.,2006; Ajayi et al.,2007).  

 

A critical analysis of the methodologies used to estimate the welfare impact in the above 

cited studies demonstrate that they failed to move beyond estimating incremental maize 

yields, crop incomes and assets that adopters supposedly gain. For example, in the study 

done in Zambia, Ajayi et al. (2007) used two indicators: farmer perceptions of yields and 
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number of months per year when the household had enough food to feed family members, 

to measure impact. The study’s findings were that the technology positively impacts on 

welfare. When considering the number of months per year when households have enough 

food, the study only controlled for household size. However, including the number of 

months the household has enough food minus necessarily controlling for other variables 

may produce misrepresentative estimates about causality. Both biophysical variables as 

well as socioeconomic characteristics of farmers could be significant in so far as 

increasing the availability of food on-farm is concerned.  

 

Quinion et al. (2010) carried out a study by using sign and signed rank non-parametric 

analysis to test for a change in crop yield and asset variables between pre- and post-

adoption in Malawi. These tests were complemented with a test for equality of proportions 

to examine the probability of an increase in income, the number and type of income 

sources, and maize yield as a result of adopting agroforestry. While this study analysed 

the effects of agroforestry on poverty reduction in far more details than the earlier ones, 

it specifically notes that the methodologies used are based on analysing pre- and post-

adoption only. The control of other factors in influencing welfare changes was not 

considered. It can be said that these studies did not follow proper identification strategies 

in isolating the causal effect of the technology. Several biophysical as well as socio 

economic factors (including unobservable factors) that could equally have an influence 

on farmer welfare were never controlled for. The purpose of this study was to estimate 

the impact of improved tree fallows among the cotton farmers using more robust cause 

effect identification strategies. 

Additionally, Kabwe (2009) noted that some household characteristics are found to be 

linked to the incidence of adoption. Nevertheless, the strength of the link between these 

variables is small, giving a suggestion that there might be other factors at play limiting 

agroforestry adoption. It was consequently expected that these findings will point to other 

areas outside the household and community level that require more research in order to 

understand factors limiting agroforestry adoption. Thus, this study sought to understand 

the adoption and impact of improved tree fallows among cotton farmers in the selected 

cotton growing areas of Zambia in order to comprehensively fill the existing study gap. 
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CHAPTER 3 

 

METHODOLOGY 

 

3.1 Introduction 

 

This chapter discusses the methods that were used to determine the adoption and impact 

of improved tree fallows on cotton production in the selected provinces of Zambia. It 

begins with explaining the study area, the data analysis tools that were used in the study 

and then outlines the theoretical framework of the study. 

 

3.2 Data and Study Area 

 

The study used secondary data from the Rural Agricultural Livelihoods Survey (RALS) 

of 2015. The national representative Rural Agricultural Livelihood Survey was conducted 

by the Indaba Agricultural Policy Research Institute(IAPRI) in collaboration with the 

Central Statistical Office (CSO) and the Ministry of Agriculture (MA) between June and 

July 2015. This study purposively selected Central, Eastern, Muchinga and Southern 

Provinces as study areas based on the areas’ exposure to agroforestry and because these 

are one of the important cotton growing provinces in Zambia. The study analysed a 

randomly sampled sub sample of 1,206 cotton farmers from the four provinces.  

 

3.3 Data Analysis 

 

The data was processed and analysed using standard univariate and bivariate statistical 

techniques (frequency tables, cross-tabulations and chi-square analysis). Descriptive 

statistics was used to characterize households. The probit model was used to assess 

various factors affecting the adoption of improved fallows. The propensity score matching 

and the endogenous switching model was used to evaluate impacts of the improved fallow 

technology. 
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3.4 Conceptual Framework  

 

Following the extensive evaluation of literature as discussed in the literature review, this 

study attempted to assess how the following factors; farmer and household characteristics, 

market access and institutional factors, cultural factors and regional characteristics 

influenced adoption and impact of improved tree fallows among cotton farmers in Zambia 

Human asset variables and/or household’s social economic characteristics like labour in 

fulltime equivalents, education level of household head, age, gender and marital status of 

the household head, cultivated area for cotton, land tenure, assets per capita, land size per 

capita, quantity of inorganic fertilizer applied by the farmer were expected to influence 

adoption of the technology and thus included as explanatory variables in the models. All 

these variables were expected to have positive influences on the farmer’s adoption of 

improved tree fallows except for the marital status of the household head whose expected 

influence on adoption of improved tree fallows was hypothesized to either be positive or 

negative and the quantity of inorganic fertiliser applied by the farmer in cotton fields 

which was expected to be positive. This study hypothesized that the more fertiliser the 

farmer applied in the cotton fields, the more expensive it became for him/her and the more 

they preferred adopting improved fallows to improve soil fertility.  

 

Variables indicating the farmer’s access to information and services expected to influence 

adoption are market access and institutional characteristics which included access to 

information about prices of agricultural goods, belonging to a farmer group, belonging to 

a women’s group, belonging to a saving group, receiving improved fallow seedlings from 

the Government, distance to the market, and receiving advice on improved fallows. These 

variables were likely to clarify the farmer’s mindfulness about the advantages of the 

technology and hence positively affect the level of adoption. Distance to the main market 

can proxy transaction costs associated with marketing of the farmers’ agricultural inputs 

and is expected to negatively influence the level of adoption. Cultural factors such as 

beliefs in witchcraft to become successful and belief in prayer could be more important 

than hard work for success and these were similarly considered as explanatory variables. 

Haggblade et al. (2003) found that farmers’ adoption behaviour regarding technologies 
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and their adoption decisions seem to be affected by the household ‘s dominant social 

context such as customs, obligations and beliefs which are highly affected by factors such 

as farmers’ education, age, and family size. This study hypothesised an unclear influence 

of these variables on adoption of improved tree fallows due to limited literature on their 

established influences. Regional characteristics represented by dummy variables for the 

provinces were also used to capture infrastructure, remoteness, rainfall variation and other 

geographical variations across regions. Because of uncertainty of how these features 

affect the farmers located in different provinces in their adoption of improved tree fallows, 

this study hypothesizes that these features could either have a positive or negative effect 

on improved tree fallow adoption. Additionally, based on previous research, this study 

hypothesised a positive impact of improved tree fallow adoption on cotton yields and 

incomes. The factors expected to influence the cotton farmer’s adoption of improved 

fallows are summarised and shown in Table1. 

 

Table1: Factors affecting the adoption of improved tree fallows among selected 

cotton farmers in Zambia 

Variable name Variable Description 
Expected 

impact  

Dependent variables   

Adoption of improved tree fallows dummy=1 if household adopted,0 otherwise  

Explanatory variables   

Farmer and household 

characteristics 
  

Hgender (Gender=1 if male headed,0 otherwise) +/- 

Hhsize Household size + 

Headage Age of the household head in years +/- 

Fte Labour in full time equivalents + 

Hmstatus (marital status=1 if single,0 otherwise) +/- 

ha_harvctn Cultivated area for cotton(ha) + 

Landtenure Landtenure(=1 if secured,0 otherwise) + 

assets_pc Value of productive assets percapita + 

land size _pc Land holding size percapita + 

Ctnfert Quantity of inorganic fertiliser applied in kg + 
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Table1 continued 

 

3.5 Empirical Framework  

 

3.5.1 Estimation, challenges and techniques  

Valuation of the welfare outcome of adoption of improved tree fallows built on non-

experimental observations is non-trivial due to the need of finding on counterfactual of 

intervention. What we cannot perceive is the outcome for those farmers who adopted 

improved tree fallows had they not had adopted it (or the converse). Above or less 

valuation of impact can happen if a strong identification approach is not used. Even if 

literature from various studies (for example, Quinion et al.,2010; Akinnifesi et al., 2006; 

Ajayi et al., 2007,2009; Mafongoya et al., 2006; Franzel, 2004; Phiri et al.,2004; Place et 

al., 2002) recommend that there are various income gains linked with adoption of 

Variable name  Variable description 
Expected 

impact 

Market access & institutional 

factors 
  

Acessinfpri Price infor access +/- 

Farmergroup Belonging to a farmer group + 

Womengroup 
Belong to women’s group(=1 if yes,0 

o/w) 
+ 

Savinggroup Belong to a saving group(=1 if yes,0 o/w) + 

seedling_gvt projects 
Seedlings from the  government (=1 if 

yes,0 o/w) 
+ 

Distmkt Distance to the market in kilometres - 

info_trees 
Advice on improved fallows(=1 if yes,0 

o/w) 
+ 

Ctnfert Quantity of inorganic fertilizer applied + 

Cultural  factors   

Witchcraft 
Trust witchcraft for success(=1 if yes,0 

o/w) 
+/- 

Prayer 
 Trust prayer over  hard work for success 

(=1 if yes,0/w) 
+/- 

Regional characteristics   

Dcentral dummy for Central province + 

Deastern dummy for Eastern province + 

Dmuchinga dummy for Muchinga  + 

Dsouthern Dummy for southern province + 
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improved fallows, estimation of income gains built on these studies could have analysed 

observations that were not automatically equivalent, probably leading to biased 

conclusions about impacts. Above or less valuation of impact can happen if a strong 

identification approach is not used. It is however acknowledged that the estimate of a 

causative effect achieved by matching a treatment group with a non-experimental group 

might be biased due to selection bias problems (Dehejia and Wahba, 2002).As discussed 

by Dehejia and Wahba (2002), the effective method of resolving the problem of having 

no information on the counterfactual situation is to consider an examination of the direct 

consequence of technology adoption by analysing the dissimilarities in outcomes among 

the farm households. Angrist and Pischke (2009) noted that the selection bias could be so 

enormous in absolute terms that it entirely disguises a treatment effect. It follows that in 

order to point to a technology as causing impact, selection bias has to be overcome. This 

is because one cannot observe the income gains of those farmers who adopted improved 

tree fallows had they not adopted them. The counterfactual outcome cannot be perceived. 

Two proxies are used to measure household welfare outcome in this study, namely cotton 

yield and cotton income. Thus we estimate two welfare outcome functions for adopters 

and another for non-adopters. 

 

Where experimental data is presented through randomized control trials, the problem of 

causal inference can be fixed (Miguel and Kremer, 2004). For instance, one can randomly 

allocate improved fallows to the comparison and treatment households. This offers more 

guarantee that the income gains from the comparison households that did not adopt the 

improved fallows statistically symbolize the outcome that treatment households would 

have, had they not adopted the improved fallows. But adoption of improved tree fallows 

is not randomly assigned to the adopters and non-adopters. They rather decide whether to 

adopt improved tree fallows or not based on the information that they have. Therefore, 

adopters and non-adopters may be systematically different.  

 

In figuring out the effects of improved tree fallow adoption on smallholder farmers’ 

incomes or yields among the cotton farmers, the ordinary least squares (OLS) method 

would be appropriate. (Arcidiacono, 2000). In this method, a dummy variable for adoption 
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of improved tree fallows in the outcome equation would be included. The dummy variable 

would be equal to one if the household adopted improved tree fallows and zero otherwise. 

This method, though, might lead to biased estimations since it assumes that adoption of 

improved tree fallows is exogenously determined while it is hypothetically endogenous. 

The decision to adopt or not is controlled and may be founded on individual self-selection. 

Farmers that adopted could have methodically different features from the farmers that did 

not adopt, and they may have chosen to adopt based on expected benefits.  

 

Unobservable characteristics of farmers and their farms may affect both the adoption 

decision and the welfare outcome, causing inconsistent estimates of the effect of adoption 

of improved tree fallows on household welfare. For example, if only the most skilled or 

inspired farmers choose to adopt and we fail to control for skills, then we will incur in an 

upward bias. The solution is to explicitly account for such endogeneity using simultaneous 

equation models (Hausman, 1978). Another econometric issue which arises despite 

accounting for endogeneity is that it may be unsuitable to use a combined sample of 

adopters and non-adopters (i.e. a dummy regression model) This is where a binary 

indicator is used to assess the effect of improved tree fallow adoption on some welfare 

outcome variables). In this case, it is unclear whether improved tree fallow adoption 

should be expected to have an average impact over the entire sample of farmers, by way 

of an intercept shift, or it should be expected to raise the productivity of factors of 

production, by way of slope shifts in the income function (Alene and Manyong, 2007). In 

the pooled model estimation, it is assumed that the set of covariates has the same impact 

on adopters and non-adopters (i.e. common slope coefficients for all regimes). This 

suggests that technology adoption has only an intercept shift effect, which is usually the 

same regardless of the values taken by other covariates that determine welfare outcome. 

 

If it is expected that factors of production have differential effects on household welfare 

outcome, distinct welfare outcome functions for adopters and non-adopters have to be 

detailed, while at the same time accounting for endogeneity. The econometric problem 

will therefore include both endogeneity (Hausman,1978) and sample selection 

(Heckman,1979). This stimulates an endogenous switching regression model that corrects 
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both endogeneity and sample selection and allows interactions between adoption and 

other covariates in the welfare outcome function (Freeman et al., 2001 and Alene and 

Manyong, 2007). In addition to switching regression, a non-parametric technique, namely 

propensity score matching (PSM) was used in this study to overcome the econometric 

problems and to assess the robustness of the study’s results.  

 

3.5.2 The Probit Model 

 

In order to provide a detailed analysis of the behavioural preference of the cotton farmers 

of either adoption or non-adoption of improved tree fallows, a discrete choice probit 

model for binary choice (yes, no) responses referring to adoption and non-adoption 

respectively was applied in this study. The probit model is a statistical probability model 

with two categories in the dependent variable (Liao, 1994). It is based on the cumulative 

normal probability distribution and its binary dependent variable  Y , takes the values of 

one and zero (Aldrich and Nelson,1984). For instance, in this study, in the case of adoption 

and non-adoption, the dependent variable took the values of one and zero respectively. 

Greene (2011) specifies the probit model as follows: 

 

     ik
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Where ip  is the probability of the outcome while kkiX  ,,, 0  represents the 

cumulative distribution function (CDF) of the standard normal distribution, explanatory 

variables on i  individuals, the constant and regression coefficients (impact of changes in 

X on the probability) respectively. In this study, the correlation between a specific 

explanatory variables and the outcome of the probability was interpreted by means of the 

marginal effect, which explains the ceteris paribus effects of changes in the regressors 

affecting the features of the outcome.  The regression coefficients of the explanatory 

variables in this analysis were used to indicate the significance and direction of the 

particular variables towards the farmer’s adoption of improved tree fallows. The marginal 
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effect associated with continuous explanatory variables kx  on the probability. 

 XYip |1 , holding the other variables constant, are specified as; 
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Where   is the probability density function of a standard normal variable.                                                                                                                  

The marginal effect    on dummy variables  d  refer to discrete changes in the 

predicted probabilities and are specified differently as; 

 

    0,1,  dd xx                                                                                                            (3) 

Where X  represents the means of all the other variables in the model.  

                                                                                    

3.6 Impact of adoption of improved fallows on cotton – the propensity score and 

endogenous switching regression model estimation 

 

Since assignment of the improved tree fallows was not randomly done, the sample used 

in this study was expected to suffer from selection bias. Thus to ensure robust estimation 

of the impact estimates, the propensity score matching and endogenous switching 

regression modelling techniques were used Propensity score matching approaches simply 

control for heterogeneity effects due to observable covariates while endogenous switching 

regression accounts for endogeneity bias and the effects of unobservable covariates.   

 

3.6.1 The propensity score matching 

 

The propensity score is the probability of receiving treatment in this case adoption of 

improved tree fallow technology conditional on the covariates or observable 

characteristics  iX . The impression of Propensity score matching (PSM) is to match 

individuals who based on observables have a very similar probability of adopting the 
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improved tree fallow technologies (similar propensity scores) but one of them adopted 

and the other didn’t. We then take it that all the difference in the outcome variable is due 

to the treatment (adoption). In Propensity score matching (PSM), a comparison set that is 

centred on a model of the probability of participating in the adoption process is made, 

using observed characteristics. The propensity score reflects the probability of the cotton 

farmers adopting improved tree fallows subject to their different observed characteristics 

(Rosenbaum and Rubin,1983). Letting iD  to stand for a dummy variable equal to 1 if 

cotton farmers adopted improved tree fallows and equal to 0 otherwise, the propensity 

score can be expressed as; 

 

                       XX iDEDXP i |||1Pr        (4) 

 

Where X  is a vector of the covariates that are postulated to affect adoption of improved 

tree fallows (Rosenbaum and Rubin, 1983) and  .E  is the expectation operator. In this 

study, each adopter was matched to a non-adopter on the basis of this single propensity 

score. Although initially, the objective of using the PSM was to simply provide a quality 

sub sample (with similar characteristics between the adopters and non-adopters) for use 

in the endogenous switching regression model, the study proceeded to estimate average 

treatment effect on the treated (ATT) using this method as well. The average treatment 

effect on the treated (ATT) of the technology was calculated as the mean difference in 

outcomes (crop yields and income) across the adopters and non-adopters’ groups. Letting 

1
Y  and 0

Y to be the outcomes of the adopters and non-adopters respectively, ATT requires:  

 

           )1|(
01

 TYYE              (5) 

 

Where; E is the expectation in the difference in the outcome )(
01

YY   between adopting 

the technology, T =1 and the counter factual outcome if adoption had not been embraced 

T = 0. For PSM to be valid there should be imposition of the Conditional Independent 

Assumption (CIA) that states that, given a set of observable covariates X, the potential 

outcome in case of no treatment or not adopting is independent of technology assignment: 
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The second condition is the overlap form, which ensures that for each adopting household 

there are non-adopting households with the same observables. With the above two 

conditions, within each cell defined by X, technology adoption assignment is random, and 

the outcome of control households can be used to estimate the counter factual outcome of 

the treated in the case of no treatment (adoption). Independent variables included in the 

PSM estimation were those which were either related with both the outcome and treatment 

or only correlated with the outcome and not the treatment variable (Brookhart et al., 

2006). Several models were tried out till the most comprehensive and robust specification 

that fulfilled the balancing tests and establishment of the common support region was 

obtained. The common support or overlap condition usually makes sure that for each 

treated or adopting unit, there are control or non-adopting units with the same observables. 

To make sure that the overlap assumption held, balancing tests were carried out. This was 

done so as to see if within each quantile of the propensity score distribution, the average 

propensity score and mean of X were similar. The propensity scores in this study were 

estimated for improved tree fallow adopters and non-adopters by using the probit model. 

In this study, two matching algorithms were chosen, nearest neighbour and kernel 

matching that gave a trade-off between matching superiority and effectiveness of the 

estimators (Caliendo and Kopeinig, 2008). 

 

3.6.2 Controlling for unobservable factors using the ESR Model 

 

ESR model is a parametric approach that was used in this study. It consists of the selection 

equation and two continuous regressions that define the behaviour of the farmer as he 

faces the two regimes of adopting the technologies or not. The selection equation is stated 

as; 

iiii
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Where
*

i
I is the unobservable variable for technology adoption and i

I  is its observable 

counterpart which is the dependent variable which equals one, if the farmer has adopted 

and zero otherwise and  are vectors of parameters while Xi are vectors of exogenous 

variables also included in output equations 8 and 9. i
Z  are non-stochastic vectors of 

variables that explain only the selection process and have no direct effect on the outcome. 

These variables also cited as instruments are very significant for identification purposes. 

i
  is a random disturbance related with the adoption of the technologies (Maddala and 

Nelson, 1975). The two outcome regression equations where farmers face the regimes of 

adopting or not to adopt are defined as follows:  

Regime 1: iii
Xy

1111
     if 1

i
I     (8) 

Regime 2: iii
Xy

2222
     if 0

i
I     (9) 

 

Where ji
Y are the outcome variables (crop yield or income) in the continuous equations; β1 

and β2 are vectors of parameters; and i1
  , i2

  are random disturbance terms. The 

selection equation and the outcome regression equations can all together be estimated 

using the full information maximum likelihood estimation (Lokshin and Sajaia, 2004). 

For the model to be identified, it is essential to impose exclusivity restrictions when 

running the endogenous switching regressions. The selection instruments are not only 

those inevitably created by the nonlinearity of selection model but can also include 

variables that directly affect the selection variable but not the outcome variable. In this 

study, receiving seedlings from government projects variable was used as the selection 

instrument in estimating the impact of adopting the improved fallows on both the cotton 

yields and the value of cotton sales. We established the admissibility of these instruments 

by performing a simple falsification test: if a variable is a valid selection instrument, it 

will affect the decision of choosing an adaptation strategy but it will not affect the cotton 

yield or value of the cotton sales of the farmers that did not adapt. (Di Falco et al., 2011). 

Upon approximation, the endogenous switching regression model can be used to compare 

the various conditional expected outcomes of the farm households. These include:  
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(a) Cotton yield (income) for households that adopted  

(b) Cotton yield (income) for households that did not adopt 

(c) Cotton yield (income) for households who adopted had they not adopted. 

(d) Cotton yield (income) for non-adopting households had they adopted. 

 

Cases (a) and (b) represent the actual expectations observed in the sample while cases (c) 

and (d) represent the counterfactual expected outcomes. The effect of the treatment on the 

treated (TT) (effect of improved tree fallows on the adopters) is the difference between 

(a) and (c) while the effect of the treatment on the untreated (TU) for the farm households 

that actually did not adopt improved tree fallows is the difference between (d) and 

(b).Heterogeneity properties owing to unobservable factors such as management skills 

can be established by calculating the difference in the expected outcomes of the adopters 

of improved tree fallows (a) and that of the non-adopters had they adopted 

(d).(Asfaw,2011). Equally, for the group of farm households that decided not to adopt, 

the difference between (c) that the adopters did not adopt and (b) the non-adopters can be 

calculated. “Transitional heterogeneity” (TH), assessing whether the consequence of 

adopting improved trees fallows is larger or smaller for the households that actually 

adopted the technologies or for the household that actually did not adopt in the 

counterfactual case that they did adopt, is calculated by getting the difference between TT 

and TU. The statistical package, STATA version 14 was used in this study to carry out 

the probit, propensity score and endogenous switching regression model analyses. 
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CHAPTER 4 

 

RESULTS AND DISCUSSION 

4.1 Introduction 

 

This chapter presents a discussion on the findings of this study. Firstly, a description of 

the studied sample is presented, the adoption rates of improved fallows in the major cotton 

producing areas are also given. The description of the sample is followed with a 

presentation and discussion of results on factors affecting the adoption of the technology 

and the impact of the technology on farmer’s cotton yields and income. 

 

4.2 Sample Characteristics 

 

4.2.1 Improved Tree Fallow Adoption among the selected cotton farmers 

 

About 1219 cotton farmers who planted improved tree fallows were purposely selected 

out of the 7933 farmers in the RALS 2015 by using stata version 14. Table 2 shows the 

distribution of these 1219 farmers in their respective regions. The cotton growing regions 

dominant in planting of improved tree fallows as shown in Table 2 include Central, 

Eastern, Muchinga and Southern Provinces. These provinces constitute the study area.  

 

Table 2: Distribution of Selected Cotton Farmers who planted improved fallows 

Source: Author’s own calculations-(RALS 2015) 

Region  Number of households Percentage(%) 

Central 123 10.09 

Copper belt 1 0.08 

Eastern 864 70.88 

Lusaka 12 0.98 

Muchinga 125 10.25 

Southern 94 7.71 

Total 1219 100 
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Table 3 shows the total number and percentage of cotton growing households adopting 

improved tree fallows in the study area. From the surveyed 1,206 cotton farming 

households in four Provinces (RALS 2015), overall adoption of improved tree fallows 

among cotton farmers remains low at 17.2% showing that only 208 of the cotton farmers 

adopted the improved tree fallows while non-adopters composed 82.76% of the sample 

and were 998 in total. Most of the adopters came from Eastern Province followed by 

Muchinga, Southern and Central Provinces as shown in Table 3. 

 

Table 3: Improved Fallow Adoption among Cotton Farmers in the study area 

Source: Author’s own calculculations-RALS 2015 

 

Gender analysis on adoption of improved fallows show that out of the 208 cotton farmers 

who adopted improved tree fallows,84.6% of these were male headed households, while 

15.28% of them were female headed households as shown in Table 4. In Eastern Province, 

about 123 cotton farmers representing 59.0% of the 208 farmers cotton farmers who 

adopted improved tree fallows were male headed households while about 24 cotton 

farmers representing 11.5% of the 208 farmers cotton farmers who adopted improved tree 

fallows were female headed households. Similarly, the distribution of improved tree 

fallow adoption among cotton farmers by gender in the other provinces(regions) in the 

study area are as shown in Table 4. 

 

 

 

 

Region Adopters(%)  Number of 

households 

Non-adopters 

(%) 

Number of 

households 

Eastern 70.67 147 11.32 717 

Muchinga 13.94 29 71.84 113 

Central 4.8 10 9.62 96 

Southern 10.6 22 7.21 72 

Total number of 

households 

 208  998 
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Table 4: Distribution of improved tree fallow adoption among cotton farmers in 

Zambia by Gender 

Source: Author’s own calculations-RALS 2015 

 

4.2.2 Common adopted improved tree fallow species among cotton farmers 

  

Among the improved tree fallow species, Faidherbia albidia (Musangu) was found to be 

the most commonly grown type of improved tree fallow. Overall, 89.9% of households 

used it as an improved fallow. Gliricidia sepium was used or grown by 5.2% of the 

households. Sesbania sesban was grown by 3.0% of the households and Tephrosia vogelii 

(ububa) and Leucaena (Lukina) grown by 1.5% and 0.3% of the households respectively. 

 

4.2.3 Descriptive Statistics of the sample  

 

To determine the statistical differences in the sample’s social economic characteristics, a 

two sample T-test was carried out between improved tree fallow adopters and non-

adopters. Socio economic characteristics were grouped under four broad categories 

namely; farm household characteristics, market access and institutional characteristics, 

cultural factors and regional characteristics and shown in Table 5.  

 

 

 

 

 

 

Province Male Percentage(%) Female  Percentage(%) 

Central 10 4.8 0 0 

Eastern 123 59.0 24 11.5 

Muchinga 22 10.57 7 3.3 

Southern 21 10.09 1 0.48 

Total 176 84.46 32 15.28 
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Table 5: Social economic characteristics 

  Total sample Adopters 

 

Non-adopters 

  

Variable name Mean 
Std 

dev 
Mean 

Std 

dev 
Mean 

Std 

dev 

Farm Household 

characteristics 
      

Household size 6.2 0.76 6.07 2.4 6.34 2.2 

Full time equivalent 6.08 2.57 5.9 2.35 6.12 2.61 

Years of formal education of 

household head 
5.6 0.10 6.5 0.23 5.4* 0.11 

Marital status(=1 if  single) 0.03 0.01 0.03 0.01 0.03 0.01 

Gender of hh head(=1 if male) 0.85 0.36 0.85 0.36 0.85 0.36 

Age of the household head in 

years 
46.0. 0.4 45.1 0.88 46.2 0.43 

Cultivated area for cotton  (ha) 0.93 0.84 0.90 0.84 0.93 0.84 

 

Land size per capita μ 
0.73 0.03 0.53 0.5 0.78* 1.06 

Quantity of fertiliser applied 

(kg) 
162.04 29.16 106.48 37.42 174.11 34.3 

Total Landholding size(ha) 4.2 5.6 2.93 2.3 4.48 6.0 

Landtenure(=1 if secure) 

 
0.02 0.01 0.02 0.34 0.02 0.38 

Productive assets value per 

capita (ZMW,000) 
2.73 6.42 2.46 4.4 2.8 6.8 

Cotton Yield(kg/ha) 

 
1078 681.0 1290.5 735 1035* 20.9 

Total cultivated land in ha 3.0 0.07 2.44 0.13 3.07* 0.08 

Tropical livestock units 5.0 11.38 3.24 0.38 5.22* 0.5 
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Table 5 continued 

 Total sample Adopters Non adopters 

Variable name Mean Std 

dev 

Mean Std 

dev 

Mean Std 

dev 

Farm household characteristics        

Value of cotton sales at actual prices 2501.8 2219.3 2986 2178 2401 2216 

Total net off farm income 3636.3 9537.8 3407.9 7483 3684 9915 

Market access and Institutional  

factors 
      

Price infor access(=1 if yes) 0.01 0.40 0.01 0.36 0.01 0.4 

Farmer  group member(=1 if yes) 0.02 0.5 1.5 0.50 0.02 0.5 

Women group member(=1 if yes) 0.02 0.42 0.02 0.41 0.02 0.42 

Saving group member(=1 if yes) 1.93 0.01 1.91 0.02 1.94 0.01 

Improved fallow seedlings from 

government(=1 if yes) 
0.04 0.19 0.1 0.3 0.002* 0.05 

Distance to the market in Km 46.0 1.1 57.72 46.4 44.2* 33.8 

Advice on improved  fallows(=1 if yes) 0.44 0.5 0.60 0.5 0.41* 0.5 

Cultural Factors       

Belief in witchcraft for success  0.03 0.40 0.03 0.01 0.03 0.01 

Trust prayer over hard work for success 0.03 0.02 0.03 0.01 0.03 0.02 

Regional characteristics       

Dcentral 0.11 0.30 0.05  0.21 0.11 0.3 

Deastern 0.72 0.45 0.71 0.46 0.72 0.5 

Dmuchinga 0.10 0.31 0.14 0.4 0.1 0.3 

Dsouthern 0.08 0.27 0.11 0.31 0.072 0.26 

Number of observations 1206  208   998 

*Significant differences between adopters and non-adopter’s means. 

Source: Authors own calculation-RALS 2015 

 

The significantly different characteristics between the adopters and non-adopters; that is 

those variables whose t-statics is greater than two included level of formal education of 

the household head, land size per capita, total land holding size, cotton yield, total 
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cultivated land, tropical livestock units, receiving seedlings from the government, 

distance to the market and receiving advice on improved fallows. A look at education 

levels shows that on average household heads had about 6 years of formal education. The 

adopters and non-adopter’s household head’s average number of years of formal 

education were 6 years and 5 years respectively. This result suggesting that education has 

a positive influence on adoption of improved fallows as documented in many studies such 

as Solomon et al., (2011), Ayinde et al., (2010), Odoemenem and Obinne (2010), Matata 

et al., (2010), Namwata et al., (2010), Isaiah et al., (2007), Boahene et al., (1999), 

Kwesiga et al., 2002 and Omoregbee (1998). The average land size per capita in the whole 

sample was about 0.73 hectares, with 0.53 hectares for adopters and 0.78 hectares for non-

adopters. The average quantity of fertiliser applied by the farmers in the whole sample 

was 162.04 kg while 106.48 kg and 174.11 kg was applied by adopters and non-adopters 

respectively. 

 

The average land holding size of the household head was 4.2 hectares, with 2.93 hectares 

for adopters and 4.48 hectares for non-adopters correspondingly. Non-adopters had large 

hectares which might have in the first place made it difficult to plant and manage large 

hectares of improved fallows. The average cotton yield for the whole sample was 

1078kg/ha and the average cotton yield for adopters and non-adopters was 1290.5kg/hand 

1035kg/ha respectively. The average total cultivated land for the total sample was 3.0 ha 

while the adopters’ average total cultivated land was 2.44 ha and the non-adopters’ total 

cultivated land was 3.07 ha. The average number of tropical livestock units of the whole 

sample was 5 units. A TLU (Tropical Livestock Unit) is an animal unit that refers to an 

animal of 250 kg live weight, and is used to aggregate diverse species and classes of 

livestock as follows: Bullock:1.25; cattle 1.0, goat, sheep and pig:0.1; guinea fowl, 

chicken and duck:0.04 and turkey:0.05. (Compiled after janke 1982). The adopters and 

non-adopters’ average number of tropical livestock units was 3 units and 5 units 

respectively. About 4% of the total sample received improved tree fallow seedlings from 

the Government while approximately 10% of the adopters and 0.2% of the non-adopters 

received improved fallow seedlings from the Government. 
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The average distance to the market for the whole sample was 46.0 kilometres while the 

adopters and non-adopter’s average distance to the market was 57.72 kilometres and 44.2 

kilometres respectively. About 44% of household heads in the whole sample received 

advice on improved fallows. On average, 60 % of the adopters received advice on 

improved fallows while 41% of the non-adopters received advice on improved fallows. 

This finding that availability of information on the technology and extension services have 

a positive impact on the farmer’s adoption of technology has been acknowledged and 

documented in many studies such as Solomon et al., (2011), Ayinde et al., (2010), 

Namwata et al., (2010), Odoemenem and Obinne (2010), Matata et al., (2010), Kwesiga 

et al., (2002) Boahene et al., (1999), and Omoregbee (1998). The whole sample ‘s average 

cultivated area for cotton was about 0.93 hectares. Meanwhile, the adopters’ average 

cultivated area for cotton was 0.90 hectares and the non-adopters average cultivated area 

for cotton was 0.93 hectares. Non-adopters had larger hectares of cultivated area for cotton 

which might have in the first place made it seemingly difficult for them to plant and 

manage large hectares of improved fallows. Distance to the market was statistically lower 

for adopters than non-adopters. Cotton yield was statistically higher for adopters than non-

adopters. This result is similar to the findings of Kuntashula and Mungatana (2013), 

Quinion et al., (2010), Ajayi et al., 2009, Kabwe (2007), Ajayi et al., (2007), Franzel 

(2004), and Place et al., (2002) which show that improved fallows increase crop yields 

though not necessarily cotton. These studies originally contributed to the reason why this 

study was carried out because no study had evaluated the efficacy of improved fallows on 

cotton yields. 

 

Overall, the average household size of the whole sample, for adopters and non-adopters 

was about 6 people. The fulltime equivalence for the whole sample was about 6 workers. 

In terms of marital status, about 3% of the households in the whole sample were single 

while 3% of the adopters and 3 % non-adopters were also single. The average age of the 

household heads in the whole sample was 46.0 years while the adopters and non-adopter’s 

average ages were 45 years and 46 years respectively as shown in Table 5. In terms of the 

gender of the household head, about 85 % of the total sample were male headed. About 

2.0 % of the whole sample, for both adopters and non-adopters had a land tenure. The 
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average value of productive assets per capita was about 2,730 ZMW for the whole sample 

and 2,460 ZMW for non-adopters and 2,800 ZMW for adopters. On average about 1% of 

the total sample had access to information on agricultural good’s prices. Other socio 

economic characteristics which were included in this study were membership to a farmer 

group, membership to a saving group, membership to women group, belief in prayer than 

hard work for success, belief in witchcraft to become successful and the location of the 

farmer (regional characteristics). Despite statistical insignificances in some variables, 

nearly all variables had similar mean values as seen in Table 5. Therefore, it is obvious 

that both groups were comparable in their characteristics. This observation inspired the 

need to approximate the impact of improved fallows in a more robust way.  

 

4.3 Factors affecting the adoption of improved tree fallows among cotton farmers in 

Zambia 

 

Estimates on factors affecting the adoption of improved tree fallows in cotton production 

using the probit regression are shown in Table 6. The coefficients together with the 

marginal effects are presented. Significant factors that influence the farmers’ adoption of 

improved tree fallows include: age of the household head, education level of the 

household head, cultivated area for cotton, landholding size per capita, value of productive 

assets per capita, distance to the market in kilometres, receiving improved tree fallow 

seedlings from the Government, receiving advice on improved fallows and the farmer’s 

location. The full description of variables in the probit model are shown in Appendix1. 

 

Table 6: Probit regression results 

Variable name Coefficient (1) 

Marginal 

effects(dy/dx)  

  (2)  

Farm household characteristics    

Household size -0.191 (0.1311) -0.071 (0.4902)  

Full time equivalent 0.087 (0.1340) 0.032 (0.0501)  

Gender of the hh head -0.013 (0.216) -0.013 (0.08143)  
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Table 6 continued 

Age of the hh head 0.012**(0.00512) 0.0044(0.0019)  

Education level of hh head 0.084***(0.0204) 0.032(0.0076)  

Marital status of the hh head(=1 if 

single) -0.07(0.071) 
-0.025(0.027) 

 

Cultivated area for cotton 0.264***(0.092) 0.099 (0.0342)  

Landholding size per capita -0.731***(0.1389) -0.27 (0.05132)  

Land tenure(=1 if yes) -0.085(0.18) -0.032 (0.07)  

Value of productive assets per capita 0.025**(0.0134) 0.01 (0.005)  

Market and Institutional Factors    

Price infor access(=1 if yes) 0.22(0.174) 0.082 (0.0654)  

cooperative group member (=1 if yes) 0.25 (0.1347) 0.093 (0.050)  

Women's group member(=1 if yes) 0.126(0.16) 0.05 (0.06)  

Saving group member(=1 if yes) -0.086 (0.2173) -0.032 (0.0812)  

Distance to the market (km) 0.010***(0.002) 0.004 (0.00075)  

Improved fallow seedlings from 

government (=1if yes) 2.12***(0.49) 
0.624 (0.053) 

 

Advice on improved fallow(=1 if yes) 0.42***(0.14) 0.156(0.049)  

Cultural Factors    

Belief in witchcraft for success 0.053(0.04487) 0.02(0.0167)  

Belief in prayer than hard work for 

success 0.014(0.0427) 
0.005(0.016) 

 

Deastern -0.468(0.284) -0.181(0.111)  

Dmuchinga 0.964*(0.417) 0.3694(0.1442)  

Dsouthern -0.27(0.329) -0.097(0.1104)  

Constant -1.39(0.9004)   

Observations   1203 

Log likelihood   -276.5 

Robust standard errors in parenthesis 

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

level. 

Source: Author’s own calculation-RALS 2015 
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An increase in the age of the household head by one year was found to increase the 

probability of improved tree fallow adoption by 0.44 %. This is because as people grow 

older, they tend to be more productive and responsible hence they tend to be innovative 

and try out productive technologies available to them. An increase in formal education 

level by one year would increase the probability of improved tree fallow adoption by 

3.2%. Being a knowledge intensive technology, farmers who are more educated are likely 

to adopt it. Other studies (Matata et al., 2008; Kwesiga et al., 2002) have also shown a 

positive relationship between education and adoption of technologies. An increase in 

cultivated area for cotton by one hectare increases the farmer’s probability of improved 

fallow adoption by 9.9%. An increase in land size per capita was found to significantly 

negatively affect the adoption of improved tree fallows among cotton farmers. An increase 

in landholding size per capita by one hectare reduces the probability of improved tree 

fallow adoption by 27.3%. The negative relationship between land holding size per capita 

and improved tree fallow adoption may possibly be because an increase in land owned by 

the farmers makes management to be difficult, hence they are less likely to plant the 

improved tree fallows over a vast land but rather on smaller hectares where they can easily 

monitor and manage them. An increase in the household head’s value of productive assets 

per capita by one thousand ZMW increase the probability of adoption by 1%. Productive 

assets range from livestock and crop seeds. For example, farmers that own oxen are 

capable of cultivating larger pieces of land within a short time or they would hire out oxen 

for extra resources to pay for labour or purchase other inputs. Earlier studies by other 

authors such as Keil et al., (2005) and Phiri et al., (2004) obtained similar results. Though 

the quantity of inorganic fertilizer applied by the farmer in the cotton field was considered 

in the probit analysis it led to the omitting of a lot of variables due to multicollinearity. 

 

An increase in distance to the market increases the probability of adoption of improved 

tree fallows by 0.4%. Receiving seedlings from government projects and improved fallow 

technology advice increases the probability of improved fallow adoption by 62.4% and 

15.6% respectively. This result of a positive relationship between receiving improved 

fallow technology advice and adoption of the technology agrees with the results obtained 

by Mwase et al., (2015), Nyoka et al., (2011) Solomon et al., (2011), Namwata et al., 
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(2010), Ayinde et al., (2010), Odoemenem and Obinne (2010), Matata et al., 

(2010),Kwesiga et al., (2002), Adesina et al., (2001) and Boahene et al., (1999) and 

Omoregbee, (1998).These results imply that receiving improved fallow technology advice 

has a higher contribution to influence cotton farmer’s adoption of improved fallows and 

that distance to the market is not an obstacle to improved tree fallow adoption but rather 

offering of improved fallow technology advice through extension services is more vital 

in influencing improved fallow adoption. The result of the positive influence of receiving 

improved fallow seedlings from the government on improved fallow adoption also agrees 

with Nyoka et al., (2011) and Kabwe (2009)’s findings that insufficient availability of 

seed and seedlings is one of the barriers to adoption of improved tree fallows. In terms of 

the farmer’s location, the results showed that farmers in Muchinga Province were 

significantly more likely to adopt the improved tree fallows on cotton production 

compared to central province which was used as a base region. Cotton farmers in 

Muchinga Province are 37% more likely to adopt the improved tree fallows.  

 

4.4 Impact of improved tree fallows on cotton yields and incomes 

 

To evaluate the impact of improved tree fallows on cotton yields and income, the 

propensity score matching and endogenous switching regression models were used. The 

endogenous switching regression was used to control for unobservables and endogeneity 

bias. In addition, the average conventional differences (using t–tests) in the outcome 

variables (cotton yields and income) were calculated between adopters and non-adopters. 

 

4.4.1 Average differences in the outcome variables between adopters and non-

adopters 

 

The average differences in the outcome variables between adopters and non-adopters 

before the use of propensity score matching and endogenous switching regression are 

shown in Table 7. Significant differences were identified in the cotton yields and value of 

cotton sales between adopters and non-adopters. 

  



  
 
 

45 
 

Table 7: Average Differences in outcome variables between adopters and non-

adopters 

Equal variance not assumed, figures in parentheses are standard errors of the mean 

Source: Authors own calculation-RALS 2015 

 

4.4.2 Estimation of propensity scores for improved tree fallow adoption 

 

In this study, the probit model was used to estimate the propensity scores. The PSM model 

results for improved fallow adoption are shown in Table 8. Variables which were 

significant in the estimation of the propensity score included: age of the household head, 

education level of the household head, area in hectares for cotton harvesting, distance to 

the market in kilometres, receiving improved tree fallow seedlings from Government 

projects, receiving advice on improved tree fallows having information on agroforestry 

trees, land size per capita and the farmers being located in Muchinga Province. 

 

Table 8: Estimated propensity score model results for improved tree fallow adoption 

Variables Coefficient 
Standard 

error 
Z 

Gender of the household head -0.352 0.216 -0.16 

Household size -0.191 0.131 -1.46 

Age of the household head 0.120* 0.005 2.34 

Formal education level of the household head 0.0846*** 0.02 4.14 

Cultivated area for cotton 0.2636*** 0.092 2.88 

Land tenure -0.09 0.177 -0.48 

Cooperative member 0.25 0.1347 1.86 

Price infor access 0.221 0.175 1.26 

 

Adopters 

(n=208) 

Non-adopters 

(n=998) 

Min 

difference t-stat 

Cotton yield (kg/ha) 1290.5(50.95) 1034.51 (20.9) 255.9 (55.1) -4.64 

Value of cotton sales at 

actual price (ZMK) 2985.9 (150.9) 2400.8 (70.1) 584.9 (167) -3.5 
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Table 8 continued 

Women group member 0.126 0.158 0.8 

Saving group member -0.086 0.217 -0.4 

Distance to the market(km) 0.104*** 0.002 5.2 

Improved fallow seedlings from government 2.12*** 0.485 4.36 

Advice on improved fallows 0.42*** 0.135 3.11 

Fulltime equivalents 0.087 0.134 0.65 

Value of productive assets per capita 0.0254 0.0133 1.91 

Land size per capita -0.7312*** 0.319 -5.26 

Belief in witchcraft for success 0.053 0.045 1.18 

Belief in prayer than hard work for success 0.0138 0.0427 0.32 

Dsouthern -0.273 0.329 -0.83 

Dmuchinga 0.964* 0.42 2.31 

Constant -1.39454 0.9004 -1.55 

Observations 1203   

LR Chi2(22) 179.33   

Prob>chi2 0.000   

Pseudo R2 0.2499   

*, **, *** significant difference between adopters and non-adopters mean at 90, 95, 99% 

significance level 

Source: Author’s own calculation-RALS 2015 

 

To ensure quality of the match, only those matches whose distribution of the density of 

the propensity scores overlapped between adopters and non-adopter’s observations were 

used. The propensity score kernel distributions for improved fallow adopters and non-

adopters are shown in Figure 2. The distribution of the density of the propensity score 

overlapping region which is commonly referred to as the region of common support is 

shown in Figure 2. As shown in Figure 2, the densities of the scores are on the y-axis and 

the propensity scores are on the x-axis. In matching, the balancing test was fulfilled and 

this ensured that the common support region consisted of improved tree fallow adopters 

and non-adopters with comparable visible characteristics. About 1203 observations fell 

within the common support region and were thus used in the matching. 
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Figure 2: Distribution of the density of propensity scores showing the region of 

common support 

Source: Author’s own calculation-RALS 2015 

 

4.4.3 Impact of Improved fallows on cotton yields and income using matching 

algorithms 

 

The matching results for the nearest neighbour method and the kernel matching approach 

are displayed in Tables 9 and 10 respectively. Both the nearest neighbour strategy and 

kernel matching method used 345 households among the control units to match against 

188 adopting households.  Impact results from both the nearest neighbour and kernel 

matching show positive and significant impact of improved tree fallow adoption on cotton 

yield and value of cotton sales at actual prices. The adoption of improved tree fallows in 

cotton production increased cotton yields by about 279 2 kg/ha and 302.2 kg/ha when 

estimated using the nearest neighbour and kernel matching algorithms respectively. The 
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technology increased cotton income by ZMW 822.06/ha and ZMW 793/ha, respectively 

(Tables 9 and 10). 

 

Table 9: ATT estimation of various outcome variables using nearest neighbour 

matching 

Outcome variables ATT Bootstrapped standard 

error 

t-stat 

Yield of cotton (kg/ha) 279.2 88.2 3.17 

Value of cotton sales at actual price 

(ZMW/ha) 

822.06 245.97 3.34 

Number of treated units=188 and number of control units=345 

Source: Author’s own calculation-RALS 2015 

 

Table 10: ATT estimation of various outcome variables using kernel matching 

Outcome variables ATT Bootstrapped standard error t-stat 

Cotton yield per hectare (kg/ha) 302.2 60.14 5.00 

Value of cotton sales at actual price 

(ZMW/ha) 

792.7 167.92 4.72 

Number of treated units=188 and number of control units=345 

Source: Author’s own calculation-RALS 2015 

 

4.4.4 Impact of improved tree fallows on cotton yield and income using the ESR 

 

In the Tables, 11 and 12, the full information maximum likelihood estimates of the 

endogenous switching regression model are shown. The full information maximum 

likelihood method was estimated using the econometric software stata version 14 (stata 

corp). The first and second columns in both tables show the welfare functions (cotton 

yield and value of cotton sales) for households that did and did not adopt the improved 

fallow technique while the column at the end represent the instrument variable used in the 

selection equation on adoption of improved fallows. Receiving tree seedlings from the 

government was highly correlated with adoption of improved fallows while it was 
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uncorrelated with either cotton yields or income from cotton sales. This variable therefore 

was a suitable instrument in both models. The correlation coefficient between the 

adopter’s regime and the selection equation in the cotton yields model was negative and 

significantly different from zero. This means that farmers who adopted improved fallows 

got higher cotton yields than a randomly selected farmer from the sample would have 

achieved.  

 

As shown in Table 11, the statistically significant variables which were identified to affect 

the adopters’ cotton yields positively included membership to a women group and 

membership to a saving group. The factor which significantly decreased the adopters’ 

yields was cultivated area for cotton as shown in Table 11. This result could be as a result 

of management difficulties which arise as the area under the farmers’ control increases 

probably without additional labour to assist him /her. Thus, the larger the farming area the 

farmer has to manage, the more difficult it becomes for him/her to adopt the improved 

tree fallows. Membership to a saving group and farmer group increases the adopter’s 

cotton productivity as shown in Table 11. This observation is expected as the farmer’s 

interaction with other farmers in these groups improves the farmer’s agricultural skills 

and knowledge which increases his/her cotton productivity. The factors which were 

identified to significantly affect the non-adopters’ yields negatively were household size, 

cultivated area for cotton and belief that prayer is more important than hard work for 

success. The factors which significantly increased the non-adopter’s yields are the gender 

of the household head, marital status of the household head, receiving advice on improved 

tree fallows, fulltime equivalence and the farmer being located in Muchinga Province. 

 

Table11: Full information maximum likelihood estimates of the switching 

regression model on cotton yields 

 

 

Variables Yieldctn0 Yieldctn1 Selection 

Gender of the hh head 258.4**(109.9) 266(176.1)   

Household size -139.7**(67.56) 142.5(112.5)  

Age of the hh head -2.675(2.702) 0.0326(4.413)  

Education level of hh head 6.595(10.56) 7.431(16.34)  

Marital status of the hh head 102.1***(37.73) 62.2(56.44)  
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Table 11 continued 

Dependent variable: Cotton yield per hectare (kg/ha) 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Author’s own Calculation-RALS 2015 

 

As shown in Table 12, the statistically significant variables which positively affected the 

adopter’s value of cotton sales include gender of the household head, cultivated area for 

cotton, value of productive assets per capita, landholding size per capita and being located 

in Eastern Province. No factors were identified to negatively affect the adopters value of 

cotton sales. Factors such as gender of the household head, marital status of the household 

head, cultivated area for cotton, receiving advice on improved fallows, full time 

equivalence and the value of productive assets per capita significantly and positively 

affected the non-adopters ‘s value of cotton sales. Significant factors which negatively 

affected the non adopters’ value of cotton sales include household size, membership to a 

Cultivated area for cotton(ha) -222.1***(47.68)   -181.7***(68.7)  

Cooperative member -45.93(71.88) -152.3(110.9)  

Price infor access 57.9(95.43) 109.5(143.5)  

Women's group member -115.6(77.23) 219.9*(129.8)  

Savings group member -176.4(115.3) 358.1**(180.2)  

Distance to the market (Km) 0.74(1.446) 0.116(1.136)  

Advice on Improved fallows  173.9**(67.97) 81.96(113.9)  

Full time equivalent 156.6**(69.34) -164.3(114.2)  

Value of productive assets per 

capita 

5.006(5.354) 6.289(12.69) 

 

Landholding size per capita -5.37(49.04) -135.2(125.2)  

People in this are use witchcraft 

to become successful 

 

18.71(23.67) 

-12.4(36.74) 

 

Prayer is more important than 

hard work for success 

-49.56**(21.59) 
9.207(36.1) 

 

Deastern 117.2(170.8) 218.9(245.6)  

Dmuchinga 610.4**(37.4) 371(292.7)  

Seedlings from government 

project,1=yes 

 
 

2.095***(0.484) 

Constant 1,119***(424.4) 127.8(702.1) -0.376***(0.056) 

rho 0.0956 0.2521  

rho1 -0.2852 0.224  
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cooperative or saving group, belief that prayer is more important than hard work for 

success and being located in Southern Province. 

 

Table 12: Full information maximum likelihood estimates of the switching 

regression model on value of cotton sales 

Variables Value of cotton 

sales 0 

Value of cotton 

sales 1 

Selection 

Gender of the household head 449.4*(231.9) 777.4*(418.5)  

Household size -301.1**(142.7) 302.5(267.5)  

Age of the household head -4.278(5.695) -10.82(10.490)  

Education level of household 

head 12.89(22.26) 

29.46(38.81  

Marital status of the household 

head 201.9**(79.55) 

3.951(134.2)  

Cultivated area for cotton(ha) 1,239***(100.7) 1,469***(163.8)  

Cooperative member -264.8*(151.8) -427.1(264.1)  

Price infor access -63.32(201.2) 43.30(340.6)  

Women group member 7.899(162.8) 402.3(307.6)  

Saving group member -553.7**(243.0) 605.3(428.9)  

Distance to the market( Km) 0.143(3.048) 0.533(2.695)  

Advice on Improved fallow 247.5*(143.5) 108.5(270.3)  

Full time equivalent 367.5**(146.6) -283.2(271.5)  

Value of productive assets per 

capita 

19.87*(11.29) 

50.17*(30.18) 

 

Landholding size per capita 18.17(103.4) 582.0*(297.5)  

Belief in witchcraft to become 

successful 

-5.119(49.89) 

-107.5(87.34) 

 

Prayer is more important than 

hard work for success 

-75.15*(45.54) 

-24.53(85.78) 

 

Dsouthern -839.8**(420.1) -140.0(644.4)  

Deastern -490.3(360.1) 1,198**(581.9)  

Dmuchinga 61.99(648.0) 1,613**(694.1)  

Seedling from government 

project,1=yes   

2.067***(0.472) 

Constant 1,913**(973.4) -875.11(1,663) -0.38***(0.056) 

rho0 0.01052 0.5768  

rho1 -0.31657 0.2114  

Dependent variable: Value of cotton sales at actual price (ZMK) 

Standard errors in parentheses  

*** p<0.01, ** p<0.05, * p<0.1 

Source: Author’s own calculation-RALS 2015 
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The switching regression model’s results on the expected welfare outcomes of yield and 

income under actual and counterfactual conditions are shown in Table 13. The results 

show that adopters who decided to adopt the technology had significant higher yields than 

in their counter factual state i.e. had they not adopted. This result suggests that improved 

fallows have a positive effect on cotton yields. Those who adopted the technique increased 

cotton yields by 188.5kg solely as a result of using improved fallows. Studies by other 

authors such as (Obuoyo and Ochola ,2015; Place et al., 2005; Kuntashula & Mungatana, 

2014) obtained similar results on crop yield increases other than cotton. Similarly, 

estimates on the value of cotton sales show that adopters significantly gain as a result of 

using improved fallows. The causal effect of the technique per hectare was estimated at 

around ZMW 500. This result can be attributed to the higher cotton yields for the adopters 

which translates into higher values of cotton sales. For the non-adopters, the predicted 

estimates show that they could have obtained lower cotton yields had they adopted the 

technique. However, the yield difference between non-adopters and had they adopted was 

statistically insignificant. The difference in the value of cotton sales/ha between non-

adopters and their counterfactual state was equally statistically insignificant. Given their 

unobservable characteristics, perhaps this could be one reason why the non-adopters did 

not adopt in the first place.  insignificant. From the results, it can be stated that, like 

estimates from the nearest neighbour and the kernel matching strategies, the endogenous 

switching regression suggests that the adoption of improved tree fallows increases yields 

and value of cotton sales for the adopters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 
 

53 
 

Table 13: Endogenous switching regression model results 

Source: Author’s own calculation-RALS 2015 

Note: TT treatment effect on the treated (adopting–had not adopted), TU treatment effect 

on the untreated (had they adopted–not adopted), BH Base heterogeneity (adopted–had 

they adopted), TH Transitory heterogeneity (TT–TU) 

 

 

 

 

 

 

 

 

 

 

 

 

 

             Decision Stage Treatment effect 

  Adopted Not to adopt 
Difference(TT or 

TU) 

Cotton yield per hectare(Kg/ha)      

Adopters 1479.1 1290.6 188.5*** 

Non-adopters 988.2 1018.5 -30.3 

Heterogeneity  effects BH1= 490.9  BH2 = 272.1 TH=218.7 

Value of cotton sales at actual 

price(ZK) 
    

Adopters 3486.7 2985.9 500.7*** 

Non-adopters 2246.3 2193.2 53.1 

Heterogeneity effects BH1=1240.3 BH2=792.7 TH=447.6 
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CHAPTER 5 

 

CONCLUSION AND RECOMMENDATIONS 

 5.1 Introduction 

 

This chapter focuses on the summary of the key findings and conclusions of the study. It 

later presents the policy recommendations proposed based on the key findings. The 

chapter then closes by suggesting areas where future research can be carried out. 

 

5.2 Conclusion 

 

The overall objective of this study was to identify factors affecting adoption, and evaluate 

the impact of the improved fallows on cotton production in selected cotton producing 

provinces of Zambia. The study’s specific objectives were to identify the factors affecting 

the use of improved fallows on cotton production and to determine the impact of adopting 

improved fallows on cotton yields and incomes. These objectives were achieved in this 

study by analysing data from the Rural Agricultural Livelihoods Survey (RALS) of 2015. 

The national representative Rural Agricultural Livelihood Survey was conducted by the 

Indaba Agricultural Policy Research Institute(IAPRI) in collaboration with the Central 

Statistical Office (CSO) and the Ministry of Agriculture (MA) between June and July 

2015. This study purposively selected Central, Eastern, Muchinga and Southern Provinces 

as study areas because in addition to being cotton growing areas, these provinces are key 

areas in adoption of improved tree fallow technologies among cotton farmers. 

 

The study analysed a sub sample of 1,206 cotton farmers from the four provinces. Thus 

the study analysed factors affecting the adoption of improved tree fallows and the impact 

of this adoption on cotton yields and incomes consequently. The determinants of 

improved tree fallow adoption among the cotton farmers were examined by using the 

probit model. Furthermore, the study employed the 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, an endogenous switching regression model 
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was used. The Endogenous switching regression model is a parametric approach that was 

used in this study to control for unobservables and endogeneity bias. Unobservables refer 

to the farmer’s unseen attributes such as difference in management skills, commitment of 

the farmer etc. The Endogenous switching regression model consists of the selection 

equation and two continuous regressions that describe the behaviour of the farmer as he 

encounters the two regimes of adopting the technologies or not.  

 

By using the probit model, the factors which were identified to positively affect the 

adoption of improved tree fallows include membership to a cooperative, receiving 

improved tree fallow seedlings from the government projects and having information on 

agroforestry trees, age of the household head, education level of the household head, 

productive assets per capita, cultivated area for cotton and distance to the market. Farmers 

in Muchinga province were found to be more likely to adopt the improved tree fallows 

than the farmers in all the other provinces in the study. On the other hand, an increase in 

land size per capita was found to negatively affect the adoption of improved tree fallows 

among cotton farmers in all the provinces. Both the propensity score matching and 

endogenous switching regression estimates suggest that the improved tree fallow adoption 

significantly increased the farmer’s cotton yields and value of cotton sold at actual prices 

and eventually increased the farmer’s cotton income. 

 

5.3 Study Recommendations 

 

Given the positive impacts of improved tree fallows on cotton production and income, the 

study recommends that stakeholders should explicitly promote the technology on cash 

crops that share similar agronomic characteristics to maize such as cotton. Further, the 

extension services and farmer trainings on the use of innovative technologies such as 

improved tree fallows should not only be improved but should be a continuous process. 

Providing the farmers with improved tree fallow seedlings alongside improving on their 

productive asset capacity enhances the probability of adoption. Thus, improved tree 

fallow seedlings should be considered as part of the e-voucher package. Given that the e-

voucher package includes some legume planting material or seeds, this is an avenue that 
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the government can use to include improved tree fallow seeds/seedlings so that the 

promotion of improved tree fallows can be enhanced. Although most farmers would opt 

for edible or food legumes, the provision of improved tree fallow seeds/seedlings as an 

additional option would give or expand choices for farmers. The farmers’ formal 

education levels should be improved as it was found in this study that an improvement in 

the farmers ’s formal education level increased their adoption of improved fallows. 

Additionally, more sensitization on the benefits of adopting the improved tree fallows 

should be carried out by the Government and other stakeholders in order to improve the 

adoption rates. 

 

5.4 Future Research 

 

Future research on the adoption of improved tree fallows on other cash crops in Zambia 

apart from maize and cotton such as wheat, tobacco, sunflower should be considered in 

order to enhance the technology’s adoption potential. The limitations of this study 

included the absence of data relating to different types of specific improved tree fallow 

species used in the study areas. And this masks specific factors which affect specific types 

of improved tree fallows applied. Future research on adoption and impact of improved 

tree fallows should collect longitudinal data on various types of improved tree fallows 

This will be essential for the understanding of suitable agroforestry technologies to 

specific provinces or agro-climatic region in the country. This would promote adoption 

and specify areas for effective policy intervention by government agencies and NGOs. 
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APPENDICES 

 

APPENDIX 1: Description of variables in the probit model 

Variable name Variable Description Expected 

impact  

Dependent variables   

Adoption of improved tree fallows Dummy=1 if household adopted,0 

otherwise 

 

Explanatory variables   

Farm household characteristics   

Hgender (Gender=1 if male headed,0 otherwise) +/- 

Hhsize Household size + 

Headage Age of the household head in years +/- 

Fte  Labour in full time equivalents + 

Hmstatus (marital status=1 if single,0 otherwise) +/- 

Ha_harvctn Area in hectares for cotton field + 

Landtenure Landtenure(=1 if secured,0 otherwise) + 

Assets_pc Value of productive assets percapita + 

Land size _pc Land holding size percapita + 

Ctnfert Quantity of inorganic fertiliser applied by 

the famer 

+ 

Market access & institutional factors   

Acessinfpri Access to agricultural good’s prices +/- 

Farmer group Belong to a farmer group + 

Womengroup Belong to women ‘s group(=1 if yes,0 

o/w) 

+ 

Savinggroup Belong to a saving group(=1 if yes,0 o/w) + 

Seedling_gvt projects Seedlings from government (=1 if yes,0 

o/w) 

+ 

Distmkt Distance to the market  in kilometres - 
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Appendix 1 continued 

Variable name Variable description Expected 

impact 

Market access and institutional 

Factors 

  

Info_trees Advice on improved fallows(=1 if 

yes,0o/w) 

+ 

Cultural Factors   

Belief in witchcraft to become 

successful 

Dummy=1 if yes,0 otherwise + 

Belief in prayer than hard work 

for success 

Dummy =1 if yes,0 otherwise +/- 

Regional characteristics   

Dcentral dummy for central province + 

Deastern dummy for eastern province + 

Dmuchinga dummy for Muchinga province + 

Dsouthern dummy for southern province + 

Pscoreweight Propensity score weight for 

improved fallows adoption 

+ 

 

 

 

 

 

 

 

 

 

 

 

 


