
 
 

 
 

EFFECTS OF SUBSIDIZED INPUTS ON LEGUME 

PRODUCTION IN ZAMBIA 

 

 

Peter Zulu 

 

A Thesis submitted to the University of Zambia in partial 

fulfilment of the requirements of the degree of Master of Science 

in Agricultural Economics 

 

 

 

 

THE UNIVERSITY OF ZAMBIA 

 LUSAKA 

 2013 



i 
 

COPYRIGHT AND DECLARATION 

DECLARATION 

This research work represents my original work and has never been previously submitted at 

this or any other university for the award of a degree, diploma or other qualification. 

Sign----------------------------------------  Date----------------------------------------- 

Peter Zulu 

Department of Agriculture Economics and Extension 

APPROVAL 

This thesis of Peter Zulu has been approved as partial fulfilment of the requirements for the 

award of a Master of Science in Agricultural Economics by University of Zambia. 

Examiners: 

Sign---------------------------------------- Date------------------------------------------- 

Sign---------------------------------------  Date------------------------------------------- 



ii 
 

ABSTRACT 

One of the major causes of low crop yield in smallholder farming systems in Zambia is poor 

soil nutrients. In order to address this problem, the Government of the Republic of Zambia 

(GRZ) introduced an input subsidy program aimed at making inorganic fertilizers and 

improved maize seed cheaply available to the target households. However, these 

interventions are targeted at maize only, to the exclusion of all other crops. There is thus a 

general concern that the subsidy program could be negatively affecting the production of 

other crops including legumes (Mason et. al., 2013). This study seeks to empirically 

investigate the effect that the government sponsored maize input subsidy program is having 

on the production of legumes. 

This study uses panel data from a three-wave national representative survey, conducted by 

the Central Statistical Office (CSO) for the 1999/2000, 2002/03 and 2006/07 agricultural 

seasons. The three waves followed the same households that had been interviewed in the 

1999/2000 post harvest survey. The study employs Cragg’s double hurdle (DH) model.  

Our results show that there is a general decline in the area allocated to legumes production 

among smallholder farm households since the introduction of maize subsidies. However, the 

econometric results show input subsidies do not significantly affect the production of 

legumes among smallholder farm households. On the other hand, factors like land holding 

size, access to market information, livestock ownership, maize prices and prices of related 

agricultural goods were found to significantly affect the production of legumes.   

These results imply that to enhance legume production among the smallholder farm 

households in Zambia, stakeholders should move their focus away from the input subsidy 

program to factors like improvement in land tenure and market information dissemination 

among other strategies.  

Key Words: legumes, input subsidies, Agricultural Household, Cragg’s double hurdle. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

In the 21st century, agriculture continues to be a fundamental instrument for sustainable 

development and poverty reduction especially in developing countries. Three in every four 

poor people in developing countries live in rural areas  with 2.1 billion living on less than 

US$2 a day and 880 million on less than US$1 a day (World Bank, 2008). Thus, agricultural 

development remains the key vehicle for delivering the millennium development goals 

(MDGs) of halving poverty and hunger by the year 2015 (Appendix 7). While agriculture 

alone is not enough to massively reduce poverty, it remains an essential component of 

effective development strategies for most developing countries (World Bank, 2008).  

The role of agriculture in economic development has been a subject of continuous debate. 

However, despite the debate, there is general agreement that agriculture has a pivotal role to 

play, especially in the early stages of development. Proponents of this idea point out that 

agriculture provides the much needed inputs for processing in industries in addition to 

providing labour and food to the labour force working in these industries (Lowe et al., 2002). 

Thus without agriculture there would clearly be a big void in the development of many 

nation. In addition, agriculture directly and indirectly provides the much needed employment 

through its strong horizontal and vertical linkages. 

Like other Sub-Saharan African countries, the Zambian government with the support of Non-

Governmental Organisations (NGOs) and donor agents has prioritised agricultural 

development in its fight against poverty and hunger. This is reflected at both domestic and 

international levels through commitment to protocols like the Millennium Development 

Goals (MDGs) spearheaded by the United Nations (UN) through the United Nations 
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Development Programme (UNDP), and at regional levels through the New Partnership for 

African Development (NEPAD) supported Comprehensive African Agricultural 

Development Program (CAADP). At national level, the government’s desire is reflected in 

the Sixth National Development Plan (SNDP) - 2011-2015 and the National Agricultural 

Policy (NAP). All these initiatives are aimed at reducing poverty with agriculture as the key 

sector.  

There are, however, a number of challenges that retard this agricultural-centred development 

strategy. Among the notable constraints are poor soils, unpredictable rainfall patterns 

(droughts and floods), inadequate labour, pests and diseases and poor rural infrastructure 

(Land Resource Division, 2012).  All these result in reduced agricultural productivity and 

production and ultimately increase in hunger and poverty. In an effort to overcome these 

constraints, the government and its development partners have initiated a range of 

interventions aimed at fostering agricultural production and productivity.   

In this regard maize, the main staple food crop in much of Sub-Saharan African countries, 

has particularly received a lot of attention. The International Maize and Wheat Improvement 

Centre (CIMMYT) (2012) states that apart from being a staple food crop for the region, 

maize forms a major source of income to well over 300 million smallholder farmers in 

southern and eastern Africa. One of the major initiatives taken by most countries in Sub-

Saharan Africa in their effort to enhance maize production among smallholder farmers is the 

distribution of inorganic fertilizers and improved maize seed at prices well below commercial 

ones (Longley et al., 2006; Mason et al., 2012). In line with this policy, the Zambian 

government and its cooperating partners like the Food and Agriculture Organisation (FAO)  

of the United Nations (UN) introduced programs to distribute subsidised inorganic fertilizer 

and improved seed to smallholder farmers. The government has since 2002 upscaled this 
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programme so as to capture more famers (Table 1).  

Table 1: Quantities of FSP/FISP inputs distributed (2002/03 to 2011/12) 

Season Quantity of Inputs (Mt)  Number of 

Beneficiaries 

Financial Contribution (%) 

Fertilizer Maize Seed Government Farmers 

2002/03 48000 2400 120000 50 50 

2003/04 60000 3000 150000 50 50 

2004/05 46000 2500 115000 50 50 

2005/06 50000 2600 125000 50 50 

2006/07 84000 4200 210000 60 40 

2007/08 50000 2250 175000 60 40 

2008/09 80000 4080 200000 75 25 
2009/10 100000 6867 500000 75 25 

2010/11 178000 8790 890000 75 25 

2011/12 180000 8985 900000 75 25 
Source: MACO 2012 

As shown in Table 1, the quantities of fertilizer and seed and numbers of beneficiary farmers 

have been increasing by an average of 275%, 274% and 650% per annum respectively 

between  the 2002/03 and 2011/12 agricultural seasons. Over the same period, farmer 

contribution towards the program has been declining from 50% (2002/03-2005/06) to 40% 

(2006/07-2007/08) to 25% (2008/09-2011/12). The difference in percentage changes in the 

number of beneficiaries is partly due to halving of the pack size from 8x50Kg bags of 

fertilizer (4 basal and 4 top) and 2x10Kg bags of improved maize seed (meant to enable 

farmers grow one hectare of maize) to 4x50Kg bags of fertilizer (2 basal and 2 top) and 

1x10Kg bag improved maize seed (enough for half a hectare) since the 2007/08 agricultural 

season. 

The data further shows respective increases of 122.6%, 98.3% and 369.3% in total area 

planted, total number of farmers, and total production of maize between the period 2000/01 

and 2010/11 seasons (Table 2). Burke, 2010 attrited the increase in production to favourable 

weather conditions that the country experienced during the same period.  
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Table 2: Trends in maize production (2000/01 to 2010/11) 

Season Area Planted     

(Ha) 

No. of Farmers Production        

(Mt) 

2000/01 589,159 760,983 593,847 
2001/02 523,114 765,323 362,566 

2002/03 699,276 1002,298 664,662 

2003/04 631,080 946,672 824,453 

2004/05 831,869 1,127,418 503,711 

2005/06 784,532 1,148,470 892,454 

2006/07 870,975 1,126,380 847,395 
2007/08 916,740 1,101,219 815,911 

2008/09 1,125,466 1,459,694 1,657,117 

2009/10 1,242,268 1,483,439 2,795,483 

2010/11 1,311,295 1,508,885 2,786,896 
Sources: MACO/CSO Crop Forecasting Surveys. 

According to the initial program design, each targeted household was to receive subsidised 

inputs for three consecutive seasons only and then be weaned off.  However, this has not been 

implemented mainly due to political interference. Thus the same households have continued 

to receive these inputs year after year. One of the major developments brought about by the 

input subsidy program is the increase in demand and use of both improved maize seed and 

inorganic fertilizer.  As indicated in Figure 1, there has been increases in expenditure on  

imports of urea and NPK (basal, D-compound) of over 192% and 11% during the period 

2000 and 2012.  

 
Figure 1: Zambia’s Expenditure on Fertilizer Imports for the Period 2002 to 2011 

Source: CSO/MACO 2011 
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D-compound imports are lower because some of it is locally manufactured by the Nitrogen 

Chemicals of Zambia (NCZ), a parastatal company located in Kafue District. 

Apart from being subsidised at production, maize is also subsidised at marketing. For 

example, in 2010, the Food Reserve agency (FRA) bought maize at pan-territorial prices of 

ZMK1, 300,000 per metric tonne which is 22% to 91% higher than the cost of production. 

This makes maize production appear artificially more profitable than other crops (Burke et 

al., 2011). The agency also sold maize to millers at a price that was 7.7% lower than the 

purchase price with the aim of making the final product (maize meal) cheaply available to the 

final consumer (FRA 2011). Existing literature however shows that these measures benefit 

relatively better-off households while negatively effecting relatively poor households who are 

the major target of these measures (Mason and Myers, 2011). 
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Figure 2: Production Trend of Selected Legumes (1999/00 to 2010/11) 
Source: CSO/MACO 

On the other hand, legumes like groundnuts, mixed beans, soya beans and cowpeas do not 

receive any form of subsidies from government. This is in spite of their nutritional and 

commercial importance to the smallholder farmer households. However, available data 

indicate that these crops have also enjoyed a rise in level of production over the period 
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1999/00 to 2010/11 (Figure 2). Soya beans recorded the highest rise of 335.86% while mixed 

beans had the lowest rise of 65.01%. The number of farmers growing groundnuts, soya beans 

and mixed beans also rose with groundnuts showing the highest rise of 30.28%. On the other 

hand, the number of farmers growing cowpeas dropped by 51.81% (Figure 3). 

 
Figure 3: Total number of farmers growing legumes (2000/01 to 2009/10 seasons) 

Source: MACO 

Despite the issues highlighted above, there is a growing concern that the government 

sponsored maize input subsidy programme could be suppressing the production of other 

equally important crops like legumes by the smallholder farmers who are also major producer 

of most of these crops (Mason et al., 2013). This concern is compounded by the fact that the 

production of both maize and legumes compete for productive resources like land and labour. 

Thus farmers are likely to shift resource use from legume production to maize because of the 

support that maize receives at production, marketing and consumption.  

1.2 Problem Statement 

Since the 2002/03 agricultural season, the Zambia Government has been distributing 

subsidised inputs to smallholder farm households consisting of hybrid maize seed and 

fertilizers (both basal and top dressing) to the exclusion of other equally important crops in 

national and household food security like legumes. Past researches have shown that although 
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input subsidies enhance total fertilizer and total maize seed use, they respectively crowd out 

commercial fertilizer (Ricker-Gilbert and Jayne, 2009; Xu et al., 2009) and commercial seed 

purchases (Mason and Ricker-Gilbert, 2013). This has led to the concern by most 

stakeholders that the current high input subsidy levels towards maize production could also 

lead to farmers abandoning or reducing the production of legumes in preference to maize.  

(Mason et al., 2013).  

This, if left unchecked, could lead to a maize mono-cropping system of agriculture which 

would accelerate the problem of soil degradation through the use of marginal lands that 

would otherwise not be used for crop production. The trend would also lead to increased 

levels of malnutrition among the smallholder farm households as meat, the other source of 

protein, is either not available or beyond the reach of most of them. This research aims at 

empirically highlighting the effect that the government sponsored input subsidy program is 

having on the production of legumes (here represented by groundnuts, mixed beans, soya 

beans and cowpeas) at smallholder farm households. 

1.3 Objectives  

1.3.1  General Objective 

The general objective of this study was to determine whether and by how much maize-

targeted input subsidies affect legume crop production among smallholder farm households 

in Zambia.  

1.3.2 Specific Objectives 

Specifically, the study sought to: 

1. Understand trends in legume crop production among smallholder farm households 

before and after the introduction of the input subsidy program.  
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2. Empirically determine the effect of input subsidies on the production of legumes 

among smallholder farm households in Zambia. 

1.4 Hypotheses of the Study 

The study sought to test the hypothesis that: 

1. There is no significant difference in legume production before and after the introduction 

of input subsidies by smallholder farm households in Zambia. 

2. The introduction of government input subsidies has not resulted in a reduction in area 

allocated to legume production by smallholder farm households.  

1.5 Justification of the Study 

Legumes have for a long time been important crops in the farming systems and diets of 

resource-poor smallholder farm households in Zambia. Legume sales have also been a major 

source of steady income for these households. In addition, legumes, when either intercropped 

or grown in rotation with cereal crops like maize improves crop yield through their ability to 

fix atmospheric nitrogen into plant nutrients. Thus legumes occupy a vital place in the food 

security of the smallholder farm households in Zambia. However, unlike maize, legume 

production has not received any direct government support.  

On the other hand, government has been directly subsidising maize production through the 

Fertilizer Support Program (FSP)/ Farmer Input Support Program (FISP) since the year 2002. 

This subsidy program avails smallholder farm household with cheap inputs thus making 

maize production relatively cheaper. The current high subsidy level (75% of the commercial 

cost of fertilizer) being directed to maize production raises concerns that these subsidies 

could lead to maize mono-cropping system of farming at the expense of other equally 
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important crops like legumes.  The concern is substantiated by the uncertainty on the future 

of maize subsidies as they appear to depend on the goodwill of the government in power.  

These concerns justify the urgent need to investigate and highlight the effect that the 

distribution of government subsidized inputs is having on the production of legumes among 

smallholder farm households.  

Guided by their roles in the farmers’ household food security, four legumes have been 

targeted for analysis in this research. Soyabeans and mixed beans have been selected because 

of their predominantly commercial role while groundnuts and cowpeas were selected for their 

nutritional roles in the household food security. This is because maize, the target crop for the 

input subsidy program, is produced both for household food security and commercial 

purposes.   

1.6 Operational Definition of Terms 

Household: “A household is defined as a group of persons who normally live and eat 

together. Such people may or may not be related by blood, but make common provision for 

food or other essentials for living and have only one person whom they all regard as the head 

of the household. A household may also consist of one member” (CSO, 2001). 

Agricultural Household: A household where at least one of the members is engaged in 

growing crops, livestock/poultry rearing or fish farming or a combination of these (CSO, 

2011)   

Smallholder farmers:  In this study, this category includes Small-scale and Medium-scale 

farmers cultivating 5 hectares or less and between 5 to 20 hectares of total arable land per 

annum respectively.  
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Fertilizer: This is defined as inorganic or chemical fertilizers (as opposed to organic 

fertilizer which is made of organic matter such as animal and plant manure). In this study, it 

will be restricted to basal (D-Compound) fertilizer and top dressing (urea) fertilizer. 

Legumes: any leguminous plant grown as a crop including its seed, pods and other edible 

parts. In this research we restrict this to groundnuts, mixed beans, soybeans and cowpeas. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Historical Background 

There has been a protracted debate on the potential contribution of agriculture to economic 

growth among development economists. Much emphasis has been on the inter-sectorial 

linkages between agricultural and industrial manufacturing sectors (Collin et al., 2002, 2007).  

Although the various studies carried out in this area have produced mixed and sometimes 

conflicting results, empirical evidence strongly indicate that for developing countries, 

agriculture is the engine of economic development (Awokuse, 2009). 

Johnston and Mellor (1961) observe that agriculture contributes to economic growth and 

development through five linkages:  

(i) supply of surplus labour to firms in the industrial sector;  

(ii) supply of food for domestic consumption;  

(iii) provision of market for industrial output;  

(iv) supply of domestic savings for industrial investment; and  

(v) supply of foreign exchange from agricultural export earnings to finance import of 

intermediate and capital goods.  

Timmer (1995) observes that in addition to these direct benefits, agriculture indirectly 

contributes to economic growth through its provision of better nutrition, food availability, 

food price stability, and poverty reduction. As a result, most developing countries have 

placed agriculture at the centre of their national economic development agenda.  
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However, for developing countries to position agriculture as the key sector in economic 

development there is need to identify and implement programs that will lay a strong 

foundation for the sector. Rukuni (2002) identifies five basic prime movers which should 

work in a concerted manner to achieve sustainable agricultural development. These include:  

1. Investments in research to facilitate production of new technologies or adaptation of 

foreign research findings to local conditions.  

2. Investments in schools, agricultural colleges, faculties of agriculture and on-the-job 

training and experience to produce a steady flow of human capital in the form of 

professional, managerial and technical skills. 

3. Ensuring sustained growth of biological (genetic and husbandry improvements of 

livestock herds, crops, forests, plantations) and physical capital investments (large and 

small dams, irrigation, grain stores and roads) to sustain agricultural development. 

4. Facilitation of improvements in the performance of marketing, credit, research and 

extension institutions and land reform.  

5. Putting in place a favourable political, economic and policy environment. 

Experience has, however, shown that no single prime mover can increase aggregate 

agricultural production and sustain it for a long period of time (Rukuni, 2002). In addition, 

most donors are reluctant to invest in the prime mover due to their long gestation period of 10 

to 25 years (Chakeredza et al., 2008). Thus the challenge to ensure the availability of these 

drivers lies in respective governments.  

Evidence show that climate change, declining investment in infrastructure and research and 

increase in water scarcity (Rosegrant and Cline, 2010; Brown and Halweil, 1998) are 

responsible for Africa’s expected reduction in grain yield, decrease in production and 

consequently an increase in hunger for between 55 and 70 million people by the year 2080 
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(Parry et al., 1999). This is in the face of an overall general rise in world food production 

Bruinsma (2003). Thus global food security will remain a challenge for the next 50 years or 

more in the face of increased world food production (Rosegrant and Cline, 2010).  

2.2 Input Subsidies in Africa 

This implies that securing global food security demands enhancement of African agricultural   

productivity. Many agricultural scientists argue that increased fertilizer use is the key to 

increasing productivity in African agriculture and that subsidies may be necessary to increase 

fertilizer use (Denning et al. 2009). The World Bank (2008) states that fertilizer subsidies can 

result in economic benefits such as environmental externalities associated with soil fertility 

like reducing soil erosion, deforestation and carbon emissions.  

The main benefit of inorganic fertilizer however emanate from its ability to replace soil 

nutrients lost due to erosion or leaching thereby ensuring better plant growth and soil cover 

and thus reduced erosion (Chibwana et al., 2010). Chibwana et al., (2010) further observes 

that proper fertilizer use also contributes to land use intensification resulting in reduced 

agricultural area expansion. This has the potential to reduce the pressures on surrounding 

forest lands and possibly reduce deforestation (Fisher and Shively, 2007). Mason and Ricker-

Gilbert (2013) observe that in line with these findings, the governments of Ghana, Kenya, 

Malawi, Mali, Senegal, Tanzania and Zambia are currently providing inorganic fertilizers and 

improved maize seed to smallholder farmers. They further point out that this program is at 

great cost of between 70% (Malawi) and 40% (Zambia) of total government budgetary 

allocation to the agricultural sector. In Malawi, Chibwana et al. (2010) found that fertilizer 

subsidies may have reduced land clearing but increased cutting of poles for drying sheds for 

tobacco. This highlights the importance of careful planning and targeting of subsidy 

programmes. 
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2.3 Input Subsidies in Zambia 

Input subsidies have for a long time been part of Zambia’s government household and 

national food security strategy. Prior to the Structural Adjustment Program (SAP) of the 

1990s that resulted in the privatisation of most parastatal companies, input subsidies were 

administered through the National Agricultural Marketing Board (NAMBOARD), a 

parastatal that was mandated to purchase grain (mostly maize) from small-scale farmers 

(Smale and Jayne, 2003) 

After SAP, the government introduced the Fertilizer Credit Program (FCP) to provide inputs 

to small scale farmers on credit (Mason et al., 2013). This program ran from the 1997/98 to 

2001/02 agricultural seasons and was managed by the Food Reserve Agency (FRA). MACO 

(2008) points out that program failure was mainly due to poor loan repayment by the farmers 

on one hand and inadequate loan tracking mechanisms on the other. In addition, unlike its 

successors (FSP and FISP), that had clear objectives of making affordable agricultural inputs 

available to small scale farmers with the view to improve household and national food 

security and income, FCP lacked clear objectives (Mason et al., 2013). 

The Fertilizer Credit Program was succeeded by the Fertilizer Support Program (FSP) in the 

2002/03 agricultural season. This was an up-scaled input subsidy program by the government 

aimed at improving national and household food security, income and access to agriculture 

inputs by small scale farmers (MACO, 2008).  Mason et al. (2013) point out that implicitly, 

the program was a poverty reduction tool as seen from the high financial allocation by 

government from the poverty reduction budgetary allocation.  The program was managed by 

the Ministry of Agriculture and Cooperatives. In 2008 the program was renamed Farmer 

Input Support Program (FISP). This involves the distribution of improved maize seed and 

inorganic fertilizer with the aim of enabling poor but viable small holder farmers, who 
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produce over 60% of the maize crop, to have access to cheaper inorganic fertilizers and 

improved maize seed. Thus since its inception, the program has focused on improving maize 

production which is the country’s staple food crop. 

Another notable input subsidy program is the Food Security Pack (FSP) which was 

introduced by FAO in November 2000 (Kalinda, 2006). As a Social Safety Net programme 

under the Ministry of Community Development and Social Services the programme was 

meant to empower the targeted vulnerable but viable households to be self-reliant through 

improved productivity and household food security and thereby contribute to poverty 

reduction. Initially, the programme was an emergency response to the 2001/02 drought to 

assist affected households to re-establish their food production-base through the provision of 

inputs and the adoption of conservation farming practices. The program was implemented 

through NGOs operating in the targeted areas with Programme Against Malnutrition (PAM) 

as the major executing agency (Mwape et al., 2003). FAO introduced another input subsidy 

program called “Improving Food Security in Vulnerable SADC Countries” Programme. 

Kalinda, (2006), point out that unlike FSP, this was a regional project concerned with 

enhancing household food security through promoting production of alternative crops like 

cassava among vulnerable households that otherwise rely on maize as the main source of 

food. The project was also designed to target HIV/AIDS infected or affected households. The 

main implementing partners were Africare, Wildlife Conservation Society and World Vision 

Zambia. However, by far the major inputs subsidy program has been the government 

supported FISP. 

All these programs aim at improving smallholder farm household agricultural production. 

Without the use of fertilizers and improved seed, small scale farmers on average produce 0.8 

to 1.5 metric Tonnes of maize per hectare (MACO, 2011). At such production levels, most 
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small scale farmers need food aid to survive the next food critical months of January to 

March. The non-usage of fertilizer also results in fluctuating maize production that leads to 

unstable food prices in urban areas and hunger and poverty in rural areas. The use of fertilizer 

is found to improve maize production to between 2 and 3 metric tons per hectare (MACO, 

2011). Exiting literature by CSO show than the country has enjoyed improved maize 

production for the past 5 years culminating into the bumper harvests of the 2010/2011 and 

2011/2012 seasons.  

The concern however is that with maize currently receiving subsidy levels of 75% of the 

commercial cost of fertilizers in Zambia, farmers might abandon or reduce the production of 

other equally important crops like legumes for which no subsidies are being provided. 

Lunduka (2011) states that in addition to causing soil acidification and eventually falling 

maize yields, this trend would result in non-sustainable mono-cropping of maize as farmers 

are likely to start shifting resources like land and labour from the production of legumes to 

maize. This trend is likely to be compounded by the fact that maize is also subsidised at 

marketing level through the government controlled Food Reserve Agency (FRA) and at 

consumption through consumer subsidies.  In some cases, maize production has been 

extended to areas that are not suitable for the crop because under the current input subsidy 

program arrangement, fertilizer and maize seed are distributed to all areas regardless of the 

prevailing agro-ecological conditions and soil type.   

Duflo et al. 2009 further points out that input subsidy programs have been associated with 

inefficient resource use, pollution, government budgetary deficits and distorted prices and 

terms of trade. Xu et al (2009) found that subsidised fertilizer in Zambia has a “crowding 

out” effect on commercial fertilizer resulting in an overall reduction in total fertilizer 

allocation. Mason and Ricker-Gilbert (2013) advance that this is partly because the program 
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mainly benefits wealthier households that could otherwise afford to purchase the inputs on 

the commercial market.  

In Zambian, the government has for the past 5 years been allocating about 40% of the 

agricultural budget to the input subsidy programme, which, together with FRA allocation, 

accounts for over 80% of government allocation to the poverty reduction program (table 3). 

This is at the expense of investment in rural agriculture infrastructure like roads and irrigation 

that have a more lasting impact on agricultural development (Omilola, 2009). 

Table 3: Zambian Government Allocation to the Poverty Reduction Program (2006 to 2010) 

Category  2006 2007 2008 2009 2010 

Irrigation support  0.7 2.4 2 1 0.1 

Commercialization of farm blocks  2.2 2.6 2.2 0 0 

Animal disease control  1.5 1.6 3.3 4.2 2.5 

Livestock development  0 0.9 0.6 0.6 0.4 

Fertilizer Support Programme  74 38.2 62.2 75.6 78 

Strategic Food Reserves  18.6 52.1 26.9 17.4 18.1 

Cooperative education and training  0.3 0.7 0.2 0 0 

Others   2.2 0.7 2.7 0 0.9 

Total  100 99.2 100.1 98.8 100 

Total ZMK billion    198.8 196 198.2 196.6 199.9 
Sources: FSRP 
Dorward (2010) observed that FISP has had problems of targeting. This implies failure by the 

program to get the right inputs to right beneficiaries and/or getting inputs that are appropriate 

for the different agro-ecological Regions and soil types. Mason and Myers (2011) also reports 

that the programme reaches only about 14% of the targeted beneficiaries.  

 
Figure 4: Trends in maize productivity (Mt/Ha) over the period 200/01 to 2007/08 
Source: SCO/MACO 
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Although overall maize production has been on the increase, there is little improvement in 

productivity, i.e. yield per unit area (Figure 4). This is partly attributed to inadequate 

provision of extension services by the extension staff despite the country having adequately 

qualified extension staff to meet its extension needs (FAO/World Bank, 2010). The problem 

is that the majority of extension officers spend most of their time managing FISP leaving 

little time for actual extension work. 

2.4 The Place of Legumes in Africa  

Food legumes are the most important source of protein for poor households in Sub-Saharan 

Africa (Jones, 1999). They contribute towards regional and national developmental goals 

through poverty reduction, improving human nutrition and health and enhancing ecosystem 

resilience (Akibode and Maredia, 2011). Singh et al. (2003) reports that Production of food 

legumes is generally on the increase in the region. The major food legumes grown include 

soybeans, common beans, groundnuts and cowpeas (N2Africa, 2006).. Apart from being a 

major part of the smallholder farming systems, legumes form a valuable component of the 

cereal based diet in a region where animal protein is either scarce or beyond the reach of most 

households providing about 60% of dietary protein requirement  for most of the poor 

households in Sub-Saharan Africa (N2Africa, 2006). This is because of their high protein 

content of between 20 and 30% (Singh et al, 2003). However, the production of legumes has 

a lot of challenges that include lack of land, lack of labour, drought and pests and diseases.  

(Sibiko, 2011; CIAT, 1989).  

Legumes also have other benefits to the farmers household. Because of their ability to fix 

atmospheric nitrogen, legumes benefit the farmers by reducing the amount of nitrogen 

fertilizer required for plant growth (Jones, 2006). When grown in rotation, cereal yields have 

been known to increase by between 10 and 20% than continuous grain with fertilizer  (Power, 
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1987). In addition, legumes grown either in rotation or intercropped with cereals help to 

reduce weeds,  pests and diseases and improve soil structure and soil water retention potential 

(Jones, 2006). N2Africa (2006) also point out that soya beans and groundnuts are a major 

source of edible oil and other industrial by-product. Among these legumes, mixed bean is by 

far the most important food legume in the world. This is because of its high level of variation 

in growth habit, seed characteristics, maturity and adaptation (Amede, 2003). Although 

cowpea is extensively grown in Sub-Sahara Africa, it is mostly grown as a subsistence crop 

and usually intercropped with sorghum, millet or maize (FAO, 2004). 

2.5 The Place of Legumes in Zambia 

In Zambia, legumes have for a long time been a major part of smallholder agriculture system 

and represent a vital component of the country’s diet. Major legumes grown include 

groundnuts, cowpeas, mixed beans, bambara nuts (ground beans) and soybeans with 

groundnuts being the second most commonly grown crop after maize. CSO (2000) reports 

that the major legume producing areas in Zambia include Eastern, Northern and Southern 

Provinces (groundnuts), Northern and Central Provinces (common beans), Central, Lusaka, 

Copperbelt and Southern Provinces (Soybeans) with cowpeas and bambara nuts being grown 

throughout the country (Appendix 1).  

Legumes are highly valued among smallholder farmers because for most of them, all the 

plant parts can be utilized in one way or another. Leaves and pods of common beans and 

cowpeas are consumed as green vegetables while dried leaves of cowpeas are also consumed 

as vegetables. Grain of beans, cowpeas and bambara nuts are mostly consumed as relish (to 

complement the main cereal based diet). Groundnuts are also ground, roasted or processed 

and utilized as a snack. Soybeans and groundnuts are also processed into vegetable cooking 

oil.   Soybeans is also processed into various forms and used as a major ingredient in either 
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human or animal feed. Fresh or dried vegetative parts of legumes are also used as animal 

feed.  

 

Figure 5: Legume yield per unit area (Kg/Ha) 
Source: CSO/MACO Crop forecast surveys (various years) 

Like in maize, although total legume production has been on the increase (Figure 5), yield per 

unit area has remained relatively stagnant. As shown in Figure 5, only soya beans and mixed 

beans show increases in yield per area while groundnuts and cowpeas show declines. Soya 

beans yield per unit area recorded the highest increase of 24.6% with mixed beans recording 

a 13.4% increase. On the other hand, cowpea yield per unit area reduced by 15.5% while 

groundnuts yields reduced by 10.7% over the period 2000/01 to 2009/10.    
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CHAPTER THREE 

METHODOLOGY 

3.1 Conceptual Framework 

Both the conceptual and empirical frameworks in this paper closely follow those used by 

Takeshima and Saweda, (2013) and Ricker-Gilbert et al. (2011). This is because, like this 

thesis, both papers focus on the effect of subsidised inputs on other agricultural policies.  

In a perfect market environment, the forces of demand and supply exogenously determine 

market prices for agricultural inputs and outputs and form a basis for household consumption 

and production decisions (Takeshima and Saweda, 2013). In addition, household 

consumption and production decisions are also influenced by demographic and household-

specific characteristics and constrained by household resource endowment including income 

(Sadoulet and de Janvry, 1995).  

In an African rural setup, the assumption of separability is not likely to hold since markets are 

very thin thus limiting farmer access to input and output market (Takeshima and Saweda, 

2013). This implies that farmers’ choice can be modelled as a constrained utility 

maximisation problem (Singh et al., (1996) as: 

(1)                         ),(c

s
hgUMax  

subject to capital (human, natural, physical and financial), prices and equilibrium conditions 

for tradables (Langyintuo 2008, Takeshima and Saweda, 2013. ). Here, c represents 

consumables while hs
 is a vector of household characteristics. Thus as Sadoulet and de Janvry 

(1995) observe, the reduced form to this constrained utility maximisation problem does not 

only depend on prices but also on household characteristics. The demand for input i can be 
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expressed as (Takeshima and Saweda, 2013); 

(2)                    ),( * hg

ii pqq SSSS=  

where qi<0 since we are dealing with fertilizer which is an input. S
hq represents household 

characteristics associated with household demand. Here, it is expected that the price of 

fertilizer will fall due to the presence of input subsidies resulting in increased demand. 

Consequently, it is expected that the supply of maize, which is the target crop for the 

subsidies, will increase leading to a fall in the price of maize grain and its products. Farmers’ 

productive capacity is constrained by resource endowment including land holding and 

productive assets which they have to rationally allocate to maximise returns. Thus in the face 

of maize subsidies, it is expected that farmers will shift these resources from production of 

legumes to maize production resulting in a net reduction in legume production. This is 

because the production of legumes competes with maize production for productive resources.  

However, conditions may arise that would hinder the above outcome to materialize.  First, if 

market prices for legumes like soya beans, groundnuts and mixed beans that are mostly 

produced for sale rise to levels where they more than compensate for subsidies received by 

maize, farmers may instead increase the production of these legumes to maximise returns. 

Second, if recipients of input subsidies direct some of the fertilizer (D-compound) towards 

legume production, both legume and maize production would increase. Both these scenarios 

would result in a distortion of our expected results. 

It is important, therefore, to control for possible fertilizer endogeneity and differences in 

fertilizer response. The control function approach was used to control for possible fertilizer 

endogeneity while provincial dummy variables were employed to control for differences in 

fertilizer responses as a result of locational differences.  
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Amede (2003) points out that farmer’s decisions to incorporate a legume in their farming 

system is influenced by food habits, land productivity, farm size, land tenure, access to input 

and output markets and livestock ownership. Mustapha et al. (2012) further identifies 

education level of head, experience in farming, access to credit, and contact with extension 

officer, access to information and distance to market as major factors that affect the 

production of legumes. Consequently, the legume production function can be presented as: 

),,,,,,( PSIDGCFfLG =                    (3) 

where LG represents area of the field under a legume by a household (in hectares) which is 

affected by the amount of subsidized inputs a household receives (F), the price of commercial 

inputs (C) and the market prices of agricultural goods (G). Production of legumes is further 

likely to be affected by exogenous factors like household location and distance to input and 

product markets which are represented by D. Household socio-demographic factors are also 

likely to affect the farmers decision to produce legumes and how much legumes to produce 

and are represented by S while household asset endowment is represented by I. Other factors 

directly or indirectly likely to effect the farmers’ decision to produce legumes are represented 

by P (Marenya, et al., 2006).   

3.2 Empirical Model 

Estimating the effect of subsidised inputs on production of legumes among smallholder farm 

households in Zambia requires that the conceptual model in (3) be operationalized using the 

following regression model: 
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                           (4) 

where itLG is area of legume grown (in hectares) by farmer i at period t and 0β  is a constant. 
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Fit represents our key variable of interest, quantity of subsidised fertilizer received by farmer i 

in period t while Xit represents the other explanatory variables assumed to affect production 

of legumes by farmers with β1 and β2 representing respective parameters. X includes social-

demographic factors like household labour size (represented by adult equivalent), education 

level of household head, and gender of household head and age of household head. Other 

factors included in X are farm household endowment like landholding, livestock ownership 

and value of productive assets owned. X also include price of fertilizer at planting time,  

naïve prices of maize and the four selected legumes (groundnuts, mixed beans soya beans and 

cowpea), farmers access to market and production  information, contact with government 

extension office, distance to nearest town, practicing of conservation farming and years that a 

household head has lived in the area. Provincial and year dummy variables are also included 

in X. In this model, the error term εit has two parts; the unobserved time-constant variables 

represented by ci and the unobserved time-varying variables, µi. Included in ci are variables 

like soil fertility while µi includes variables like political environment. These are all assumed 

to affect production of legumes by smallholder farm households.   

3.2.1 Controlling for Unobserved Heterogeneity and Endogeneity 

Like in many Sub-Saharan African countries, the majority of smallholder farm households in 

Zambia have no area under legume production. This means that our dependent variable, area 

of land under legume production will take on properties of nonlinear corner solution 

variables. Generally, independence of covariates from unobserved heterogeneity, ci, is a 

prerequisite to obtaining consistent estimates in nonlinear panel models like Tobit and double 

hurdle (Ricker-Gilbert, 2011). This assumption can be relaxed by employing the correlated 

random effect (CRE) or the Mundlak-Chamberlain device (Wooldridge, 2010). CRE requires 

the following assumptions about ci; 
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The time-average of time varying variable ix will then be added to the regression model 

(Wooldridge, 2010). Apart from controlling for time-constant unobserved heterogeneity, 

CRE also allows measurement of effects of time-constant independent variables in the 

regression (Ricker-Gilbert, 2011). 

One of the problems with the input subsidy program is the fact that access to subsidized 

fertilizer is not random and is likely to be influenced by the poverty targeting objectives of 

the program (Ricker-Gilbert et al. 2011). This introduces the problem of self-selection bias or 

endogeneity. In fact, those who decide to participate in the program are subjected to a 

selection process by Camp Agricultural Committees (CACs) and then Cooperatives using 

unobservable household characteristics (MACO, 2011). The Cooperatives are themselves 

also subjected to a selection process by District Agricultural Committees (DACs). There will 

thus be need to control for this situation.  An Appropriate instrument to help control for this 

problem is the Control Function (CF). This will mean taking the residuals from the reduced 

form model of subsidised fertilizer allocation and including them in our structural model of 

legume production as covariates and using an appropriate instrumental variables (IVs) like 

the quantity of maize (metric tonnes) purchased by FRA in the district (Ricker-Gilbert, 2011). 

This IV is appropriate for our estimation as it is likely to influence how much subsidised 

fertilizer a farmer receives but not directly correlated with other time-varying factors in the 

error term in our model for production of legumes by smallholder farm household. We will 

thus assume that this IV is exogenous and uncorrelated with other covariates in our model 

(Ricker-Gilbert, 2011) 
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3.2.2 Attrition Bias 

Use of non-rotational panel like our data introduces two kinds of attrition bias (Wooldridge, 

2002). The first attrition occurs when some households that were interviewed in the first or 

second wave drop out in subsequent survey. In rotational panel, such households are replaced 

by new ones. In our data, of the 6,922 smallholder farm households interviewed in the first 

wave (1999/2000), 5358 were re-interviewed in the second wave (2003/04) while 4286 were 

successfully re-interviewed in the third wave (2007/08). Thus we use a balanced panel of 

4286 households in our analysis by eliminating those households that did not participate in all 

the three waves. The second form of attrition occurred when  some respondents who grew 

one of our legumes of interest (groundnuts, mixed beans, soya beans and cowpea) in the first 

or second waves stopped growing the crop in subsequent seasons. This is called incidental 

truncation problem and was controlled for using the correlated random effect (CRE) or the 

Mundlak-Chamberlain device (Wooldridge, 2010) as specified in equation (5) above. 

3.2.3 Model Selection    

In situations where the dependent variable is a continuous positive random variable but with 

many zeros, ordinary least square methods of analysis are inconsistent (Yimer, 2011; Green, 

2007). This is because not many farmers allocate land for production of legumes leading to 

results pilling-up at zero. Censured regression models like Tobit and hurdle models are 

specially designed to deal with such situations (Wooldridge, 2002).  

3.2.4  The Tobit Model. 

Generally, the standard Tobit model is specified as: 
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here, *

ih  represents individual’s desired level of legume production with ih representing its 

corresponding actual level of production. Individual characteristics that explain both 

participation and level of participation are represented by '

ix  with β representing 

corresponding vector of parameters to be estimated. Equation (7) implies that the observed 

levels of production are positively continuous if only positive areas of legume production are 

desired and zero otherwise. Since there is no negative size of area, the censoring could be 

placed at zero without loss of generality (Wodjao, 2007). Thus the observed zeros on 

ih imply either an individual’s deliberate choice (true zero) or those caused by data collection 

methods (censured zero) (Yen and Jensen, 1995. Wodjao, 2007).  

One of the major limitations of the Tobit model is its assumption that the same set of 

parameters and variables determine both the probability and level of production (Wodjao, 

2007, Yen and Jensen, 1995). This is in addition to the model producing biased and 

inconsistent parameter estimates in the face of heteroskedasticity or non-normally distributed 

errors in limited dependent variable models (Yen, 1995). 

3.2.5 Double Hurdle Model  

Due to the inadequacy of the Tobit model, Cragg suggested the double hurdle model (Cragg, 

1971; Zhang et. al., 2006).  In this model, a farmer is expected to overcome two hurdles in 

order to successfully produce a legume (Wodjao, 2007; McDowell, 2003). That is the double 

hurdle model allows for separation of the decision processes to successfully produce legumes 

into two stages (Wooldridge, 2002). In this research, the farmer will first be assumed to have 

to make a decision to participate in the production of a legume. This decision would most 

likely be made well before planting time. This is followed by the second decision as to how 

much of the legume to produce. This will probably be made at planting time depending on 

resource availability. The double hurdle model assumes that these two decisions are 
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independent, observable and unique (Ricker-Gilbert et al., 2011; Jones, 1992). The standard 

Tobit Model is thus modified to accommodate this development. For our purpose, the model 

would be defined as (Wodjao, 2007; Aristei and Pieroni, 2007; Newman et al., 2003): 
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Unlike in the Tobit model, ih in equation (8) is zero either when there is censoring at 

zero )0( * ≤ih or if there is faulty reporting or as a result of random circumstances.   However, 

this assumption is also subject to failure. For example, let us assume that a farmer is 

randomly selected to participate in a drive to promote legume production. This means that the 

farmers decision to produce the legume and how much to produce will both be functions of 

his participation in the promotion program.   

The likelihood function for the double-hurdle model has been defined by Williams (2009) as: 
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Equation (9) above includes likelihood functions for both probit and truncated regressions, 

with truncation at zero. A close examination of (9) reveals that Cragg’s likelihood function 

reduces to Tobit’s likelihood function when x1i=x2i and α=β/σ implying that the Tobit model is 

nested within Cragg’s model (Yimer, 2011).  

The double-hurdle model has previously been used to investigate a wide range of research 

areas since its introduction. Newman et al. (2003) used the double-hurdle model to study 

household expenditure on prepared meals for home consumption in Ireland. Yen and Huang 

(1996) used the double hurdle model to estimate household demand for finfish in USA while 

Gao et al. (1995) used the model to simultaneously solve the consumers’ decision on whether 

to purchase rice and how much rice to purchase. Recently, the double hurdle model has been 
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used by Xu, et al. (2009) to measure the “crowding in” and “crowding out” effects of 

government subsidies on commercial fertilizer sales and by Ricker-Gilbert et al. (2011) to 

investigate the effect of subsidised fertilizer on demand for commercial fertilizer in Malawi. 

Goeb (2011) used the double hurdle to investigate the impact of government maize support 

on smallholder cotton production in Zambia while Mason and Ricker-Gilbert (2013) instead 

preferred the Tobit model to investigate the effect of input subsidies on demand for 

commercial seed in Malawi and Zambia. the  

3.3 Data and Methods  

This study uses secondary data from the 2001, 2004 and 2008 national-wide supplemental 

surveys to the 1999/2000 Post Harvest Survey of agricultural households. The surveys were 

conducted by the Central Statistics Office (CSO) and the Ministry of Agricultural and 

Livestock (MAL) with technical and financial support from Michigan State University 

through the Food Security Research Project (FSRP) and covered the 1999/2000, 2002/2003 

and 2006/2007 agricultural seasons. The data were collected using a questionnaire that was 

administered to each pre-selected household. A total of 6,922, 5419 and 8094 households 

were successfully interviewed in the 2001, 2004 and 2008 surveys respectively. However, 

this research uses a balanced panel of 4,286 agricultural households that includes only those 

households that were successfully interviewed in all the three waves. These surveys collected 

information on all aspects of agriculture households including household characteristics, 

cropping patterns and systems, livestock keeping, inputs usage, labour availability, yields 

levels and marketing which were used as independent variables in the analysis.  

These national-wide surveys were carried out in 70 districts and 162 Census Supervisory 

Areas (CSAs) and 407 Standard Enumeration Areas (SEAs). The primary sampling unit of 

the surveys was the Standard Enumeration Area. The results of the 2000 Census and 
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Population and Housing were used to derive the sampling frame for SEAs. Some SEAs were 

dropped due to the problem of accessibility. A two-stage sampling procedure was employed 

taking into account the geographical distribution of the SEAs. The first stage involved the use 

of Probability Proportional to Size (PPS) to draw the 407 rural SEAs from a total of 12,789 

SEAs in the sampling frame. In the second stage, all agricultural households in the selected 

SEAs were listed and categorised into three strata based on the area under crop production, 

quantities of each crop and livestock and sources of income. Systematic random sampling 

was then used to select 20 agricultural households from each SEA. In the 2001 and 2004 

survey, non-revisited households were not replaced. However, in the 2008 survey, such 

households were replaced to ensure that exactly 20 households were interviewed in each 

SEA.  Household specific data including name of household head and household location 

were used to ensure easy identification of the exact household during the subsequent surveys 

(CSO, 2001, 2004, 2008).  

The use of the three wave panel data enabled the research to take advantage of the many 

benefits that panel data present. Among the major benefits is the fact that panel data tends to 

be more informative, has more variability, has less colinearity and more degrees of freedom 

(which makes the estimates more efficient), allows for in-depth study of individual dynamics 

such as separating age and cohort effect, reveals information on the time ordering of events 

and allows for the control of individual unobserved heterogeneity which is a major problem 

in non-experimental approaches like this research (Brüdel, 2005). In addition, the use of 

panel data allowed us to control for observable and unobservable household characteristics by 

using household random and CRE models and CF approach to control for possible 

endogeneity of our key independent variable.  
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3.4 Data Processing and Analysis 

Descriptive statistics were used to characterize the socio-economic attributes of selected 

farmers. The first objective was mainly met by using the 2001 data as base year and 

comparing it with the 2004 and 2008 survey data. This was supplemented by information 

obtained through desk study of relevant reports from Government departments, Indaba 

Agricultural Policy Research Institute (IAPRI) and other stakeholders in the agricultural 

sector. Hypothesis testing was done using the Mann-Whitney test, a non-parametric 

alternative to the independent t-test, at 95% confidence level. This required the generation of 

a dummy variable for our key dependent variable, amount of subsidised fertilizer received 

(=1 if received and =0 if not received). This test is suitable because it does not require data to 

be normally distributed (which is true of our data) and assumes independence of observation. 

A normality test of the dependent variables using the Skewness and kurtosis normality test 

gave p-vales<0.01 meaning that these variables are not normally distributed (appendix 3). 

This was further confirmed by histograms for the variables (appendix 4). For the second 

objective the double hurdle model as specified by Cragg (1971) was employed. This was 

after controlling for unobserved heterogeneity using the CRE approach. To test and control 

for endogeneity, the key dependent variable was first used as a dependent variable and 

regressed on the rest of the explanatory variables of our model in equation 2. Included among 

the explanatory variables was the IV district FRA maize purchases (Wooldridge, 2010). A 

CRE Tobit reduced form was employed for this purpose. The computed generalised residues 

from the above reduced form were then included in the main regression equation. The IV 

gave a significant p-value< 0.01 in the reduced form (Table 4) implying that we reject the 

null hypothesis that government subsidised fertilizer is exogenous. Thus our IV was also 

included as a regressor in our main regression of the effect of subsidised inputs on the 

production of legumes.  
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Table 4: Tobit rerduced form for quantity of subsidised inputs received 
 Dependent Variable 
                        Kg of subsidised 

inputs  received 
 

P-Value 

Independent Variables   
Adult equivalent 39.47*** 0.000 
Education level of head  37.46*** 0.000 
Female headed household 32.80 0.362 
Age of head 1.931* 0.079 
Household land holding  15.54** 0.021 
Fertilizer price at planting 0.0116 0.582 
Maize price in last marketing season -0.599 0.156 
Mixed beans price  in last marketing season -0.276 0.108 
Groundnut price  in last marketing season 0.0829 0.627 
Soya bean price  in last marketing season 0.102 0.562 
Cowpea price  in last marketing season -0.710*** 0.000 
Access to market information 59.99 0.101 
Value product asset owned by household 7.68e-06*** 0.000 
Livestock ownership 88.41* 0.053 
Practice of conservation farming 79.58** 0.028 
Receive advice on improved crop prod techn. 366.8*** 0.000 
Contact with government extension  officer 131.1*** 0.003 
Distance to nearest town -0.483 0.455 
Years household head has lived in the village -0.0338 0.821 
year 1 = 2001 -1,240*** 0.000 
year 4 = 2004 -513.6*** 0.001 
FRA maize purchase  in the district 0.00339*** 0.000 
Central Province -433.1*** 0.000 
Copperbelt Province -192.6 0.117 
Eastern Province -329.8*** 0.003 
Luapula Province -799.4*** 0.000 
Northern Province -368.4*** 0.000 
North-western Province -247.2** 0.029 
Southern Province -73.07 0.494 
Western Province -767.0*** 0.000 
Constant -385.7 0.463 

Number of observations 

Joint Significance of all repressors (F) 

R-squared 

12858 
5.75*** 
0.0523 

 
0.000 

Source: CSO/MACO 2001, 2004, 2008. 

Note: *** = p-value<0.01, ** = p-value<0.05, * = p-value<servations 
Number of observations were 4,286 per wave by 3 waves (2001, 2004, 2008) = 12,858 

3.4.1 Generating Average Partial Effects. 

Unconditional APEs (average of all partial effects for every observation in the dataset) for 

dependent variables were generated from the double hurdle model. This involved deriving the 

partial effect for all the independent variables for every observation i at time t. This required 
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that other elements of explanatory variables be held constant at the level of analysis (Ricker-

Gilbert et al., 2011, Wooldridge 2002). The resultant APEs from our main regression were 

then bootstrapped 500 times to obtain robust standard errors which were used in the 

interpretation (Wooldridge 2010) of results. Excel, Statistical Packages for Social Sciences 

(SPSS) and Statistical Analysis (STATA) computer programmes were employed to analyse 

and process the data. Excel was mainly used in generating graphs and basic calculations and 

conversions while SPSS was used to generate summary statistics and cross tabulations used 

in descriptive statistics. STATA was used to carry out all the regressions reported in this 

report.  
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Social-Economic Characteristics 

Of the 4,286 households in the data, 78.2% were male headed with only 21.8% being female 

headed. The majority of the household heads were married (77.7%) either monogamous 

(67.1%) or polygamous (10.6%) with 13.4% being widowed (table 5).  The average family 

size was 6 while age of household head averaged 49.6 (ranging from 13 to 104) years. On 

average, the household head had 5 years of schooling with the most educated household 

member having 7 years. Household labour size averaged 2.7 with each household having 3 

adults aged between 15 and 59 years (Table 4). About 75% of the household heads had lived 

in the village for less than 26 years with 75% of them living less than 39Km from the nearest 

town centre.  

As expected, the majority of the households were involved in crop production as the major 

economic activity (table 5).  Major crops grown were maize (81%), groundnuts (39.8%) and 

mixed beans (12.6%). Soya beans and cowpeas were only grown by 2.8% and 2.4% 

respectively. In terms of land allocation to the various crops, the data show that of the 

average 2.51 hectares owned, each household cultivated about 74.6%. Of the cultivated land, 

maize was on average allocated the highest area of 52.1% followed by groundnuts at 8.9%. 

Mixed beans was allocated an average of 2.7% with soya beans and cowpeas being allocated 

0.6% and 0.3% respectively. Thus put together, legumes under consideration in this report 

were allocated about 48.4% of total land owned representing 65% of cropped land.  

The second major economic activity carried out by the sampled households was livestock 

raering. The major livestock kept were chickens (66.5% of the households), goats (24.8%), 

cattle (22.5%) and pigs (15.5%). Only about 15% of the households (67% of cattle owners)  
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Table 5: Social -economic characteristics 

Social-Economic Characteristics Mean St. dev Maximum Score % 

Household head      

Gender      

          Male - - -  78.18 

          Female -             - -  21.82 

Age  49.6 15.08 104   

Years of schooling  5.17 3.75 19   

Marital status      

          Married - - -  77.69 

          Widowed - - -  13.40 

          Divorced - - -  5.36 

          Single - - -  2.47 

          Separated - - -  1.04 

          cohabiting - - -  0.04 

Years stayed in the village (years)  20.28 12.60 96   

Percentile:       25%    11.0  

50%    21.0  

75%    25.0  

99%    59.0  

Household      

Age 15 -59 years 3.1 1.95 22   

Family size 6.2 2.26 44   

Land use      

Family labour size (Adult equivalent) 5.14 2.70 34.00   

          Total land owned 2.51 3.77 234.05  100 

          Fallow land 0.77 4.03 230.00  25.53 

          Cropped land 1.87 2.15 55.38  74.60 

          Maize 0.97 1.62 51.00  81.02 

          Groundnuts 0.15 0.32 7.00  39.79 

          Mixed beans 0.052 0.23 7.00  12.64 

          Soya beans 0.013 0.14 10.00  2.79 

          Cowpeas 0.008 0.07 2.00  2.42 

*Livestock ownership     80.14 

          Chicken 13.12 59.44 3250  66.45 

          Goats 6.77 8.29 136  24.81 

          Cattle 11.05 22.04 471.5  22.53 

                  Trained oxen 3.36 3.23 43.5  15.00 

          Pigs 4.27 5.82 95  15.36 

          Donkeys 4.43 4.89 23.5  0.31 

Practicing conservation farming     64.25 

Distance to town (Km) 25.97 22.84 103   

  Percentile:     25%    8.0  

50%    21.7  

75%    38.5  

99%    92.3  
Source: CSO/MACO 2001, 2004, 2008. 
*Livestock data for 2001 was not captured. 
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had draught animals with a mere 0.3% owning donkeys (Table 4). 

Of the legumes under consideration, groundnuts were allocated the highest portion of land in 

seven of the 9 provinces (Central, Copperbelt, Eastern, Luapula, Lusaka, Southern and 

Western) with Eastern allocating by far the highest. Mixed beans were allocated second 

highest land overall and was most prominent in Northern and North-Western Provinces. Soya 

beans was allocated more land in Eastern and Central provinces while cowpeas were least 

and mostly grown in Southern and Central provinces (appendix 2).  

The data show a relative decline in both the household landholding size and allocation to the 

selected crops over the three wave survey period (Appendix 3). Total household land holding 

declined by 15.3% between 2001 and 2008 with cropped land declining by 9.8% over the 

same period. This trend was also observed in fallow land which declined by 28.5%. Kabwe 

(2010) attributes this trend to Africa’s increasing population and predicts the complete 

disappearance of fallows in the next few years. The data further shows that only 4.4% of the 

interviewed households actually had fallow fields.  

 
Figure 6: Modes of land acquisition by smallholder farmers 

As shown in Figure 6, the most common form of land acquisition among the smallholder 
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farm household in Zambia is from parent’s (inheritance or allocated). In practice, this is done 

by the farmer dividing his land among his children. This also explains the decline in 

household land holding, cultivated and fallow land.  

The data show that only 11.1% of the sampled smallholder farm households received 

subsidised inputs during the periods 2004 and 2008 (table 5). There is however a gradual 

increase in the number of FISP beneficiaries from 391 in 2004 to 560 in 2008 which 

represents an increase of 43.2%. The amount of fertilizer received by each beneficiary 

household also increased by 19.4% over the same period. However, although the amount of 

fertilizer used by each non-beneficiary household increased by 25.5%, the number of non-

beneficiaries using fertilizer declined by 18%. Overall, there were increases of 35% and 

16.4% in the number of smallholder farmers using fertilizer and the quantity of fertilizer used 

by each household respectively. These findings are consistent with Richer-Gilbert et al. 

(2012) who found that although input subsidies result in an overall increase in fertilizer use 

by smallholder farmers, it tends to crowd-out commercial fertilizer acquisition.  

Table 6: Number of   Beneficiaries and Amount of Subsidised Fertilizer Received. 

Beneficiary 

Category 

Period 
    

2001 2004 2008 
Averages 

  

Amount 

used 

(Kg) 

Number 

of users 

Amount 

used 

(Kg) 

Number 

of users 

Amount 

used 

(Kg) 

Number 

of users 

Amount 

used (Kg 

Number of 

users %Users 

FISP 0 0 329.45 391 393.27 560 361.36 475.5 11.09 

NON-

FISP 366.54 1056 304.19 1003 460.15 866 376.96 975 22.75 

TOTAL   1056   1394   1426   1450.5   

Source: CSO/MACO  

Of the crops under review, soya beans were the most sold with 92.76% of the growers 

participating on the market (Table 4). This was followed by groundnuts (65.15%), mixed 

beans (63.79%), maize (54.04%) and lastly cowpeas with 27.01%. The high levels of market 

participation by famers that produced soya beans, mixed beans and groundnuts indicates that 

these crops are mostly produced for commercial purposes while maize and cowpeas with 
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relatively lower levels of market participation indicates that they are mostly produced for 

household food security.  

4.2 Levels of legume production before and after the introduction of maize subsidies. 

The data show that land allocated for production of the selected legumes among smallholder 

farm households has generally declined (figure 7). Cowpea shows the highest reduction of 

24.39% followed by groundnuts at 23.40% over the period under review. Land allocated to 

soya beans production declined by 15% with that allocated to production of mixed beans 

declining by 8.51%. This decline is further extended to maize production which declined by 

8.15%.  

 

 

 

 

S 

This is despite the general increase in the production of these crops at national level (figure 2) 

which Burke et al. (2010) attributes to favourable weather conditions, increased fertilizer 

usage (both subsidised and commercial), area expansion and increased use of hybrid seed. 

The contribution of area expansion to the rise in crop yield may be as a result of an increased 

number of new entrants into the smallholder farm household category rather than area 

expansion by the existing households. This is in line with CSO (2003, 2011) findings that 

over the period 2000 to 2010, the number of agricultural households in Zambia increased by 

 

2001 2004 2008

maize 1.35 1.01 1.24

groundnuts 0.47 0.36 0.36

mixed beans 0.47 0.37 0.43

soyabeans 0.6 0.42 0.51

cowpeas 0.41 0.3 0.31

Fallow 0.77 0.61 0.54
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Figure 7: Trends in household legume production 
Source: CSO/MACO 
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25%. In addition, Mason et al (2013) found that the increase in crop production was 

happening at the expense of fallow land. Our data show that total fallow land fell by 28.6% 

between the years 2001 to 2008. 

The decline in area allocated to groundnuts production was more pronounced in Southern and 

Lusaka provinces (Appendix 9). On the other hand, North-western Province shows a steady 

rise in the land allocated to groundnuts production over the periods under consideration. Like 

in groundnuts production, southern and Lusaka provinces show highest declines in land 

allocation to soya beans production over the period under consideration. However, Luapula, 

Central and Copperbelt provinces show increases in land allocated to soya beans production 

with central province showing the highest increase while Eastern Province show the least 

fluctuations. Of the nine provinces, only Luapula show a general rise in area of mixed beans 

produced over the period under consideration. The remaining eight provinces show a general 

decline with Western and Southern provinces showing highest declines. Lusaka and Central 

Provinces experienced the highest drop in area allocated to cowpea production whereas 

Western Province enjoyed the highest increase in land allocated to the crop. Generally, 

provinces show a downward-drop in land allocation to the production of the selected legumes 

during the year 2004. Lekprichakul (2008) attributes this to 2001/02 drought which affected 

the whole Southern Africa.  

Table 7: Mann-Whitney test for difference in legume production before and after 

introduction of input subsidies 
 Maize Groundnuts Soya beans Mixed beans Cowpeas 

Mann-Whitney U 1.803e7 1.540E7 1.790E7 1.729E7 1.799E7 

Wilcoxon W 2.721E7 2.458E7 2.708E7 2.648E7 2.717E7 

Z -1.741 -16.969 -8.346 -9.438 -7.253 

Asymp. Sig. (2-tailed) .082 0.000 0.000 0.000 0.000 

Source: CSO/MACO 
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The Mann-Whitney test was employed to statistically ascertain whether land allocation to 

production of groundnuts, soya beans, mixed beans and cowpeas was higher before than after 

the introduction of government supported input subsidy program among the smallholder farm 

household in Zambia. With p-values < 0.01 for all selected legumes, results show that there is 

a significant difference in the production of these crops before and after the introduction of 

subsidised inputs (table 7). However, this trend does not include maize that gives a p-value of 

0.082 which is not statistically significant at 5% level (although significant at 10%) .  In 

addition, all the legumes show negative Z-scores ranging from -7.253 in cowpeas to -16.969 

in groundnuts. This highlights the declining trend in land allocation to legume production 

among smallholder farmers since the introduction of the input subsidy program. 

4.3 Econometric Results (Cragg’s Double Hurdle Model) 

The results of the double hurdle regression model are presented in tables 8 and 9. Table 8 

presents results for the probit part (tier 1) which focuses on the participation decision. Here, 

our interest is to find out factors that influence the farmers’ decision on whether to grow 

legumes or not. Table 9 on the other hand presents results for the truncated normal regression 

(tier 2). This focuses on the level of participation, i.e. factors affecting the farmers’ decision 

on how much legumes to produce which is here represented by how much land the farmer 

allocates to legume production. All inputs and product prices were rescaled by dividing by 

1000 while value of productive assets and distance to the nearest town centre were divided by 

1, 000,000 and 100 respectively. To get robust standard errors, the generated APEs were 

bootstrapped 500 times.  

4.3.1 Effect of Input subsidy on Groundnuts Production  

The results show that government subsidised inputs positively affect the farmers’ decision on 

whether to grow groundnuts or not. The results are however not statistically significant with a 
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p-value of 0.484. On average, each 1 000 Kg of subsidised fertilizer received increases the 

likelihood of a household growing groundnut by 2.29%. Once the farmer has decided to grow 

groundnuts, the results further show that his decision on how much area to put under 

groundnuts (p-value = 0.470) is not influenced by the amount of government subsidised 

inputs received. Nevertheless, each 1000 kg of subsidised fertilizer received by a smallholder 

farm household leads to a reduction of 0.0156 Ha in area of groundnuts grown. Since farmers 

used to receive 400 Kg of fertilizer during the period under review, this means that each 

recipient household would reduce the area of groundnuts grown by 0.00624 Ha. 

The results further show that household landholding, prices of maize in the previous season, 

cowpea price in the previous season, livestock ownership and practicing conservation 

agriculture  do significantly affect the farmers decision on whether to grow groundnuts or not 

at the 1% level. The commercial price of fertilizer at planting also significantly affects the 

farmer decision to grow groundnuts at the 10% level. An additional one hectare in land 

owned by a household increases the likelihood of a household growing groundnut by 1.56% 

while an additional K1000 in the previous season’s prices of cowpeas, owning of livestock 

and practicing conservation agriculture increases the likelihood of a farmer growing 

groundnuts by 14.8%, 9.49% and 4.32% respectively. On the other hand, an additional K 

1000 in the price of maize in the previous season reduces the likelihood of a farmer growing 

groundnuts by 69.5%. As economic beings, smallholder farmers appropriately respond to 

price changes. An increase in the price of maize in the previous season reduces the likelihood 

of the farmer’s to grow groundnuts ceteris paribus because commercially, the two are 

competing crops (Figure 8). The farmer is thus likely to shift some land that was under 

groundnuts to maize production so as to maximise income from maize sales. This is 

consolidated by the fact that maize, through FRA, has a ready market while groundnut does 

not. Livestock ownership, especially oxen, is an important factor in groundnuts production. 
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This is mainly because groundnuts production tends to be labour intensive especially at 

weeding and harvesting stage (Okumu, 1998; Van De Burg, 2012; Govindaraj and Mishra, 

2011). Most farmers who practice crop rotation, a conservation farming technology, are also 

more likely to grow groundnuts because of its importance in crop rotation system of farming 

(Nel and Loubser, 2004).  Production of cowpeas and groundnuts appear to be 

complementary activities.  This is probably because the two crops are normally intercropped 

on the same piece of land. An increase in the commercial price of fertilizer at planting time 

increases the probability of farmers relocating some land from maize (on which fertilizer is 

mostly used) to groundnuts production as groundnuts production does not require fertilizer. 

After the farmer has decided to participate in the production of groundnuts, the major factors 

influencing his decision on how much groundnuts to produce include own price and the price 

of mixed beans in the previous season at 5% and 10% levels of significance respectively. 

Results show that an additional K1 000 in the price of groundnuts in the previous season 

results in a 0.190 Ha increase in the area of groundnuts grown while a similar increase in the 

price of mixed beans leads to a 0.162 Ha increase in the area of groundnuts grown.  

The reason for the apparent complementary relationship between production of mixed beans 

and groundnuts emanates from the fact that the two crops are predominantly produced in 

different provinces (Appendix 2). While groundnuts are mainly produced in Eastern 

province, beans are predominantly produced in Northern Province. The higher altitude, high 

rainfall and long rain season in Northern province (region III (appendix 8) favours bean 

production as the crop, with its short growing period, can be grown twice in one season while 

the relatively heavy soils and medium rainfall of Eastern province (region II) favour 

groundnut production (ZARI, 2009). Thus while farmers in eastern province grow 



 
 

 
 

Figure 8:  Hurdle 1- Probability of participation in legume production (Probit Estimates) 

Independent Variables:               

Dependent Variables 

  Mixed Beans   Cowpeas  Groundnuts Soya beans  

APE p-value APE p-value APE p-value APE p-value 

Adult equivalent = household labour force 0.00154 0.445 0.0011 0.221 0.0047 0.13 0.00153* 0.092 

Education  level of household head (years) 0.00299* 0.077 0.00069 0.408 -0.00152 0.585 0.00095 0.321 

Age of household head  (years) 0.000183 0.832 0.00021 0.479 0.000313 0.769 0.000648 0.101 

Household landholding size (Ha) 0.00176 0.401 0.00058 0.261 0.0156*** 0 0.00052 0.477 

Kg of subsidised inputs  received (‘000) 0.0012 0.945 -0.00553 0.362 0.0229 0.484 -0.00298 0.622 

Fertilizer price at planting (‘000) 0.00179 0.694 -0.00124 0.604 0.0126* 0.061 -0.00149 0.559 

Maize price in last marketing season (‘000) -1.82E-05 0.832 2.63E-05 0.55 -0.00069*** 0 1.57E-05 0.717 

Mixed beans price  in last markt season (‘000) 0.0362 0.392 -0.0179 0.444 0.0895 0.109 -0.0530*** 0.01 

Groundnut price  in last markt season (‘000) 0.00631 0.861 0.00245 0.91 0.00196 0.716 -0.00266 0.989 

Soya bean price  in last markt season (‘000) 0.0306 0.384 -0.0232 0.429 -0.0165 0.708 0.0405 0.101 

Cowpea price  in last markt season (‘000) -0.0916** 0.045 0.00088 0.951 0.148*** 0.004 -0.0532 0.256 

Value prod asset owned by household (‘000,000) -0.00012 0.819 0.0002 0.277 -0.000358 0.629 0.000426* 0.087 

Distance to nearest town (‘00) 0.0252* 0.053 -0.00183 0.809 0.0172 0.383 -0.00149 0.838 

Years household head has lived in the village 3.76E-05 0.101 -6.25E-06 0.742 -4.03E-05 0.409 -2.54E-05 0.497 

FRA maize purchase  in the district -8.88E-05 0.766 0.00017 0.379 0.000743 0.168 0.000121 0.506 

Female headed house hold (1=yes) 0.00407 0.646 -0.00211 0.549 0.00625 0.606 -0.00671* 0.06 

Access to market information (1=yes) 0.0178** 0.034 0.00298 0.488 0.0068 0.585 0.0117*** 0.009 

Livestock ownership (dummy) 0.0220** 0.018 0.00661 0.179 0.0949*** 0 0.0123*** 0.004 

Practice of conservation farming (1=yes) 0.0138 0.197 -0.00228 0.643 0.0432*** 0.004 0.00169 0.771 

Receive advice on imprd crop prod techn. (1=yes) 0.00977 0.277 0.00750* 0.059 0.00185 0.885 -0.00445 0.373 

Contact with government extension  off. (1=yes) -0.0123 0.209 -0.00329 0.447 -0.0164 0.283 0.00452 0.369 

year 4 = 2004 0.711023** 0.022 0.8915* 0.096 1.0564 0 0.78278 0.104 

year 8 = 2008 0.5572 0.236 0.9767 0.189 0.6971 0.013 1.5455** 0.035 
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Table 8 Continued 
 

Independent Variables:               

Dependent Variables 

  Mixed Beans   Cowpeas  Groundnuts Soya beans  

APE p-value APE p-value APE p-value APE p-value 

 
Central Province 0.4788** 0.037 0.6132 0.185 -0.1387 0.479 -2.2578 0.511 

Copperbelt Province 0.4609** 0.034 -0.4231 0.232 0.3936 0.012 -0.2633 0.395 

Eastern Province -0.1342 0.307 0.6 0.000*** 0.581*** 0   

Luapula Province 0.4842 0.621 1.5367 0.468 1.462* 0.098 -0.40079 0.825 

Northern Province 1.6362*** 0 0.5427 0.048** 0.1977** 0.037 -0.41217* 0.06 

North-western Province 1.038*** 0 0.1873 0.474 -0.6889*** 0 -0.43464* 0.087 

Southern Province 0.1625 0.323 0.5614 0.057* -0.3661*** 0.005 -1.3188*** 0 

Western Province -0.38124 0.505 2.2006 0.397 1.0455 0.337 0.24376 0.912 

Observations   4,286   4,286   4,286   4,286   

Joint Significance for Regressors (Ward Chi-

square 
1,499.51 0.00 1,349.97 0.00 2,049.84 0.00 2,024.69 0.00 

Pseudo R
2
 0.2258 

 
0.1586 

 
0.3059 

 
0.1549 

 
Source: SCO/MACO 2001, 2004, 2008 
Note: *** = p-value<0.01, ** = p-value<0.05, * = p-value<0 
00 = values divided by 100, 000 = value divided by 1000, 000,000 = values divided by 1,000,000           
 
 
Another Cragg’s double hurdle model was run using proportions of land grown to legume to total cultivated land. The results, although with different 
coefficients, were not significantly different from those presented in tables 8 and 9 (Appendix 9).   



 
 

 
 

Figure 9: Hurdle 2- Land allocation to legume production (Truncated Normal Estimates) 

Independent Variables:               

Dependent Variables 

  Mixed Beans   Cowpeas  Groundnuts Soya beans  

APE p-value APE p-value APE p-value APE p-value 

Adult equivalent = household labour force 0.00752 0.36 -0.00305 0.743 0.00661 0.1 -0.00909 0.708 

Education  level of household head (years) -0.00691 0.404 0.00817 0.438 -0.0042 0.246 0.0376* 0.064 

Age of household head  (years) -0.000464 0.905 0.00426 0.295 0.00221 0.151 -0.00614 0.424 

Household landholding size (Ha) 0.0331*** 0.001 0.0131 0.178 0.00129 0.832 -0.00947 0.569 

Kg of subsidised inputs  received (‘000) -0.0133 0.865 0.000449 0.997 0.0156 0.47 -0.124 0.476 

Fertilizer price at planting (‘000) 3.40E-06 0.884 2.37E-05 0.367 -1.91E-06 0.866 5.34E-05 0.222 

Maize price in last marketing season (‘000) 0.378 0.425 1.010* 0.098 0.0775 0.656 0.305 0.788 

Mixed beans price  in last markt season (‘000) 0.176 0.458 -0.319 0.276 0.162* 0.055 -0.00239 0.997 

Groundnut price  in last markt season (‘000) -0.312 0.251 -0.000246 0.999 0.190** 0.034 -0.239 0.625 

Soya bean price  in last markt season (‘000) -0.650** 0.018 0.351 0.382 0.0479 0.514 0.44 0.432 

Cowpea price  in last markt season (‘000) -0.364 0.178 0.119 0.525 -0.0143 0.834 0.338 0.894 

Value prod asset owned by household (‘000,000) -0.00402 0.338 -0.000993 0.724 0.000972 0.339 0.0106 0.111 

Distance to nearest town (‘00) 0.0494 0.446 -0.0664 0.43 0.0394 0.178 0.0779 0.572 

Years household head has lived in the village 2.90E-05 0.734 0.00034 0.748 1.19E-05 0.612 0.000254 0.916 

FRA maize purchase  in the district -0.000616 0.651 -0.00117 0.59 -0.000335 0.638 -0.0045 0.207 

Female headed house hold (1=yes) -0.0784* 0.055 -0.0392 0.319 -0.000323 0.983 -0.104 0.11 

Access to market information (1=yes) 0.0516 0.207 -0.0529 0.231 -0.00865 0.58 0.0749 0.291 

Livestock ownership (dummy) 0.0715** 0.047 0.0482 0.498 0.00958 0.721 -0.103 0.573 

Practice of conservation farming (1=yes) 0.046 0.346 -0.0173 0.726 0.0299 0.148 0.116 0.146 

Receive advice on imprd crop prod techn. (1=yes) 0.00974 0.83 0.0119 0.81 0.0273 0.135 0.0177 0.848 

Contact with government extension  off. (1=yes) -0.0284 0.54 -0.0357 0.485 -0.00153 0.931 0.043 0.653 

year 4 = 2004 -3.315 0.287 -1.7865* 0.056 -0.547 0.105 -1.4715 0.677 

year 8 = 2008 0.373 0.933 -1.2284 0.278 -3.1519 0.034** -1.2002* 0.81 
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Table 9 Continued 

Independent Variables:               

Dependent Variables 

  Mixed Beans   Cowpeas  Groundnuts Soya beans  

APE p-value APE p-value APE p-value APE p-value 

 

Central Province -3.162 0.169 -0.1214 0.826 -0.601 0.402 -2.9646 0.242 

Copperbelt Province -7.6706** 0.017 -0.77 0.122 -0.79129 0.228 -1.8789 0.388 

Eastern Province 0.000238* 0.066 0.6524*** 0 0.496*** 0 
  

Luapula Province -10.428 0.254 -2.785 0.336 -3.4249 0.294 -16.8022 0.136 

Northern Province 0-0.6642 0.571 -0.4845 0.25 -1.4643** 0.025 -3.1225* 0.051 

North-western Province -3.216** 0.039 0.2457 0.43 -1.9921** 0.026 -0.389 0.794 

Southern Province -0.00383 0.998 0.3348 0.459 0.1065 0.826 1.23416 0.517 

Western Province -6.6502 0.545 -0.341 0.697 -2.2485 0.555 -18.7559 0.165 

Observations 4,286   4,286   4,286   4,286   

Joint Significance of all Regressors (Ward/ Chi-

square) 
1,482.86 0 349.97 0 318.23 0 2,024.69 0 

Source: Own calculation 

Note: *** = p-value<0.01, ** = p-value<0.05, * = p-value<0 

(‘00)= values divided by by 100, (‘000) = value divided by 1000, (‘000,000) = values divided by 1,000,000  
 



 
 

 
 

groundnuts as a commercial crop, those in Northern Province tend to grow mixed beans 

instead. This implies that the two crops respond to economic shocks in a similar way. For 

example, when FRA maize purchase in the previous marketing season increases, farmers tend 

to reduce areas allocatted to the production of both crops (Table 9).  

4.3.2 Effect of Subsidised inputs on Mixed beans Production 

The results show that government subsidised inputs do not significantly affect the farmers’ 

decisions on whether to grow mixed beans or not or how much area to allocate to the 

production of mixed beans. However, an additional 1000 kg of subsidised fertilizer received 

results in a reduction of 0.0133 Ha in area of mixed beans grown ceteris paribus.  

Our results further show that commercial price of cowpeas in the previous season, access to 

market information and livestock ownership significantly affect the farmers decision on 

whether to produce mixed beans or not at 5% level. Factors like Education level of household 

head and distance to nearest town also affect farmer’s decision to grow mixed beans at 10% 

significance level. An additional K1 000 in the prices of cowpeas in the previous season 

reduces the likelihood of a farmer producing mixed beans by 9.16%. On the other hand, 

receiving of market information and livestock ownership increases the probability of a farmer 

producing mixed beans by 1.78% and 2.20% respectively. Education level of household head 

and distance to nearest town are also likely to increase the likelihood of a farmer to produce 

mixed beans by 0.299% and 2.5% respectively.  

The commercial nature of mixed beans is reflected in the fact that recipients of market 

information and households with relatively more educated heads are more likely to produce 

the crop. Its significance in the household food security of smallholder farm households as a 

source of protein is reflected in its apparent competitiveness with cowpea production and the 
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fact that farmers living further away from town centres are more likely to produce the crop. 

Farmers who for one reason or another are not able to produce mixed beans instead produce 

cowpeas to meet their dietary needs. The fact that the two crops are predominantly produced 

in two different provinces (beans in Northern and cowpeas in Southern), is also a 

confirmation of the similarity of their role as major sources of non-meat sources of protein in 

the resource poor households of smallholder farmers. Livestock ownership avails farmers 

with alternative sources of farm-power thus enabling them to expand their crop enterprise 

making it more likely for them to produce a variety of crops including mixed beans.    

After the farmer has decided to produce mixed beans, the decision on how much land to 

allocate to the enterprise is positively and significantly influenced by household land holding 

at the 1% level. Livestock ownership was also significant at 5% level. On the other hand, the 

price of soya beans in the previous season and household being female headed had negative 

effects on how much land farmers allocates to the production of mixed beans.  

Results show that an additional hectare owned by a household results in a 0.0331 Ha increase 

in the area of mixed beans grown while livestock owners allocate 0.0715 Ha additional land 

to the production of the crop. An additional K1 000 in the price of soya beans in the previous 

season and a household being female-headed are likely to leads to reductions of 0.650Ha and 

0.0784Ha in the area of land allocated to production of mixed beans respectively ceteris 

paribus.  

As land is one of the major constraints facing smallholder farm households in rural Zambia, 

(Siegel and Alwang, 2005; Kuteya and Jayne, 2012), having more land allows farmers 

flexibility in both crop area and crop variety. Thus farmers with more land are likely to not 

only produce more of the current crop range but to also venture into production of crops that 

they do not traditionally grow. Soya beans and mixed beans production appear to compete for 
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land allocation. Thus an increase in the price of soya beans induces a reduction in the area of 

land allocated to mixed beans production. Figure 8 highlights the fact that most households 

produce these crops for sale. Thus when the price of soya beans goes up, farmers shift land 

resource from mixes beans to soya beans production resulting in a net reduction in the 

production of mixed beans. Female headed household are less likely to engage in production 

of commercial crops like mixed beans. This is in agreement with past research findings by 

Zamasaya et al. (2012) who found that males are more active than females in the production 

of commercial crops. This trend is attributed to the fact that most female headed households 

do not have access to productive resources like land (Machina, 2002).  

  

 

Figure 10: Mean Number of Legume Producers and Market Participation 

4.3.3 The Effect of Subsidised inputs on Soya Beans Production.  

Results show that government subsidised inputs have a negative effect on both the farmer’s 

likelihood to grow soya beans and on how much land to allocate to its production. The results 

in both scenarios are however not statistically significant. However, Each 1 000 Kg of 

subsidised fertilizer received reduces the probability of a farmer producing soya beans by 

0.3% and leads to a 0.124 Ha reduction in land allocation to its production if the farmer 
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decides to produce the crop, ceteris paribus. At the rate of 400 Kg subsidised fertilizer per 

smallholder farm household, this translates to a reduction of 0.0496 Ha in area of soya beans 

grown. 

The results further show that access to market information and livestock ownership positively 

and significantly affect the farmers’ decision to produce soya beans at the 1% level. Other 

factors that affect the farmers’ decision on whether to produce soya beans or not include 

household labour size and value of productive assets owned by a household. However, price 

of mixed beans in the previous season and a household being female headed negatively affect 

the farmers’ decision to produce soya beans at 1% and 10% levels respectively.  

Access to market information and livestock ownership increases the likelihood of a farmer 

growing soya beans by 1.17% and 1.23% respectively. A one unit increase in household 

labour and K1 000,000 increases in the value of productive assets also increase the likelihood 

of a household producing the crop by 0.153% and 0.0426% respectively. On the other hand, 

an additional K1 000 in the price of mixed beans in the previous season reduces the 

probability of a household producing soya beans by 5.3% while a household being female-

headed reduces the likelihood of a household producing the crop by and 0.671%.  

The significance of access to market information, livestock ownership, value of productive 

assets and household labour size all point to the commercial nature of the crop. Livestock 

ownership, higher value of productive assets and higher household labour availability all 

enable the farmer to carryout fieldwork quicker and work on bigger portions of land than 

those without these factors. As noted under mixed beans, the negative effect of an increase in 

the price of mixed beans in the previous season amplifies the competitive nature of these two 

crops as commercial crops among smallholder. Female-headed households, as noted earlier, 

are less likely to produce commercial crops like soya beans due to limited production 
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resources.  

Upon deciding to participate in the production of soya beans, the sole significant factor 

influencing farmers on how much land to allocate to soya beans production is the education 

level of the household head. Our data shows that farmer with one addition year of education 

allocate 0.0376 Ha more land to soya beans production. This, combined with access to 

market information implies that farmers who have more years of formal education are able to 

take advantage of the market information received and expand their soya beans enterprise to 

take advantage of the expected higher prices during crop marketing. Pearson’s correlation 

between the two variables gives a significant correlation coefficient at 0.01 levels (Appendix 

9). 

4.3.4 Effect of Input Subsidies on Production of Cowpeas   

Results show that government subsidised inputs neither significantly affect the farmer’s 

decision to participate in cowpea production nor the amount of land the farmers allocates to 

the production of the crop. Nevertheless, every additional 1000 Kg of subsidised fertilizer 

received reduces the likelihood of a smallholder farm household growing cowpeas by 0.55%. 

If the farmer decides to produce cowpeas however, an additional 1 000 kg of subsidised 

fertilizer received influences the farmer to increase the land allocated to the production of the 

crop by 0.000449 Ha.   

Our results further show that only receiving of advice on improved crop production 

techniques affect the farmers decision on whether to grow cowpeas or not at 10% level of 

significantly. A one kwacha increase in the price of maize in the previous crop marketing 

season increases the probability of a smallholder farmer growing cowpeas by 0.0075%. After 

the decision to grow cowpeas has been made, the decision on how much land to allocate to 

the enterprise is positively affected by the price of maize in the previous season. A  K 1000 
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increase in the price of maize in the previous season was found to lead to a 1.01 Ha increase 

in the area of cowpeas grown by a given household ceteris paribus.  

These results therefore imply that cowpea and maize are complementary in terms of land use.  

Coulibaly et al. (2009) observes that this is because the most common practice among 

smallholder farm households in Eastern and Southern African countries is to intercrop 

cowpeas with maize and other cereals rather than growing it in own plots.  Thus an increase 

in the price of maize in the previous season induces the farmer to expand his maize field 

consequently increasing land allocation to cowpeas. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

Our results show that there has generally been a decline in the area of legumes grown by 

smallholder farm households in Zambia since the up scaling of government subsidised inputs. 

Thus, the nation-wide increase in the production of these crops in the past few years could 

mainly be attributed to entry of new households into this category of farmers. These new 

smallholder farm households mainly acquire their land trough inheritance and allocation from 

their parents resulting in not only declines in land allocation to legumes but also declines in 

household landholding, cropped land and fallow land.   

Econometric results show that government subsidised inputs do not significantly affect both 

the farmers’ decision to produce legumes (participation decision) or how much land to 

allocate to legumes production (the level of participation).  There were however other factors 

that showed significant influence on the farmers’ decision to produce legumes and how much 

land to allocate to the production of legumes by household. While some factors only affect 

the participation decision, factors like household land holding size and livestock ownership 

appear to affect both the participation decision and the level of production.  

While household land holding, access to market information on commodity prices, livestock 

ownership, practicing conservation farming and own price in the previous season show a 

positive influence on the farmers decision to produce legumes and how much legumes to 

produce, previous seasons’ prices of maize and competing commodities tend to have negative 

effects on both decisions. Of the factors that significantly affect the farmer’s decision to grow 

legumes, livestock ownership and access to commodity market information appear to affect 

more than one legume. Landholding was the single highly significant factor influencing the 
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farmer’s decision on how much land to allocate to legume production. Thus while our results 

show that there is a significant difference in the levels of legume production by smallholder 

farm households since the up scaling of the input subsidy program, this cannot be attributed 

to the program.  
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5.2 Recommendations 

To enhance legume production among smallholder farm households, there is need to redesign 

the current traditional land tenure system in a way that facilitates easy land acquisition by 

new entrants into the smallholder farmer category. This is because the current system in 

which the farmer divides his landholding among his children results in declining farmers’ 

landholding and subsequently inability to expand production trough area expansion. Legume 

production should also be given a “pull” through provision of market support. Considering 

their importance in national and household food security, this support can best be done by 

including legumes in the range of crops bought by FRA which is in line with its mandates of 

“administering a national strategic food reserve” and “marketing and market facilitation” 

FRA (2013)   In addition, government can help trigger the participation of private buyers and 

processors in marketing of legumes. These processors would require capacity building in 

terms of training and equipment to enhance their capacity to effectively perform their role. 

This should go side by side with enhancing dissemination of market information along the 

legume value chains to enable actors make prompt and informed decision.  

Livestock ownership, especially oxen, is important in legume production as labour is one of 

the major constraints in crop production. Oxen ownership enables the farmers to not only do 

more work but to also do it quickly and thus take advantage of early rains. One of the major 

challenges facing livestock keepers in the country is the disease burden. Provinces like 

Southern and Eastern which are the country’s bread baskets have not been spared. This has 

led to most farmers relaying on human labour for farm power. There is thus need to control 

livestock diseases in the country and restock where need be. Farmers with access to oxen 

would be able to implement improved agriculture techniques like early planting and crop 

rotation which have the potential to enhance legume production.     
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CHAPTER SEVEN 

APPENDICES  

Appendix 1: Millennium Development Goals 

Goal No. Goal 

 Eradicating extreme poverty and hunger 
 Achieving universal primary education 

 Promoting gender equality and empowering women 

 Reducing child mortality rates 

 Improving maternal health 

 Combating HIV/AIDS, malaria, and other diseases 

 Ensuring environmental sustainability 

 Developing a global partnership for development[1] 
 
 
Appendix 2: Area under legume by province 

Province Totals Groundnuts Soya beans Mixed beans Cowpeas 

Central                   

              
232.26  

              
52.00  

                
62.37  

           
18.68  

      

365.31  

Copperbelt                                                                                                                   

                
90.31  

                
8.92  

                
17.85  

              
0.75  

      

117.83  

Eastern                                                                         

              
758.99  

              
79.91  

                
30.92  

              
3.85  

      

873.68  

Luapula                                                                                                                      

              
125.86  

                
0.81  

                
27.84  

              
0.50  

      

155.01  

Lusaka                                                                                                                       

                
33.06  

                
5.69  

                  
6.26  

              
3.44  

         

48.44  

Northern                   

              
356.64  

              
20.44  

              
468.20  

              
5.98  

      

851.25  

Nwestern                                                                                                                     

                
25.54  

                
1.53  

                
30.46  

              
2.88  

         

60.40  

Southern                                                                      

              
325.76  

                
2.73  

                
23.27  

           
56.17  

      

407.94  

Western                                                                                                                      

                
33.12  

                
0.50  

                  
3.63  

              
8.11  

         

45.36  

Totals 

          

1,981.53             172.52  

              

670.82  

         

100.36  

   

2,925.23  

 

 
Appendix 3: Skewness and Kurtosis normality test 

Results Observations Pr (Skewedness) Pr (Kurtosis) 
Groundnuts 12,585 0.000 0.000 

Soya beans 12,585 0.000 0.000 

Mixed beans 12,585 0.000 0.000 

Cowpeas 12,585 0.000 0.000 

Kg subsidised inputs received 12,585 0.000 0.000 
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Appendix 4: Histograms for maize, groundnuts, mixed beans, soyabeans, cowpeas and 

subsidised fertilizer 
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Appendix 5: Household Land Ownership and Utilization by Season 

0
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total 

owned

croped land maize groundnuts mixed 

beans

soyabeans cowpeas Fallow

2001 2.78 2.02 1.05 0.16 0.04 0.06 0.01 0.77

2004 2.42 1.82 0.84 0.17 0.06 0.02 0.04 0.60

2008 2.32 1.77 1.03 0.17 0.05 0.02 0.01 0.55
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Appendix 6: Trends in legume production by province 
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Appendix 7: Zambia Agro ecological Zones 

 
 
Appendix 8: Correlations between education level of head and access to market 

information. 

  Education level of household head Access to market information  

Education level of household head Pearson Correlation 1 .096
**
 

Sig. (2-tailed)  .000 

N 12858 12858 

Access to market information Pearson Correlation .096
**
 1 

Sig. (2-tailed) .000  

N 12858 12858 

**. Correlation is significant at the 0.01 level (2-tailed). 

  
Appendix 9: Cragg’s regression output for proportions of legumes grown on total 

cultivated land 
 (2) (3) (5) (6) 
VARIABLES Cowpeas Soya beans Mixed beans Groundnuts 

 Overall 

Adult equivalent = household labour force 0.000190 9.30e-05 0.000475 -0.000511 
 (0.000161) (0.000210) (0.000503) (0.000884) 
Education  level of household head (years) 0.000121 0.000448* 0.000319 -0.00114 
 (0.000149) (0.000233) (0.000410) (0.000792) 
Age of household head  (years) 5.53e-05 3.88e-05 -0.000101 -0.000214 
 (5.46e-05) (8.97e-05) (0.000245) (0.000293) 
Household landholding size (Ha) -4.17e-06 -8.02e-05 -0.000876* 0.00175 
 (0.000129) (0.000150) (0.000517) (0.00153) 
Kg of subsidised inputs  received  -1.17e-06 -1.17e-06 2.67e-06 -1.20e-05 
 (1.27e-06) (1.51e-06) (8.30e-06) (9.36e-06) 
Fertilizer price at planting  3.12e-08 -9.71e-08 8.65e-07 3.14e-06* 
 (3.85e-07) (5.26e-07) (1.21e-06) (1.83e-06) 
Maize price in last marketing season  4.59e-06 1.48e-05 1.94e-05 -7.46e-05** 
 (8.46e-06) (1.01e-05) (2.08e-05) (3.51e-05) 
Mixed beans price  in last markt season  -5.54e-06 -8.48e-06 2.36e-05** 5.35e-05*** 
 (4.11e-06) (5.66e-06) (1.14e-05) (1.47e-05) 
Groundnut price  in last markt season  -1.16e-06 -3.05e-06 -3.86e-08 2.71e-05* 

Key (Rainfall per annum) 

Region I less than 700mm  

Region IIa 800-1000mm 

Region IIb 800-1000mm 

Region III 1000-1500mm 



68 
 

 (3.94e-06) (4.08e-06) (8.55e-06) (1.62e-05) 
Soya bean price  in last markt season -4.44e-07 7.93e-06 2.52e-05** 8.34e-06 
 (5.78e-06) (5.60e-06) (1.02e-05) (1.09e-05) 
Cowpea price  in last markt season  1.29e-07 -7.31e-06 -3.11e-05*** 4.30e-05*** 
 (2.57e-06) (1.61e-05) (1.21e-05) (1.52e-05) 
Value prod asset owned by household  6.76e-11 1.06e-10 2.67e-10 -2.94e-10 
 (0) (6.94e-11) (1.86e-10) (2.56e-10) 
Distance to nearest town -6.03e-06 1.14e-05 3.15e-05 2.48e-05 
 (1.35e-05) (1.87e-05) (3.24e-05) (5.22e-05) 
Years household head has lived in the village 1.53e-05 4.94e-07 -1.80e-05 7.85e-05 
 (1.92e-05) (2.65e-05) (6.03e-05) (9.29e-05) 
FRA maize purchase  in the district 2.69e-06 6.59e-05 -0.000118 -0.000142 
 (3.48e-05) (5.51e-05) (7.60e-05) (0.000142) 
Female headed house hold (1=yes) -0.000418 -0.00158** -0.000713 0.000388 
 (0.000641) (0.000746) (0.00219) (0.00317) 
Access to market information (1=yes) 0.000173 0.00182* 0.00381* -0.00858*** 
 (0.000829) (0.000957) (0.00208) (0.00315) 
Livestock ownership (dummy) 0.00113 0.00161 0.00380 0.0170*** 
 (0.000924) (0.00104) (0.00239) (0.00381) 
Practice of conservation farming (1=yes) -0.00115 0.000447 -0.000726 0.00575 
 (0.000924) (0.00138) (0.00252) (0.00438) 
Receive advice on imprd crop prod techn. (1=yes) 0.00118* -0.00132 0.00609** 0.000358 
 (0.000710) (0.00104) (0.00241) (0.00344) 
Contact with government extension off. (1=yes) -0.000826 0.00126 -0.00637*** -0.00383 
 (0.000789) (0.00128) (0.00222) (0.00397) 

 
Adult equivalent = household labour force 

 
0.00114 

Probit Estimates 

0.00154 
 

0.00127 
 

0.00466 
 (0.000897) (0.000988) (0.00201) (0.00311) 
Education  level of household head (years) 0.000674 0.000916 0.00303* -0.00176 
 (0.000835) (0.000937) (0.00169) (0.00279) 
Age of household head  (years) 0.000204 0.000655* 0.000167 0.000320 
 (0.000293) (0.000375) (0.000866) (0.00106) 
Household landholding size (Ha) 0.000583 0.000522 0.00172 0.0154*** 
 (0.000506) (0.000747) (0.00209) (0.00285) 
Kg of subsidised inputs  received  -6.05e-06 -2.98e-06 3.02e-06 2.29e-05 

 (6.14e-06) (6.44e-06) (1.73e-05) (3.26e-05) 
Fertilizer price at planting  -1.17e-06 -1.46e-06 1.70e-06 1.37e-05** 
 (2.40e-06) (2.45e-06) (4.53e-06) (6.72e-06) 
Maize price in last marketing season -2.32e-05 1.53e-05 -1.43e-05 -0.000701*** 
 (4.35e-05) (4.30e-05) (8.57e-05) (0.000131) 
Mixed beans price  in last markt season -1.81e-05 -5.33e-05** 3.44e-05 8.55e-05 
 (2.35e-05) (2.07e-05) (4.19e-05) (5.62e-05) 
Groundnut price  in last markt season  1.54e-06 -7.58e-08 6.73e-06 -1.70e-05 
 (2.17e-05) (2.03e-05) (3.60e-05) (5.41e-05) 
Soya bean price  in last markt season  -2.20e-05 4.08e-05* 3.00e-05 -2.24e-05 
 (2.94e-05) (2.34e-05) (3.49e-05) (4.43e-05) 
Cowpea price  in last markt season  7.54e-07 -5.34e-05 -0.000102** 0.000146*** 
 (1.43e-05) (4.74e-05) (4.53e-05) (5.11e-05) 
Value prod asset owned by household  1.92e-10 4.25e-10 -1.10e-10 -3.02e-10 
 (1.79e-10) (2.65e-10) (5.28e-10) (7.40e-10) 
Distance to nearest town -1.40e-05 -1.15e-05 0.000235* 0.000141 
 (7.56e-05) (7.42e-05) (0.000129) (0.000200) 
Years household head has lived in the village 0.000224* 7.74e-05 -0.000337 3.02e-05 
 (0.000118) (0.000121) (0.000219) (0.000351) 
FRA maize purchase  in the district 0.000166 0.000121 -0.000101 0.000655 
 (0.000197) (0.000182) (0.000297) (0.000537) 
Female headed house hold (1=yes) -0.00309 -0.00728* 0.00633 0.00691 
 (0.00350) (0.00379) (0.00891) (0.0121) 
Access to market information (1=yes) 0.00308 0.0119*** 0.0174** 0.00630 
 (0.00431) (0.00447) (0.00837) (0.0124) 
Livestock ownership (dummy) 0.00688 0.0122*** 0.0224** 0.0950*** 
 (0.00481) (0.00419) (0.00926) (0.0138) 
Practice of conservation farming (1=yes) -0.00183 0.00168 0.0144 0.0413*** 
 (0.00488) (0.00613) (0.0106) (0.0148) 
Receive advice on imprd crop prod techn. (1=yes) 0.00733* -0.00435 0.0110 0.00295 
 (0.00397) (0.00489) (0.00889) (0.0127) 
Contact with government extension  off. (1=yes) -0.00330 0.00446 -0.0136 -0.0158 
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 (0.00433) (0.00553) (0.00956) (0.0154) 

 

Truncated Estimators 

 

 
Adult equivalent = household labour force 

 
0.000958 

 
-0.00622 

 
0.00142 

 
-0.00364** 

 (0.00369) (0.00490) (0.00209) (0.00142) 
Education  level of household head (years) 0.000916 0.0102** -0.00133 -0.00198 
 (0.00383) (0.00482) (0.00157) (0.00129) 
Age of household head  (years) 0.00106 -0.00266 -0.000761 -0.000664 
 (0.00160) (0.00205) (0.000953) (0.000453) 
Household landholding size (Ha) -0.00377 -0.00606* -0.00687*** -0.00336 
 (0.00404) (0.00316) (0.00217) (0.00354) 
Kg of subsidised inputs  received  -1.18e-05 -2.32e-05 1.23e-05 -4.18e-05** 
 (4.33e-05) (4.28e-05) (3.59e-05) (1.79e-05) 
Fertilizer price at planting  8.52e-06 5.57e-06 3.23e-06 1.02e-06 
 (8.74e-06) (1.07e-05) (5.09e-06) (2.99e-06) 
Maize price in last marketing season  0.000336 0.000432 0.000127 0.000165*** 
 (0.000250) (0.000264) (7.91e-05) (5.65e-05) 
Mixed beans price  in last markt season  -0.000121 2.81e-05 0.000101** 9.18e-05*** 
 (0.000111) (0.000197) (4.88e-05) (2.70e-05) 
Groundnut price  in last markt season -5.82e-05 -0.000108 -7.26e-06 7.70e-05*** 
 (0.000109) (9.50e-05) (3.34e-05) (2.92e-05) 
Soya bean price  in last markt season 0.000117 2.99e-05 0.000115** 3.24e-05* 
 (0.000182) (0.000134) (4.85e-05) (1.88e-05) 
Cowpea price  in last markt season  7.80e-07 7.06e-05 -7.31e-05 3.48e-05 
 (6.64e-05) (0.000599) (5.35e-05) (2.62e-05) 
Value prod asset owned by household  1.65e-09 1.13e-09 1.66e-09** -5.89e-10 
 (1.18e-09) (1.63e-09) (8.33e-10) (4.90e-10) 
Distance to nearest town  -0.000167 0.000474 -6.44e-05 -8.31e-06 
 (0.000297) (0.000411) (0.000126) (8.56e-05) 
Years household head has lived in the village -0.000736* -0.000460 0.000249 0.000183 
 (0.000382) (0.000515) (0.000254) (0.000138) 
FRA maize purchase  in the district -0.000914 0.00159 -0.000577** -0.000688*** 
 (0.000690) (0.00129) (0.000278) (0.000229) 
Female headed house hold (1=yes) 0.00166 -0.0129 -0.0105 -0.00249 
 (0.0162) (0.0179) (0.00856) (0.00527) 
Access to market information (1=yes) -0.0117 -0.00943 0.00394 -0.0248*** 
 (0.0185) (0.0189) (0.00832) (0.00543) 
Livestock ownership (dummy) 0.00565 -0.0282 -0.00181 -0.00598 
 (0.0348) (0.0401) (0.0107) (0.00741) 
Practice of conservation farming (1=yes) -0.0360* 0.00565 -0.0203** -0.00653 
 (0.0197) (0.0258) (0.0102) (0.00727) 
Receive advice on imprd crop prod techn. (1=yes) 0.00414 -0.0192 0.0228** -0.000586 
 (0.0191) (0.0213) (0.00935) (0.00582) 
Contact with government extension  off. (1=yes) -0.0156 0.0160 -0.0243** -0.00177 
 (0.0203) (0.0206) (0.00998) (0.00608) 
     
Observations 12,858 12,858 12,858 12,858 

 
 

 
 
 

 
 


