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Abstract 
 

AN INVESTIGATION INTO THE POSSIBILITY OF A RICE GREEN 

REVOLUTION IN SUB SAHARAN AFRICA: LESSONS FROMTHE MWEA 

IRRIGATION SCHEME IN KENYA 

 

Njeru Timothy Njagi 
 

Dissertation Director: Prof. Keijiro Otsuka 

 
December, 2012 

Rice has grown in importance in Sub Saharan Africa as a result of population growth and 

urbanization. Irrigation is essential to increase rice production, similar to case of the Green 

Revolution in Asia. Using primary household data collected in Mwea irrigation scheme in 

Kenya, and secondary data reported by David and Otsuka (1994) and Nakano et al., (2011), this 

study finds that the relationship between fertilizer use and yields is similar in Asia and Sub 

Saharan Africa, and the differences in labour use were the result of differences in labour capital 

substitution in the two regions.  This study also evaluates the impact of access to credit on rice 

farming performance measured in terms of the value of output, income and residual profit per ha 

and finds that, having larger cultivated land increases the likelihood of a farmer to obtain credit 

from a farmers' cooperative society due to the fixed costs associated with borrowing from the 

society. Farmers who cannot borrow from the cooperative society are able to get credit from rice 

traders. The farm performance of farmers who borrow from rice traders is not significantly 

different from those who receive credit from the cooperative society as well as non-borrowers, 

suggesting that though imperfect, credit markets function to a significant extent. Based on these 

findings, the study suggests policies to improve the quality of irrigation infrastructure thereby 

enhancing fertilizer use among rice farmers in Sub Saharan Africa. 
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Summary of the Dissertation 
 

An Investigation into the Possibility of a Rice Green Revolution in Sub Saharan Africa: Lessons 

from the Mwea Irrigation Scheme in Kenya 

 

Njeru Timothy Njagi 
 

December, 2012 

 

Rice has emerged as an important cereal crop in Sub-Saharan Africa (SSA) mainly as a 

result of urbanization and population growth. However, rice production in SSA continues to lag 

behind demand, with the gap between production and consumption widening in recent years. 

One strategy to boost rice production is to invest in irrigation development, and enhance the 

utilization of fertilizers among farmers as higher yielding modern varieties of rice respond to 

both the availability of water and application of fertilizer.  However, investments in irrigation 

have remained low in SSA because the past performance of large-scale irrigation projects in SSA 

has been poor. Additionally, farmers in SSA use low amounts of chemical fertilizers because of 

the high prices of fertilizer and high and limited access to credit for farmers. Therefore, it is of 

paramount importance to identify the conditions for successful rice farming in large-scale 

irrigation schemes.   

Based on this background, this study developed two objectives. First, we investigated the 

conditions for successful rice farming in large-scale irrigation schemes based on the Asian Green 

Revolution experience. Second, we investigated the role of access to credit on rice farming in a 

large-scale irrigation scheme in SSA. We conducted an empirical analysis using two datasets: the 

first is a unique dataset collected by the author in Mwea irrigation scheme, and the second 

dataset is extracted from data reported by David and Otsuka (1994) and Nakano et al., (2011). 

In order to identify the conditions for successful rice farming in large-scale irrigation 

schemes, the study compares large-scale irrigation scheme in SSA with irrigated areas in Asia. 
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Our findings confirm some basic laws of economic theory such as factor substitution and law of 

demand. We find that although farmers in SSA used lower amounts of fertilizer in comparison to 

farmers in Asia, the relationship between rice yield and fertilizer use was positive for both 

irrigated areas in Asia and SSA. In addition, the relationship between the price of fertilizer 

relative to output and fertilizer use was negative for both regions. The relationship between the 

wage rate relative to output and labour used was also negative in both regions. However, farmers 

in SSA used a lot of labour in comparison to farmers in Asia. The differences in the amounts of 

labour used per ha could be explained by labour-capital substitution in Asia where farmers 

adopted labour saving technologies -which was suited for irrigated ecologies- as a result of high 

cost of labour.  

Mwea irrigation scheme stood out from other schemes in SSA because the price of 

fertilizer compared to output price was low, even without fertilizer subsidies, and fertilizer use 

was the highest in SSA. We investigated the determinants of input use in Mwea irrigation 

scheme and find no evidence of the effect of the distance of the farmer's plot from the intake of 

the feeder canal on input use, although the water rotation groups affected use of family labour. 

We also find no evidence of the effect of the wealth variables on fertilizer application, and this 

suggests that the access to credit in Mwea is good. An important finding is that the rental value 

of land, aproxy for the quality of land, was positively and significantly correlated with input 

application suggesting that farmers were aware of their land quality, and those with good quality 

of land applied more inputs. 

We investigated the role of access to credit on farm performance measured in terms of 

value of output, income and residual profit for different categories of borrowers, those who 

borrow from a farmer's cooperative (MRGM), those who borrow from traders, those who borrow 
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from both the MRGM and traders, and those who did not borrow (non-borrowers).We found that 

farmers who could not borrow from the MRGM were able to access credit from rice traders, 

thereby easing their credit constraints. Farmers who borrow from traders were not disadvantaged 

in farm performance outcomes, even though they pay high interest rates.  

The cost of fertilizer and rental cost of capital was cheaper for farmers who accessed 

credit from MRGM, and farmers who borrow from traders incurred higher paid costs. However, 

the differences in paid costs reduce considerably when we assumed a hypothetical case where the 

interest rate charged by traders and that offered by banks for deposits was equal to the social cost 

of capital. In both the observed case, and in the hypothetical case, the value of output, income 

and residual profit was not significantly different between farmers who borrow from the MRGM, 

those who borrow from traders and non-borrowers. This suggests that farmers, who had access to 

credit from traders, were able to apply amounts of inputs similar to farmers who had access to 

credit from MRGM and non-borrowers. As a result, the value of output, income and residual 

profit from rice farming were not significantly different among these categories. 

Our study shows that farmers in Mwea irrigation scheme were able to attain high farming 

performance because they applied ample amounts of input particularly fertilizer. The presence of 

an alternative source of credit for example informal credit sources is important so that farmers 

who are unable to access credit from formal credit sources such as the MRGM, can borrow from 

informal credit sources such as rice traders. The study concludes the conditions for successful 

rice farming in large-scale irrigation scheme includes improving the quality of irrigation 

infrastructure, enhancing fertilizer use by lowering the price of fertilizer and promotes informal 

credit markets. 
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1. Introduction 

1.1. Significance of issues 
 

Food insecurity remains one of the main challenges facing many countries in Sub 

Saharan Africa (SSA). This is in spite of the significant advancements that have been made 

in improving cereal grain yields over the years, especially for maize and wheat. The 

problem has been exacerbated by an increasing population and a decline in uncultivated 

arable land. Population growth rate in SSA is the highest in the world at 2.3% per year. The 

urban population in SSA rose from 30% in 1992 to 36% in 2009 (United Nations, 2011). 

The fast growth in the number of urban towns has been accompanied by changes in 

consumer preferences. Consequently, rice has emerged as an important cereal for urban 

dwellers because it is easier and faster to cook compared to other grains (Balasubramanian 

et al., 2007). The annual per capita rice consumption in SSA increased twofold from 11 kg 

in 1961 to 24 kg in 2007 (Seck et al., 2010).However, rice production has remained 

significantly lower than consumption in SSA leading to heavy reliance on imports, which 

now constitute one-third of all rice traded in the world market (Africa Rice Centre 

(WARDA), 2008). Asia faced a similar crisis before the Green Revolution but was able to 

avert the looming famine as a result of drastic increases in cereal grain production mainly 

because yields for these grains doubled due to the introduction and adoption of fertilizer-

responsive high-yielding modern varieties (MVs) since the mid-1960s. To ease this 

dependence on imports, SSA needs to replicate the Asian rice Green Revolution of the 

1970s to 1980s (Otsuka and Kalirajan, 2006).  
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In Asia, the existence of irrigation was the critically important factor during the 

Green Revolution as MVs were adopted faster in irrigated areas (David and Otsuka, 1994). 

It is also recognized that rice yields in irrigated areas are much higher than those in other 

ecological zones. However, investments in irrigation infrastructure in SSA have remained 

low mainly as a result ofthe perceived failures of past large-scale irrigation projects by 

donors and governments in SSA (Inocencio et al., 2007), and poor irrigation policies and 

strategies that are characterized by high investments costs, a lack of ownership by users, 

and poor maintenance of irrigation infrastructure (AQUASTAT, 2005).However, the 

perception that large-scale irrigation projects fail in SSA was shown not to always be the 

case. Irrigation projects in SSA can yield good returns and have significant impact on 

economic growth under the right conditions such as investing in good planning, design, 

management and project supervision combined with effective training and institutional 

development among users (Inocencio et al., 2007).   

The quality of management at the scheme level is more important in determining 

the performance of an irrigation project (Rosegrant and Perez, 1997; Nakano, 2009). This is 

because managing the collective action of farmers is crucial in maintaining the good quality 

of irrigation and ensuring that water is efficiently distributed. The irrigation management 

rules, that must be adhered to by all farmers, prevent the overexploitation of water and 

ensure that sufficient maintenance is carried out on the irrigation infrastructure to guarantee 

equal and sufficient water distribution. This is important for rice farming because the 

fertilizer-responsive high-yielding MVsrespond to both the availability of water and the 

applicaton of fertilizer (David and Otsuka, 1994, Estudillo and Otsuka, 2006). Therefore, 

ensuring that water is distributed evenly and in sufficient amounts will likely increase 
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yields, thereby raising the performance of the irrigation scheme. In recent times, the 

conditions for rice growing in large-scale irrigation schemes in SSA have changed resulting 

in a dramatic improvement in rice yields.
1
 The office du Niger irrigation scheme is an 

outstanding example of how reforms, which saw the liberalization of rice farming and the 

involvement of farmers in the scheme’s management, can lead to a sharp increase in rice 

production (Aw and Diemer, 2005). This demonstrates that yields in irrigated areas in SSA 

can be potentially as high as those in Asia.  

Meanwhile, fertilizer use remains critically low in SSA. This has been a major 

reason for the low crop yields in the region. Both demand-side hypotheses and supply-side 

hypotheses have been advanced to explain the low fertilizer use. The demand-side 

hypotheses suggest that farmers in SSA face high fertilizer prices and financial constraints 

that limit their ability to purchase fertilizer. The supply-side hypotheses suggest that the 

fertilizer market is small and poorly developed (Morris et al., 2007). To boost fertilizer use 

among farmers, governments in SSA have intervened through the provision of direct 

fertilizer subsidies and government-led credit and input credit programs. Nonetheless, these 

efforts have not led to increased growth in fertilizer use due to the inefficiencies created by 

these programs. These inefficiencies include high fiscal and administrative costs, rent 

seeking by bureaucrats, poor targeting of input credit, and a mismatch of farmer’s needs.
2
 

Fertilizer subsidies have also been shown to crowd out private fertilizer retailers, which 

                                                           
1 Changes of conditions for rice growing in large-scale irrigation scheme include the liberalization of rice markets for both 

inputs and output and the change of management system in these schemes from state management to community 

management. 
2
 For example, in Ethiopia, farmers applied less fertilizer despite the availability fertilizer credit program, which in some 

areas was delivered after planting time (Spielman et al., 2010) 
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lower the access to fertilizer by farmers (Morris et al., 2007; Ricker-Gilbert et al., 2010; 

Spielman et al., 2010; Matsumoto and Yamano, 2011). 

The failure of government-led credit programs to adequately reach small-scale 

producers in the rural areas in SSA created opportunities for private sector participants to 

enter the rural credit markets and provide much needed credit to farmers. The entry of 

private sector participants in rural credit markets in Asia led to the development of 

interlinked credit contracts, such as those between rice traders or millers and rice farmers, 

which were aimed at lowering the cost of transaction and risks associated with informal 

lending (Nagarajan, David and Meyer, 1992). While such contracts became common in 

Asia, they are rarely used in SSA, where rice traders and rice millers do not lend credit to 

farmers. In Asia, informal credit such as that advanced by rice traders or rice millers was 

found to increase input use such as fertilizer and MVs, and informal lenders were willing to 

lend more money when the credit contract was interlinked to output(Bell, Srinivasan, and 

Udry 1997). 

Markets in SSA are believed not to function properly. However, the liberalization of 

both input and output markets in SSA has resulted in the entry of private sector participants 

to take advantage of the opportunities that were created by the exit from agriculture markets 

of the public sector agents (Kherallah, et al. 2002). However, input and output markets in 

SSA face challenges that affect their efficiency such as, poor road infrastructure, 

uncertainties in agricultural production, and unequal access to markets by different market 

participants (Minten, 1999; Moser, Barrett, and Minten, 2009). Functioning markets are 

important to increase the use of technology as low output prices discourage farmers from 

applying fertilizer because the revenue from farming may not be sufficient to cover the cost 
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of fertilizers (Crawford, et al. 2003; Matsumoto and Yamano, 2011). Improving road 

infrastructure could improve market access and strengthen competition among output 

buyers leading to better and competitive prices for farmers for their output as well as lower 

the transportation costs for inputs.  

1.2. Objectives of the thesis 
 

Based on the above discussions, this thesis has two major objectives. First, we 

investigate the conditions for successful rice farming in a large-scale irrigation scheme in 

SSA. Second, we examine the role of access to credit on rice farming in a large-scale 

irrigation scheme in SSA. To achieve our objectives, the thesis combines two sets of data. 

The first is a unique dataset collected by the author in Mwea Irrigation Scheme (MIS), 

Kenya. Rice is exclusively grown in MIS, and the scheme produces approximately 80% of 

the rice produced in Kenya. The scheme was managed by a state agency until 1999, when 

its management was transferred to farmers following reforms in the irrigation laws. Our 

analysis of rice farming in MIS is suitable for our purpose because unlike other large-scale 

irrigation schemes in SSA, the quality of irrigation facilities is also very good and farmers 

in MIS apply high amounts of fertilizer and are able to achieve high yields. Yields in MIS 

are higher than those achieved in Asia after the Green Revolution. For the second dataset, 

we use data reported by David and Otsuka (1994) and Nakano et al. (2011). We obtain data 

for irrigated areas in Asia that were collected using intensive and extensive surveys in the 

late 1980s from David and Otsuka, (1994), and data for large-scale irrigation schemes in 

SSA were extracted from Nakano et al., (2011). The Green Revolution in Asia started from 

irrigated areas before spreading to other ecological zones. We, therefore, compare MIS 
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with other large-scale irrigation schemes in SSA and irrigated areas in Asia to provide 

valuable lessons on successful rice farming in large-scale irrigation schemes which can be 

crucial in improving rice production in SSA. 

To our knowledge, no study has analysed the impact of access to credit on rice 

farming performance in a large-scale irrigation scheme in SSA. To examine such an 

impact, we compare the rice farming performance measured in terms of the of value of 

output, income and residual profit for farmers in MIS who had borrowed from a 

cooperative society with those who received credit from rice traders and those who did not 

borrow. We use a two-stage model to account for the endogenous credit choice decisions. 

The findings from this study will help design policy changes that are necessary for 

successful rice farming in large-scale irrigation schemes. We will also show that the 

perceptions that in SSA, large-scale irrigation schemes fail, farmers do not use sufficient 

amounts of fertilizer and markets do not work properly are not true in all cases. Large-scale 

irrigation schemes can be a foundation of a rice Green Revolution in SSA similar to the 

Asian Green Revolution, and we hope that the lessons we draw in this study can encourage 

investments in irrigation in SSA. 

1.3. Organization of the study 
 

The rest of the thesis is organized as follows. Chapter 2 gives a brief history of rice 

farming in Kenya and a description of our study site and reviews the empirical literature on 

large-scale irrigation management, fertilizer use, and access to credit. Chapter 3 first 

compares the trends in rice farming between Asia and SSA, and then gives a description of 

the data used in this thesis. This is followed by an investigation into the differences in 
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yields, fertilizer, and labour use by comparing irrigated areas in Asia and SSA and finally, 

investigating the determinants of input use in MIS. Chapter 4 analyses the impact of access 

to credit on rice farming in large-scale irrigation scheme by comparing the farm 

performance measured by the value of output, income and residual profit for farmers who 

borrow from different sources with non borrowers. Chapter 5 concludes the study and 

discusses its implications. 
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2. Literature review and conceptual framework 

2.1. Introduction 

This chapter reviews the literature on large scale irrigation management, fertilizer 

use in SSA, and access to credit and develops a conceptual framework for the empirical 

analyses in the subsequent chapters. In section 2.2, we give a brief history of rice farming 

in Kenya and introduce our study area. In the first sub-section of section 2.3, we review the 

literature on large scale irrigation management and explain two key management systems 

found in large scale irrigation schemes. In the next sub-section, we discuss the reasons 

behind the limited access to credit and low fertilizer application in SSA. We then introduce 

the conceptual framework and hypothesis in the final subsection of this chapter. 

2.2. Brief History of Rice Farming in Kenya 
 

Agriculture is the backbone of Kenya’s economy, supporting about 80% of rural 

communities. Although the contribution of agriculture to gross domestic product(GDP) has 

declined from 40 percent in 1963 to only 22 percent in 2010, the sector continues to be a 

major contributor to economic growth, generating up to 60 percent of national income and 

employing about 70 per cent of the population (KNBS, 2012).  

Rice has become an important cereal for households in Kenya with the average 

annual consumption in the last decade increasing at 12%, compared to 1% for maize and 

4% for wheat, which are the traditional staple foods (MoA, 2008).The increase in rice 

demand was due to population growth and urbanization. The annual population growth rate 

in Kenya stands at 2.1% (KNBS, 2009). About 80% of the rice produced in Kenya is 
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produced in irrigated ecosystems in large-scale irrigation schemes.
3
 Nevertheless, rice 

production in Kenya has been much lower than consumption, although yields in irrigated 

areas are much higher.
4
 This is because the area under rice cultivation has not changed 

much because the irrigation area has not expanded over the years, and the uptake of upland 

rice is still slow in Kenya. The deficit in production has been met through imports. Imports 

as a percentage of rice consumed rose from 27% in 1990 to 39% in 2000, and by 2008 

Kenya was importing 80% of its domestic rice consumption, valued at 78 million USD 

(USDA, 2011). This study focuses on the rice production in the oldest and largest among 

the four major irrigation schemes based on river and gravity systems for growing rice in 

Kenya. 

Study site 

Mwea Irrigation Scheme (MIS) was established in 1954 and currently has 

approximately 12,000 ha solely under rice cultivation, producing approximately 80% of the 

paddy rice produced in Kenya. The scheme is divided into five sections: Mwea covering 

1,300 ha, Tebere 1,400 ha, Thiba 1,200 ha, Karaba 1,100 ha and Wamumu 1,200 ha.
5
  Each 

section is further divided into units, and in total there are 59 units in the scheme. The 

government retains ownership of the land in the irrigation scheme with farmers being 

allocated land with transferable use rights. Farmers were initially allocated four one-acre 

parcels of land per household (1.6 ha), but some farmers have since bequeathed land (use 

                                                           
3There are four rice growing large-scale irrigation schemes and one private large scale farm growing rice under irrigation 

in Kenya. Three of these irrigation schemes and the private farm are located in the western region of the country and one 

scheme is in the central region of the country. 
4 The yield in specific irrigation schemes such as Mwea was 5.3 ton/ha in 2011(MoA, 2012) 
5In the development of the MIS, Mwea and Tebere were the first established sections. The scheme then expanded to 

Thiba, Wamumu and Karaba sections in that order. There is an out-grower section covering 2300 ha where irrigation 

infrastructure has not been developed. Farmers in this section use water drained from the main scheme. This section is not 

covered in our analysis 



10 
 

rights) to their offspring. Currently there are approximately 3,500 farming households 

living within the scheme. 

The MIS was managed by the state through an agency, the National Irrigation Board 

(NIB), until 1999. During this period, the NIB was in charge of irrigation management, rice 

production and marketing. The NIB provided farmers with inputs such as seed, fertilizers, 

other chemical inputs, and farm machinery services. In addition, its field agents provided 

necessary knowledge about rice production to farmers through regular field inspections. 

Farmers had to strictly adhere to a one crop per season per year cropping calendar which 

ran through from June to November. After harvesting, farmers were allocated a quota of the 

harvest for their own consumption and the remaining harvest would be delivered to the 

NIB. Farmers would then receive the revenue from the NIB after it deducted the cost of 

inputs and irrigation fees from the sale revenue of rice.  

In 1999, the government reformed the irrigation laws that saw rice farming in the 

large scale irrigation schemes liberalized. Farmers were now in charge of their own 

production and marketing decisions as well as irrigation management through a water users' 

association (WUA), while the NIB retained the role of carrying out operations and 

maintenance of the irrigation infrastructure for which farmers paid an annual irrigation fee. 

Liberalization also allowed the entry of input retailers, rice traders, and rice millers into the 

market. Table 2.1 shows the distribution of rice millers by year of establishment and town 

centres in MIS. Before 2000, only thirteen percent of the rice mills were in operation. These 

millers mainly milled paddy for home consumption as much of the harvested paddy was 

delivered to the NIB. However, after 2000, the number of rice millers increased 
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dramatically following the liberalization of the rice output market.
6
Farmers now have 

alternative sources of inputs and a diverse output market, in contrast to the previous 

practice where the NIB supplied all the inputs and was the sole buyer of paddy.  

Under the community management, farmers started leasing out land for which they 

had transferable use rights. In our interviews with farmers, we established that majority of 

the lessees were children of the original settler who did not have land. The major reasons 

for leasing out land was the lack of capital for rice farming, and to raise money required by 

the household for instance, for medical emergencies, school fees, and sometimes to pay off 

household debts particularly farmers who had very huge debts. The nature of the land 

market was that although a lessee could lease in the same parcel of land from the same 

farmer for several seasons, the rent payable was negotiated at the beginning of each season. 

Sale of use rights is not common in Mwea irrigation scheme and farmers are unable to use 

their use rights as collateral for loans from the formal credit markets.  

Farmers also altered the cropping calendar and could now have a ratoon crop.
7
The 

ratoon crop takes a shorter time to mature and requires smaller amounts of inputs, thereby 

providing extra benefits to farmers. However, only farmers who plant basmati variety can 

have a ratoon crop.
8
For this reason, we focus our analysis on the main crop only in this 

                                                           
6In MIS, rice millers specialize in rice milling only, while rice traders buy paddy from farmers, mill and sell milled rice to 

consumers. To attract rice traders to their mills, rice millers offer incentives such as free storage. Milling fees are 

competitive in MIS. Rice millers are able to mill different quality for milled rice as they have installed separators, de-

stoners, and polishers in their mills. Rice traders are also able to distinguish the quality of paddy and use direct 

observation and moisture meters when buying paddy from farmers, and offer different prices depending on the quality of 

paddy. 
7 For the ratoon crop, farmers cut the rice stalks at the base once they harvest the main crop after which they flood the 

fields. A new crop sprouts from the stump and we refer to this as the ratoon crop. 
8 It is estimated that about 80% of farmers grow basmati variety in MIS. Approximately half of the farmers in our survey 

had a ratoon crop in the 2010/2011 cropping season 
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study, while the analysis dealing with the ratoon crop will be carried out in appendix 1 in 

chapter four. 

2.3. Literature review 

2.3.1. Large scale irrigation 
 

The significance of irrigation in improving rice productivity is widely recognized. 

In Asia, the extensive use of irrigation laid the foundation for the rice Green Revolution. 

Irrigation influences rice productivity directly through the availability of water and 

indirectly through influencing the farmer’s incentive to use complementary inputs such as 

fertilizer and  through the potential for an additional crop, though this impact can be 

reduced when water is inadequate (Wickham et al., 1978). Irrigation management is crucial 

to the performance on an irrigation scheme to ensure timely and sufficient availability of 

water for farmers. 

A large-scale river and gravity irrigation scheme has two key properties of common 

property resources, i.e. the resource (irrigation water) can be exhausted, and it is difficult 

although not impossible to exclude potential beneficiaries even when they do not pay for its 

use.
9

The management thereby faces the following challenges: prevent misuse or 

overexploitation of water since it is exhaustible (appropriation problem), and prevent free-

riding and ensure that all beneficiaries who use the irrigation contribute to the maintenance 

of the irrigation infrastructure (provision problem) (Ostrom, 1990). Hardin (1968) proposed 

the conversion of common property resources to state or private ownership to avoid these 

problems. However, large scale irrigation projects are expensive to construct and cannot be 

                                                           
9Common Property Resources can be defined as a natural or human-made resource system, the size and characteristics of 

which make it costly, but not impossible, to exclude potential beneficiaries from obtaining benefits from using the 

resources such as a large-scale irrigation scheme. 

http://en.wikipedia.org/wiki/Natural_resource
http://en.wikipedia.org/wiki/Human
http://en.wikipedia.org/wiki/Resource_(economics)
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owned by private individuals. State management of irrigation schemes, however, has been 

shown to be ineffective (Ostrom, 1990; Meinzen-Dick et al., 2002; Fujiie and Hayami, 

2005; Hayami and Godo, 2005).These studies show that the state was unsuccessful in 

preventing free riding because of weak work incentives of state employees, lack of practical 

enforcement means, and difficulty in getting grassroots information. On the other hand, 

users were found to not only have a comparative advantage over the state in monitoring the 

resource use, but were more efficient in providing grassroots information such as the timing 

and coordination of water use among farmers and preventing the misuse of the resource 

which they had greater incentive to take care of over time. 

Promoting community institutions that enhance cooperation and collective action 

has become a significant feature of farmers’ collective action on irrigation management. 

Cooperation is required to develop regulations for these institutions to succeed, as they 

should clearly define rights of use, fines on the breach of use, misuse or abuse, who 

enforces the rules, and how maintenance is carried out. In the absence of cooperation it is 

difficult to enforce these rules. Previous studies have shown that farmers will raise their 

“voice” to demand appropriate reform actions (Ostrom, 1990; Hayami and Kikuchi, 2000). 

If the voice is ignored by the management, farmers will look for an exit strategy. In the 

absence of an exit strategy, the voice escalates to violent protests and possible bloodshed to 

force cooperation that would lead to the establishment of rules and their effective 

enforcement in irrigation schemes.
10

 

                                                           
10 For examples see Ostrom (1990), Hayami and Kikuchi (2000) and Kajisa, Palanisami and Sakurai (2007) 
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In SSA, state management of large-scale irrigation scheme was shown to be 

inefficient. This led to reforms that changed the conditions for rice growing in large-scale 

irrigation schemes in SSA. The office du Niger irrigation scheme in Mali is now recognised 

as a success story where the reforms which included the change of management from state 

management to community management, improved the collective action for farmers and led 

to an increase in rice production (Aw and Diemer 2005).
11

In MIS, the NIB's management 

suffered several shortcomings that were consistent with the experience in large irrigation 

schemes in Asia (Hayami and Kikuchi, 2000; Fujiie and Hayami, 2005).Under NIB’s 

management, water distribution was not efficient and farmers committed moral hazard such 

as the overexploitation of water by head users (Abdullahi et al, 2003). In addition, farmers 

were unhappy with the NIB’s role in rice marketing as returns to rice farming for farmers 

were very low because the price of paddy offered by NIB was far below the market price. 

Farmer raised their “voice” which escalated to violent protests as farmers revolted against 

NIB's management. This led to reforms in the irrigation laws that included the change from 

state management to community management and the liberalization of rice farming in 

1999. 

2.3.2. Access to credit and fertilizer application 

The lack of access to credit has been cited as a major constraint in adopting new 

technologies as many small scale farmers do not have adequate liquidity to cover the cost 

of higher yielding variety seeds and chemical fertilizer (Christen and Pearce 2006; Duflo, 

Kremer and Robinson 2010; Matsumoto and Yamano 2011). The limited access to credit 

                                                           
11Reforms in Mali included the change of scheme management from state management to community management as well 

as liberalizing the rice markets 
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for farmers in SSA became worse with the failure of government-led credit programs in 

rural credit markets, which suffered from political and social interference, poor targeting, 

poor repayment rates and had a crowding-out effect for private sector credit lenders 

(Nagarajan and Meyer, 2005). Private-sector initiatives were initiated to fill the gap, or 

sometimes complement the existing efforts in the supply of credit in rural areas. Among 

these, credit cooperatives became popular because they had the potential to reach many 

small farmers, especially those who lacked access to credit from agricultural development 

banks and commercial banks mainly because the sizes of their loans were considered 

excessively small (Huppi and Feder, 1990).  

However, previous studies have found mixed results on the performance of credit 

cooperatives (Huppi and Feder, 1990; Conning and Udry, 2007). Credit cooperatives face 

moral hazard problems which areexacerbated by the failure of the cooperative’s 

management to penalise defaulters. When the cooperative is operated by its members, 

social connections and personal interests can create conflict of interest. For example, the 

management may fail to enforce repayments from friends or relatives. Therefore, hiring 

qualified personnel to operate the cooperative becomes essential especially in enforcing 

loan contracts (Huppi and Feder, 1990; Vogel, 1988). In addition, when members of a 

cooperative are engaged in similar activities (for instance farming the same crop), their loan 

portfolio may suffer from a lack of diversification, thereby exposing them to liquidity 

bottlenecks in case of crop failure (Conning and Udry, 2007). To overcome these 

difficulties, previous studies suggest that credit cooperatives must be effective in preventing 
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members who do not repay their loan from accessing services from the cooperative and 

should hire qualified personnel to operate the cooperative on their behalf. 

Although single purpose cooperatives were found to perform better than multi-

purpose cooperatives12, the latter has several advantages over the former. For example, 

borrowers can receive many services at the same place, while the lender can acquire 

invaluable information about the creditworthiness of borrowers because loan repayments 

can be linked to revenues from crop sales. However, promoting several services at the same 

time, as in the case of a multi-purpose cooperative, is likely to strain the management 

capacity of the cooperative. Multi-purpose cooperatives were found to excel when farmers 

dealt in an export crop where the cooperative was the farmer’s only outlet (Von Pischke, 

1983). We extend the literature by examining whether the same success can be registered 

where farmers engage in a crop that is marketed domestically and where the cooperative is 

not the only market channel.  

It is widely believed that informal credit such as that offered by shop keepers, 

traders, landlords or informal money lenders is used for consumption smoothing rather than 

investment because it is usually expensive, smaller in size and short term (Bardhan, 1980; 

Adams and Von Pischke, 1992; Khandker and Faruqee, 2003). Farmers, whose loans are 

small or short term, benefit from informal credit which is better suited for such credit 

contracts. Moreover, these farmers may lack access to formal credit because small and 

short term loans are considered unsuitable for formal loans (Adams and Von Pischke, 

1992). Formal credit markets mitigate the information asymmetry problems by screening 

                                                           
12A single-purpose cooperative is mainly concerned with only one activity, while a multi-purpose cooperative offers a 

wide variety of services to their members such as the supply of farm inputs, marketing and financial services. 
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customers. In the screening process, farmers who are willing to repay credit once loaned 

but cannot provide collateral or pass other screening requirements, are rationed from 

accessing formal sources of credit.  On the other hand, informal money lenders collect 

personal and production information about their prospective debtors which they use for 

screening purposes. The money lender must incur cost in collecting such information and 

enforcing it. When a money lender has many lenders, his costs for screening and 

enforcement of contracts are lower. Therefore, the high interest rates are also a result of 

externalities created by money lenders or the loss of scale economies (Siamwalla et al., 

1990; Hoff and Stiglitz, 1997). 

Informal credit has other attractive features such as flexibility in lending, low 

transaction costs, immediate payouts, and it is collateral free. These features were shown to 

be important in rural credit markets in Asia. Informal money lenders in Asia became 

important for rice farmers who demanded credit to acquire modern agricultural 

technologies but lacked collateral that was necessary to acquire formal loans in the 

Philippines (Nagarajan, David and Meyer, 1992). Flexibility in lending and timely payouts 

enabled informal credit to perform an important role in facilitating the purchase of inputs 

such as fertilizer and seeds in Bangladesh (Khandker and Faruqee, 2003). 

Fertilizer use remains critically low in SSA due to the following reasons: (1) the 

high level of fertilizer prices relative to crop prices, (2) low and highly volatile crop yields, 

(3) dysfunctional fertilizer markets due to weak and dispersed demand, inadequate transport 

infrastructure and small market size (Morris et al., 2007), and (4) the high cost and limited 

access to credit which discourages many small-scale farmers who do not have adequate 

liquidity to cover the cost of chemical fertilizer and high-yielding variety seeds (Rashid, 
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Sharma, and Zeller, 2004; Christen and Pearce, 2005; Morris et al., 2007; Duflo, Kremer, 

and Robinson, 2010; Matsumoto and Yamano, 2011).  

Several empirical studies have analysed rice farming in large scale irrigation 

schemes in SSA (Kajisa and Payongayong, 2011; Nakano et al., 2011; Nakano and Kajisa, 

2011; Nakano and Otsuka, 2011).These studies find that the availability of water and use of 

chemical fertilizer are crucial to attain high rice yields. Additionally, they find that access 

to credit increases fertilizer use. However, these studies have not analysed the impact of 

access to credit on the value of output, income, and profit from rice farming in these 

schemes. We extend the existing literature by investigating the role of different types of 

credit accessed by farmers on rice farming and compare the farm performance measured in 

terms of value of output, income and profit for these farmers.  

2.3.3. Conceptual framework 
 

The evolutionary process of rice farming in MIS may be explained best by a simple 

schematic diagram shown in Figure 2.1. Our main argument is that the high yields in MIS 

were as a result of good irrigation management and the availability of credit, which was 

used to purchase inputs such as chemical fertilizer. Household characteristics and the 

collective action by farmers in the scheme affect the irrigation management. Factor and 

product markets responded to opportunities that were created by the exit of the NIB from 

rice markets and the high rice production by farmers. 

Our basic hypothesis regarding this process is that the high yields in MIS were 

sustained by functioning markets and improvements in supportive institutions i.e. the 

availability of credit and proper irrigation management. We argue that the evolutionary 
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process in of the Green Revolution MIS is similar to the Asian experience in that 

institutions responded to opportunities that are created, i.e. factor and product markets 

responded to opportunities created by the exit of NIB from rice markets. To gain 

cooperation in collective action, farmers in MIS underwent a similar experience to that 

observed in Asia during the Green Revolution, and the community management of the 

scheme is more beneficial to farmers because of the inefficiencies of state management. 
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3. Comparison between rice farming in Asia and SSA 

3.1. Introduction 

In Chapter 1, we discussed how the demand for rice in SSA has increased in recent 

times due to population growth and urbanization. On the other hand, rice production in SSA 

has remained below demand, and rice yields have been largely stagnant despite the huge 

potential for improvement. Increases in production stemmed mainly from area expansion. 

For instance, between 2001 and 2005, rice production grew by 5.8% on average annually 

whereas the area under rice cultivation grew by an annual average growth rate of 3.3% with 

yields growing at-1.1% on average annually over the same period (WARDA, 2008)
13

.  

Before the Green Revolution began in the late 1960s, most Asian countries had 

reached the peak of their rice production frontiers. There was limited land available for 

increasing rice production. Thus, increases in rice yields became the main source of growth 

for rice production during the Green Revolution. Fertilizer-responsive, high-yielding 

modern rice varieties were adopted by farmers in Asia, in irrigated and favourably rainfed 

areas at the beginning before spreading to other areas, and this improved land and labour 

productivity (David and Otsuka, 1994). The Asian Rice Green Revolution experience 

therefore offers an opportunity for SSA to learn and adopt appropriate strategies that were 

successfully implemented to realise the rice Green Revolution.  

To draw lessons from the Asian Green Revolution experience, we compare the 

trends of rice production in Asia and SSA. We then select large-scale rice growing 

irrigation schemes in SSA and compare them to selected irrigated areas in Asia. Our study 

                                                           
13

The rice yields provided here constitute an average of all rice-growing ecologies. Due to the dominance of upland rice 

which has substantially lower yields, we must interpret the figures provide with caution (WARDA, 2008). 
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takes advantage of several case studies from both Asia and SSA, and this provides us with a 

wider base for comparison. The irrigated areas in SSA can be thought of as being at similar 

stages with those in Asia during the Green Revolution although the data was collected at 

different time periods. We find significant differences in yield and input use when we make 

an average comparison between SSA and Asia, but an in-depth comparison of the large-

scale irrigation schemes in SSA and irrigated areas in Asia reveals important similarities 

between the irrigated areas in the two regions. We highlight the key pillars of the rice 

Green Revolution in Asia that can be replicated in SSA. 

The rest of this Chapter is organized as follows. Section 3.2 compares the trends in 

yields between Asia and SSA. Section 3.3 describes the differences in input use between 

Asia and SSA. Section 3.4 discusses the determinants of input choices in MIS in Kenya. 

Section 3.5 summarizes the main findings of this chapter. 

3.2. Yield Comparison between Asia and SSA 

 

Table 3.1 shows rice production statistics in 2010 for countries in Asia and Africa in 

2010. Total rice produced in Asia was far much higher than SSA. Although yields in SSA 

countries were lower on average, some SSA countries achieved yields that were 

comparable to yields attained in Asia. Table 3.2 shows the distribution of rice area by 

environment in Asia and SSA. A larger proportion of rice produced in SSA was produced 

in rainfed conditions. Share of irrigated rice area in SSA was low due to the low 

development of irrigation infrastructure as a result of poor performance of irrigation 

projects in the past (Inocencio et al., 2007). The share of irrigated land under rice 
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cultivation was higher following investments in irrigation development after the Green 

Revolution. 

In the early 1960s, the level of rice yields between countries in Asia and SSA were 

not very much different, although the quantity of rice produced differed significantly. 

Figure 3.1 shows the total rice production in selected countries in Asia and SSA between 

1960 and 2010. We observe that the total rice production in Asia has been increasing from 

the mid-1960s and early 1970s in Indonesia, Bangladesh, Thailand, and Philippines.  

Dramatic increases in rice production in SSA are observed much later, in the 1980s, for a 

few countries such as Mali and Tanzania. Small increases in total rice production are 

observed  in Burkina Faso, Senegal, Kenya, Niger and Uganda.  

Figure 3.2 shows that in the selected countries in Asia and SSA, rice yields were 

fairly constant and did not change drastically before 1970. However, from 1970 to 2010, a 

steady increase in yields is observed for all the selected Asian countries. On the other hand, 

yields for SSA countries were either very volatile or stagnant between 1960 and 2010. For 

instance, large rice producing countries in West Africa such as Mali, Senegal and Cote 

d'Ivoire had very volatile yields while in Tanzania and Uganda, rice yields were fairly 

stagnant over time.  

Figure 3.3 shows the total area under rice cultivation in Asia and SSA between 1960 

and 2010.In Asia, the area under rice cultivation increased slightly in Indonesia and 

Thailand but remained fairly constant in Bangladesh, Nepal, Pakistan, and Philippines. 

Mali, Côte d'Ivoire and Tanzania register large increases in the area under rice cultivation 

in SSA. The area under rice cultivation was fairly constant for Burkina Faso, Niger, Kenya, 

Senegal, and Uganda.  Figures 3.2 and 3.3 help us trace out the sources of increase in total 
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rice production over this period. In Asia, the increase in rice production was mostly as a 

result of increases in yields following the Green Revolution, which started in the mid-

1960s. In contrast, increases in rice production in SSA can be attributed to an increase in 

the area under rice cultivation rather than an increase in rice yields. 

The Green Revolution in Asia started with the adoption of MVs that were highly 

responsive to the availability of water and fertilizer application (Estudillo, Fujimura and 

Hossain, 1999). The MVs were first adopted in irrigated and favourable rainfed areas 

before spreading to other areas (David and Otsuka, 1994). As a result of the increased 

adoption of MVs, the demand for fertilizer increased. Governments in Asia responded by 

implementing policies that ensured that prices of fertilizer remained affordable to farmers 

(David, 1976). The rice Green Revolution was sustained because newer MVs that were 

higher yielding were adopted to replace older MVs (Estudillo and Otsuka, 2006). At the 

same time, governments invested in the development of irrigation infrastructure because 

MVs responded to both the availability of water and the application of fertilizer (Hayami 

and Kikuchi, 1978; David and Otsuka, 1994). Figure 3.4 shows the total fertilizer 

consumption in Asia and SSA between 1960 and 2005. Fertilizer consumption in Asian 

countries increased steadily from around 1970 to 2005, although dramatic increases are 

seen in Indonesia, Thailand, Bangladesh, Pakistan and Philippinesin the 1980s. On the 

other hand, fertilizer consumption in SSA was very low as many countries were consuming 

less than 50,000 tonnes annually on average. In Niger, Tanzania and Uganda, the amount of 

fertilizer consumed did not change very much between 1960 and 2005. In Mali, it increased 

gradually from the late 1960s before a period of uncertainity in the late 1990s and early 

2000s that was characterised by sharp increases and declines in fertilizer consumption 
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baheaviour. In Cote d'Ivoire, fertilizer consumption increased in the 1970s, before declining 

in the 1980s and increasing from the mid-1980s to the late 1990s and early 2000s. In 

Senegal, fertilizer consumption increased in the early 1970s then declined in the late 1970s, 

and remained fairly stagnant until the late 1990s when it started to increase.  

Most countries in SSA are net importers of fertilizer. As such the price of fertilizer 

can be adversely affected by the exchange rate regime adapted by the government is not 

favourable. In West African countries i.e. Burkina Faso, Mali, Niger, and Senegal farmers 

enjoyed fartilizer subsidies, and as a result, farmers in these countries face low fertilizer 

prices. In Kenya, there were no subsidies for fertilizer following liberalization of fertilizer 

trade, and the government maintained a flexible exchange rate regime. Following the 

liberalization of fertilizer market in the early 1990s, demand for fertilizer grew significantly 

in Kenya. This spurred on the growth of fertilizer retailers as the market became more 

intergrated. Farmers in Kenya did not therefore suffer from the exchange rate regim, a fact 

confirmed by studies that showed that the prices of fertilizer were not higher than in other 

countries (Freeman and Kaguongo, 2003; Omamo and Mose, 2003).  

Figure 3.5 compares the relationship between total fertilizer consumption and rice 

yields in Bangladesh, Pakistan, Kenya, and Uganda between 1960 and 2005. In Panel (A), 

there is a dramatic increase in rice yields inPakistanin 1966, and yields grew steadily after 

that. In both Pakistan and Bangladesh, total fertilizer comsumption per ha did not improve 

much before 1965. However, it gradually increased between 1966 and 1975, and increased 

dramatically after 1975 in both countries.  In Bangladesh, yields grew gradually from 

around 1970 to 1990, and increased sharply after 1990. In Panel (B), Uganda’s annual 

fertilizer consumption was below 0.5 kg/ha on average between 1980 and 1995, but it 
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increased sharply after 1990 to reach 2 kg/ha. Although yields increased from 0.5 ton/ha to 

1.5ton/ha from 1960 to 2005, they remained constant for long periods in between. In 

Kenya, total fertilizer consumption was much higher at 30kgs/ha between 1996 and 2003. 

Yields were high at an average of about 4t/ha annually between this period although yields 

fell in the mid-1980s and early 1990s.  In Kenya, most of the rice is grown under irrigation 

and farmers apply ample amounts of fertilizer, and this has contributed to the high yields 

seen in the country. 

An average comparison shows the significant differences between the trends in rice 

production in Asia and SSA. First, the improvement in yields has been the driving factor of 

increases in rice production in Asia. For example, yield increased after the Green 

Revolution in Bangladesh and Pakistan. This was accompanied by increases in amounts of 

fertilizer used. In SSA, the increase in area under rice cultivation has been the major 

driving factor behind increases in rice production. However, this in different in Kenya, 

where the land under rice cultivation has not changed significantly but rice yield is high. 

Second, amount of fertilizer used is very low in SSA, and total fertilizer consumption is 

very volatile. In Kenya, fertilizer consumption is higher than in many parts of SSA, and the 

relationship between the amount of fertilizer applied and rice yield is similar to that of 

Asian countries. In Asia, farmers apply sufficient amounts of fertilizer and attain high rice 

yield, and there is a definite positive relationship between the amounts of fertilizer applied 

and rice yield as observed in Bangladesh and Pakistan.  

Despite the low performance, SSA has great potential for improving rice 

production. Limited growth in rice yields has been attributed toa large share of rainfed rice 

production systems (Balasubramanian, et al., 2007), and the low utilization of chemical 
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fertilizers (Sakurai, 2006). SSA has lagged in investments in irrigation infrastructure 

mainly as a result of poor irrigation policies and strategies characterized by high 

investments costs, a lack of ownership by users, and poor maintenance of irrigation 

infrastructure (FAO-AQUASTAT, 2005). Recent studies have shown that rice performance 

in irrigation schemes in SSA can be as high as those in irrigated areas in Asia during the 

Green Revolution (Nakano et al., 2011).  High yields have been recorded in irrigated areas 

in Kenya and Senegal. Therefore, there is need to compare irrigated areas in SSA and Asia.  

We have two major hypotheses regarding these comparative analyses: 

Hypothesis 3.1: There will be no major difference in the relationship between fertilizer use 

and yields in irrigated areas in Asia and large-scale irrigation schemes in SSA. 

Both Asia and SSA are endowed with huge populations, with the population in SSA 

growing at a faster rate than that of Asia. In Asia, it was feared that the adoption of MVs 

would result in a huge demand for labour changing technologies as wages rose in the farm 

sector. This was shown not to be the case, as previous studies found that labour saving 

technologies were used in irrigated areas because this technology was best suited for such 

environs (Otsuka, Gascon and Asano, 1994).  A general comparison on labour used in rice 

farming between Asia and SSA would reveal that farmers in Asia used less labour because 

there is more area under irrigation in Asia than in SSA. But we expect to find similarities 

when we compare irrigated areas in Asia and SSA. However, there could be differences in 

the wage rate paid to workers. We hypothesize that:  

Hypothesis 3.2: Significant differences in the amount of labour used are as a result of 

labour-capital substitution between the two regions. 
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We expect to highlight the similarities and differences between the two regions and identify 

the areas for improvement towards attaining a rice Green Revolution in SSA. 

3.3. Factors behind differences in yields 

 

In this section, we compare rice farming in irrigated areas in SSA with those in 

Asia. We hypothesize that the irrigated areas in SSA are at similar stages with those in Asia 

during the Green Revolution although the data were collected at different time periods. We 

compare input use, yields, and the benefits and costs of rice farming between these two 

regions, and draw key lessons for attaining a rice Green Revolution in SSA. 

3.3.1. Data 

 

The data used in this study came from a household survey in the Mwea Irrigation 

Scheme conducted by the author in February and March 2011. We randomly selected seven 

units in each section for a total of 36 units (out of 59 units).
14

We then randomly selected a 

feeder canal in each unit. Next, we used the list of registered farmers in MIS to randomly 

select eight farmers along each feeder canal and interviewed them
15

. If a feeder canal had 

fewer than eight farmers, we interviewed all the farmers along that feeder canal. We 

collected data on a farmer's parcel of land or randomly selected two parcels where a farmer 

had cultivated more than one parcel. In total, we collected data on 406 plots from 245 

households. Table 3.3 presents the distribution of the sample households by section in MIS. 

The number of farmers in the sample and the size of land they cultivated were not so 

different across sections. We interviewed the farmer using structured questionnaires about 

                                                           
14 We selected all units in Karaba section because two units shared the same feeder canal. 
15 NIB maintains records of farmers who have been allocated land in the scheme. 
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their rice farming practices for the 2010/2011 cropping season including questions to elicit 

information on: (1) household demographics and non-farm occupation, (2) characteristic of 

land holdings, (3) input and output for rice, (4) access to credit and (5) agricultural assets 

held.  

To make our analysis complete, we use data reported by David and Otsuka (1994) 

and Nakano et al. (2011). We obtain data for irrigated areas in Asia that were collected 

using intensive and extensive surveys in the late 1980s from David and Otsuka (1994). 

Data for large scale irrigation schemes in SSA were extracted from Nakano et al., (2011). 

We have data from Philippines (Central Luzon, 1986), Indonesia (Lampung province, 

1987), Thailand (Suphan Buri province, 1987), Bangladesh (various parts of the country, 

1987), Nepal (Tarai areas of Chitwan and Sarlahi districts, 1987), India (River-delta canal 

area of Tamil Nadu region, 1987), Uganda (Doho irrigation scheme, 2007), Mozambique 

(Chokwe irrigation scheme, 2007), Burkina Faso (Barge Irrigation scheme, 2005-06),  Mali 

(N'Debougou irrigation scheme, 2005-06), Niger (Say2 irrigation scheme, 2005-06), and 

Senegal  (Senegal River Valley, 2005-06).The data for Philippines and Indonesia are for the 

wet season only. 

Table 3.4 shows the characteristics of the irrigated areas in Asia and SSA. Mwea, 

Doho, Chokwe, Barge and N'Debougou irrigation schemes, use a gravity system from 

either a river or a dam. Say2 and Senegal River Valley irrigation schemes use an electrical 

pumping system to pump water from the river. Mwea and Doho irrigation schemes are 

managed by the community, while Chokwe, Barge, N'Debougou, Say2 and Senegal River 

Valley irrigation schemes are managed by state agencies. Farmers in Say2 and Senegal 

River Valley irrigation schemes benefit from fertilizer subsidy programs offered by the 
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government, while those in Barge and N'Debougou irrigation schemes benefit from subsidy 

programs offered by NGOs. In Mwea, Doho, and Chokwe irrigation schemes, there are no 

fertilizer subsidies. Farmers in MIS can obtain credit from a farmer's cooperative society 

and rice traders, while large scale farmers in Chokwe irrigation scheme can benefit from a 

credit program that targets them. In N'Debougou irrigation scheme, farmers receive 

fertilizer credit from the farmer's organization which receives support from officers from 

the office du Niger (a state agency) to purchase fertilizer in bulk. Farmers in Senegal River 

Valley can access credit from an agricultural bank and private micro finance institutions. 

Farmers in Doho and Say2 irrigation schemes have larger portions of land under 

rice cultivation. Farm sizes in Mwea, Chokwe, Barge, N'Debougou, and Senegal River 

Valley irrigation schemes were not very different from each other. In Asia, farmers in 

Bangladesh and Indonesia have the smallest land sizes. The land sizes in Philippines, 

Thailand, Nepal and India were not very different.  Mwea had the smallest household size 

among large-scale irrigation schemes in SSA. Farmers in Barge, N'Debougou, Say2 and 

Senegal River Valley irrigation schemes had larger household sizes which were likely the 

result of polygamy, which is widely practiced in this region. In Asia, Indonesia, Thailand 

and Nepal had larger household sizes, while India had the smallest household size. 

Across regions, farm sizes in Asia and SSA were not very different from each other 

with the exception of Doho and Say2 (which had the largest farm sizes on average), and 

Bangladesh and Indonesia (which had the smallest farm sizes on average). Household sizes 

in large-scale irrigation schemes in SSA were larger than those of irrigated areas in Asian 

countries.  



30 
 

3.3.2. Descriptive Analyses 

 

Fertilizer application 
 

To compare the amount of fertilizer applied in each area, we calculate the amount of 

primary nutrients measured in terms of nitrogen (N), phosphorus (P2O5), and potassium 

(K2O5) contained per kilogram of fertilizer. Using primary nutrients as a base for 

comparison is advantageous because farmers in different countries use different types of 

fertilizer. Similarly, we calculate the price of fertilizer as the price paid per kilogram of 

NPK. 

Table 3.5 (a) shows the comparison of yields, input use and input prices between 

large scale irrigation schemes in SSA. Mwea and Senegal River Valley irrigation schemes 

have the highest yields among large scale irrigation schemes in SSA. In Mwea, farmers use 

improved Basmati and BW196 rice varieties
16

, while farmers in Senegal River Valley use 

MV3 rice varieties.
17

 In other large scale irrigation schemes, MVs have been adopted 

although the generation of MVs differs. For instance, farmers in Chokwe use MV1, those in 

Doho use MV1 and MV2, those in Say2 use MV1 and MV3, those in Barge use MV2 and 

MV3 and those in N'Debougou use MV3. This suggests that farmers in Doho and Chokwe 

                                                           
16

Basmati varieties were introduced from Pakistan, while the BW 196 variety was introduced from Sri-Lanka.  BW 196 

closely resembles the IRRI varieties in terms of yields. There is no certified rice seed in Mwea. The Basmati variety can 

be considered as improved traditional variety, while the BW196 variety can be considered as an MV3 variety. 

 
17

MV1 is the first generation of high-yielding modern varieties introduced by IRRI at the onset of the Green Revolution.  

The main feature was improvement in the yield potential of these varieties. MV2 is the second generation of high-yielding 

modern varieties. These varieties had better adaptation to environmental factors, for example resistance to lodging, 

suitable growth duration, greater resistance to insects and diseases, and greater tolerance for environmental stress. MV3 is 

the third generation of high-yielding modern varieties. There varieties had better and more effective use of water, 

fertilizer, pesticides and herbicides, and had closer spacing (Dalrymple, 1986). Popular rice varieties differ by country in 

SSA, and the classification of MVs is different from that of Asia. For example, in Cote d'Ivoire, Bouake 189 and WARDA 

varieties are the MVs used and can be compared to MV2 and MV3 based on year of release but are classified as recent 

MVs (Sakurai, 2006). In Chokwe irrigation scheme, ITA 312 which is the most popular and has its parental variety in 

Asia, can be regarded as MV1 (Kajisa and Payongayong, 2011). In Doho irrigation scheme, farmers use rice varieties that 

were introduced by a Chinese aid agency and cross bred with traditional varieties and can be regarded as MV1 and MV2 

(Nakano et. al., 2011). 
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are in the early stages of the Green Revolution, those in Barge are in the mid-stages of the 

Green Revolution and those in Mwea, Senegal River Valley, and Say2 are in the later 

stages of the Green Revolution. Yields are lowest in Chokwe, where the older generation of 

MVs was used, and are highest in Mwea and Senegal River Valley irrigation schemes.  

In Mwea and Senegal River Valley irrigation schemes, farmers apply high amounts 

of fertilizer. The high yields and fertilizer application in Mwea and Senegal River Valley 

irrigation schemes are consistent with the Green Revolution in Asia, where farmers adopted 

MVs that was responsive to water availability and fertilizer application. In Doho irrigation 

scheme, farmers used the least amount of fertilizer but were able to register high yields 

because MVs are still responsive to the availability of water. Low fertilizer use in Doho 

could be in part as a result of lack of support to farmers to purchase fertilizer as farmers had 

neither fertilizer subsidies nor fertilizer credit programs.  Rice yields in Doho could be 

much higher with the increased application of fertilizer. The fertilizer price relative to 

output price was highest in Chokwe followed by Doho irrigation scheme. In Chokwe, 

farmers who received credit were found to use more fertilizer (Kajisa and Payongayong, 

2011). The low fertilizer use in these irrigation schemes is consistent with the findings from 

previous studies which found the high price of fertilizer relative to output price and a lack 

of access to credit to be major constraints of fertilizer use in SSA (Rashid, Sharma, and 

Zeller, 2004; Christen and Pearce, 2005; Morris et al., 2007; Matsumoto and Yamano, 

2011).  

In Say2, and Senegal River Valley irrigation schemes, fertilizer prices relative to the 

output price was much lower and farmers in these schemes applied high amounts of 

fertilizer. Farmers in these schemes benefit from fertilizer subsidies offered by the 
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government and as a result were likely to pay lower prices for fertilizer. In N'Debougou and 

Barge irrigation schemes, farmers can benefit from small scale fertilizer subsidy programs 

run by NGOs. However, this was not enough to lower the price of fertilizer appreciably. In 

N'Debougou, the fertilizer price relative to output was much lower than in Barge because 

farmers in N'Debougou were able to obtain fertilizer credit from their association, which 

purchased fertilizer in bulk and distributed to their members. This is similar to Mwea where 

farmers who received fertilizer credit from the farmers' cooperative faced lower fertilizer 

prices due to scale economies of procurement and distribution of fertilizer. Fertilizer 

demand by small scale farmers was thought to be small and dispersed (Morris et al., 2007). 

This finding suggests that by pooling the demand for small scale farmers using farmers 

organizations, farmers will have more bargaining power when purchasing fertilizer thereby 

getting the best price, and the cost of transportation and distribution of fertilizer for 

fertilizer retailers is likely to be lower when delivering bulk purchases to one organization 

compared to distributing to many remote market outlets.  

Table 3.5 (b) shows the comparison of yields, input use and input prices between 

irrigated areas in Asia. All areas are in advanced stages of the Green Revolution. Yields 

vary across different countries. The irrigated areas of Chitwan & Sarlahi Districts of Nepal 

have the lowest yields. Similarly, the amount of fertilizer used in these areas was the lowest 

among the irrigated areas in Asia. The low fertilizer use and lower yield observed in this 

region suggest that although MVs were adopted, the intensity of adoption was low. The 

quality of irrigation was also found to be low in these areas and further constrained the 

adoption of MVs and yields (Upadhyaya and Thapa, 1994). High yields are observed in 

Central Luzon, Lampung province, Suphan Buri, and Tamil Nadu region. Fertilizer use is 
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high in Central Luzon, Lampung province, Bangladesh, and Tamil Nadu. Farmers in 

Lampung province applied the largest amounts of fertilizer largely because the MV 

adoption and percentage of rice under irrigation was higher in Lampung province than 

other irrigated areas in Asia (David and Otsuka, 1994). The price of fertilizer relative to 

output price was lowest in Lampung province, and highest in Central Luzon. However, 

farmers in Central Luzon still apply high amounts of fertilizer because the adoption of MVs 

is high, thereby generating higher demand for fertilizer.  

Figure 3.6 shows the relationship between rice yields and fertilizer used per ha in 

large-scale irrigation schemes in SSA and irrigated areas in Asia. To distinguish the two 

regions, we use hollow triangles to mark irrigated areas in SSA, and circles to mark 

irrigated areas in Asia. In both SSA and Asia, we find a positive relationship between 

fertilizer use and rice yields. In irrigated areas in Uganda, Tanzania, Mozambique and 

Nepal, fertilizer used per ha was low, and yields these areas were lower compared to those 

in other irrigated areas. In India, Indonesia, Philippines, Senegal and Kenya, fertilizer use 

per ha is high and is accompanied by high yields. Therefore, we cannot reject the 

hypothesis that the production functions in the irrigated areas of Asia and SSA are 

identical. In both regions, low rice yield is obtained in areas that use low amounts of 

fertilizer, and high rice yield in areas that use ample amounts of fertilizer. Moreover, the 

yields from the BW196 variety in Kenya, which was introduced from Sri-Lanka, are quite 

high (7.4 ton/ha). Superior high-yielding MVs have already been developed in Asia. In 

SSA, all high-yielding MVs were imported from Asian countries. The opportunity to 

transfer superior rice technology and adapt it to SSA conditions is feasible, given that both 

regions have similar production functions in irrigated areas and the impressive rice yield in 
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Kenya and Senegal demonstrates that successful rice farming in irrigated areas can be 

achieved in SSA. 

Figure 3.7 compares the relationship between fertilizer prices in terms of output 

prices and fertilizer use per ha. We find a negative relationship between the cost of fertilizer 

and the amount of fertilizer used for the irrigated areas in SSA and Asia. As explained 

earlier, farmers use less fertilizer when the price of fertilizer is high as in the case of Doho 

and Chokwe in SSA. This emphasizes the importance of both low fertilizer price and access 

to credit to enable farmers to purchase fertilizer, which is essential for high rice yields.  

In summary, the high yields observed in Central Luzon in Philippines, Lampung 

province of Indonesia, and Tamil Nadu in India are the result of good quality of irrigation 

and high use of fertilizer (David and Otsuka, 1994).  This was the trend in the Asian Green 

Revolution where higher yielding MVs that are responsive to the availability of water and 

application of fertilizer were adopted in irrigated areas. High yields were realized, and they 

were much higher where the quality of irrigation was good and farmers applied higher 

amounts of fertilizer. In SSA, areas with good quality of irrigation and where farmers 

applied high amounts of fertilizer such as Mwea experienced yields that were higher than 

those observed in Asia. Mwea is therefore a good example in SSA where Green Revolution 

has taken place in SSA. We therefore need to replicate the success of Mwea in other large-

scale irrigation schemes in SSA. 

Labour use 
 

In Table 3.5 (a), we find that the amount of labour used in man-days per ha in 

Mwea and Doho irrigation schemes were much higher than that used in Chokwe irrigation 

scheme. The percentage of hired labour in Chokwe was much lower than that of Mwea and 
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Doho. The wage rate relative to output was much higher in Chokwe compared to Mwea. It 

is likely that the high wage rate in Chokwe discouraged farmers from hiring more workers. 

Animals and tractors are used in Chokwe, and this suggests that some farmers sought to 

substitute labour for capital, but the price of capital inputs was also expensive in Chokwe 

compared to Mwea, where the use of capital input among farmers is high. In Doho, rice 

farming is labour intensive as farmers do not use capital inputs.  Larger household sizes in 

Doho and Chokwe suggest that farmer rely more on family labour compared to hired 

labour, but the larger farm sizes in Doho may force farmers to hire more workers as family 

labour may be insufficient. In Mwea, household sizes are much smaller. Farmers in Mwea 

used capital inputs and hired more workers in comparison with other large-scale schemes. 

This finding is consistent with similar findings in Asia by Otsuka, Gascon, and Asano 

(1994), and David and Otsuka (1994) who found that the adoption of MVs increased labour 

demand per ha. In N'Debougou irrigation scheme, a smaller percentage of households 

report to have hired labour in comparison to Bagre and Say2 irrigation schemes, even 

though the wage rate is lowest in N'Debougou. Farmers in N'Debougou have the largest 

household size among the irrigation schemes in SSA and it is likely that they relied more on 

family labour to work on their farms. Farmers in Bagre irrigation scheme face higher wage 

rates relative to output prices than farmers in Say2 irrigation schemes, and the percentage 

of farmers who report having hired labour is less in Barge than in Say2. However, more 

farmers in Say2 use more animal labour than those in Barge.  

From Table 3.5 (b) we see that farmers in irrigated areas of Bangladesh, Lampung 

province, Chitwan & Sarlahi Districts of Nepal, and Tamil Nadu, use large amounts of 

labour per ha. Farmers in irrigated areas of Suphan Buri in Thailand used the least amount 



36 
 

of labour per ha and hired the lowest percentage of workers in comparison to other irrigated 

areas in Asia. This was explained by the high wage rate relative to output. In addition, the 

utilization of labour saving technologies was highest in this region. The use of labour 

saving technologies is also high in Central Luzon and Tamil Nadu. In Central Luzon, 

Lampung province, Chitwan & Sarlahi Districts of Nepal, and Tamil Nadu, more than half 

of the labour used is hired. In these areas, farmers' used more hired labour as a result of the 

suitability of the environment for rice farming, and sharp peak-season demand for labour 

due to the shorter growing duration of MVs (David and Otsuka, 1994).  The daily wage in 

terms of kgs of paddy is lowest in Nepal and India.  

Table 3.6 compares the labour use and labour wage per activity in Asia and SSA. 

The amount of labour used for land preparation in Mwea was much higher compared to 

irrigated areas in Asia except for Nepal. In Mwea, farmers use human labour and animal 

input after the first round of rotavation by tractors to prepare the land for transplanting. This 

was the only activity where labour saving technologies were used in Mwea. Crop 

establishment, crop care and harvesting are highly labour intensive. The amount of labour 

used for crop establishment and crop care in the Philippines and Thailand are lower in 

comparison to other irrigated areas because farmers in these areas adopted labour saving 

technologies such as direct seeding, the use of herbicides and rotary weeders. The total 

amount of labour used and wages in terms of paddy in Mwea are comparable to low income 

countries in Asia such as Nepal and India. The non-adoption of labour saving technologies 

and lower price of labour relative to output explain the high amount of labour being used in 

Indonesia. 
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Figure 3.8 shows the relationship between yields and the total amount of labour 

used, and Figure 3.10 shows the relationship between yields and the percentage of hired 

labour. There is no clear relationship between yields and the total amount of labour used in 

irrigated areas in SSA and Asia. However, we observe a positive relationship between 

yields and the percentage of hired labour, which is similar in the irrigated areas of both 

Asia and SSA. High yields are a result of the adoption of MVs. The positive relationship 

between yields and the percentage of hired labour suggests that the adoption of MVs whose 

yields are higher, positively influenced farmers to hire more labour. The necessity could be 

due to peak-season demand for labour due to the shorter growth duration of MVs (David 

and Otsuka, 1994). This is consistent with the finding by Otsuka, Gascon, and Asano 

(1994), who found that the adoption of MVs increased the demand for labour without 

inducing the adoption of labour saving technologies. 

The relationship between the wage rate relative to output price and the amount of 

labour used is shown in Figure 3.9, while that of the wage rate relative to output price and 

percentage of hired labour is shown in Figure 3.11. We find a negative relationship between 

the amount of labour used and wage rate. Similarly, we find a negative relationship 

between the wage rate and the percentage of hired labour, which is similar in irrigated areas 

of both Asia and SSA. In Thailand, the high wage rates induced the demand for labour 

saving technologies. Similarly, high wage rates affected labour use negatively in Chokwe, 

although capital-labour substitution was constrained by the high cost of capital input 

(Kajisa and Payongayong, 2011).  
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Factor shares in rice farming 
 

Table 3.7 (a) shows the returns, costs, and share of factor payments relative to the 

gross value of output for large scale irrigation schemes in SSA. The gross value of output 

was highest in Mwea, in part because of high yields produced in Mwea and because traders 

in Mwea are able to differentiate the quality of paddy and offer higher prices for high 

quality paddy.18 In Chokwe irrigation scheme, the gross value of output was the lowest 

mainly because of low paddy prices. In Doho and Chokwe irrigation scheme, the returns to 

labour account for more than half of the gross value of output. This is because farmers in 

Doho irrigation scheme do not use any labour saving technologies. In Chokwe, the factor 

share of the returns to labour is high because of the high price of labour. This suggests that 

although some farmers were able to employ some labour saving technologies, labour was a 

major input because capital input was also expensive (Table 3.5(a)). Farmers face shortages 

in labour especially in peak periods and this resulted in high wage rates (Kajisa and 

Payongayong, 2011).  In Bagre, the factor share of current inputs is the largest suggesting 

that farmers used a lot of fertilizer.  MIS has the highest profit from rice farming mainly as 

a result of high paddy prices in Mwea. The level of profit in Chokwe and Barge were the 

lowest. This was because of the poor quality of irrigation that resulted in low yields and 

paddy prices in these areas (Kajisa and Payongayong, 2011; Nakano et al., 2011).  

Table 3.7 (b) shows the benefits and costs from rice farming in irrigated areas in 

Asia.  Differences in the gross value of output among the irrigated areas reflect the different 

paddy prices offered to farmers in those regions. The value of output was lowest in Nepal 

                                                           
18 We also note that the international price of rice was higher in 2011 compared to 2005-06 and 2007. However, even at 

the prevailing prices in these years, Mwea would still have a higher gross value of output because the yields were superior 

and the quality of paddy is good. 
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and highest in Bangladesh. The factor share of current inputs is lowest in Nepal because of 

low fertilizer application, and highest in Philippines as a result of the high application of 

fertilizer and the high price of fertilizer relative to output. The share of the cost of labour is 

highest among the inputs used in Indonesia, Nepal and India because farmers use a lot of 

labour in these countries. In Thailand, the factor share of the returns to labour was high 

because of the high cost of labour. In all the irrigated areas, we find that rice farming was 

profitable for farmers. 

In summary, the relationship between fertilizer use and yields is similar and positive 

in large-scale irrigation schemes in SSA and irrigated areas in Asia. The relationships 

between the wage rate and labour used, and the wage rate and the percentage of hired 

labour, are similar and negative in irrigated areas in both regions. We could not reject that 

irrigated areas in both SSA and Asia had similar production functions. However, we found 

that in Mwea, the price of fertilizer was lower, and farmers applied ample amounts and 

were able to obtain high rice yields. Similarly, Mwea had low wage rate relative to output 

and farmers used more hired labour in addition to capital input. This was very similar to the 

irrigated areas of Asia and much different from other large-scale irrigation scheme SSA, 

where farmers' faced high cost of labour and were not able to substitute labour for capital 

input, e.g. in Chokwe and Doho irrigation schemes. To identify the reasons behind the 

favourable input prices relative to output price in Mwea, we need to investigate the 

determinants of input use and highlight successful practices that can be transferred to other 

large-scale irrigation schemes in SSA.  
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3.4. Determinants of fertilizer and labour use in Mwea 
 

Having analyzed the trends in SSA and Asia, we are interested in finding out the 

determinants of input use in Mwea. Specifically, we estimate the input use functions for 

labour and fertilizer. 

3.4.1. Methodology of estimation 
 

Input choice decisions are endogenously determined within each household. 

Therefore, to identify the factors that influence the input choices, we estimate the reduced-

form input use functions for the amounts of fertilizer and labour used per ha in MIS. We 

use robust standard errors to correct for heteroskedasticity. These functions are expressed 

as follows: 

     
        

where    is the average amount of input used per ha for household i, i.e. the average amount 

of fertilizer nutrients used in kilograms per ha, the average amount of hired labour in man-

days per ha, and the average amount of family labour used in man-days per ha,   
  is a 

vector of explanatory variables, and    is the error term.  

We expect that if factor markets work perfectly, the level of input use is only 

determined by output and factor prices and other factors that influence the marginal returns 

to inputs such as the ability of a farmer. Factor endowments of inputs and wealth that a 

farmer has should not have a significant effect if the factor markets are working well.  

The explanatory variables included in the models consist of (1) the average distance 

of plots cultivated by the household from the intake of feeder canal in kilometres, (2) the 
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average time taken from the household to the plots in hours, (3) the total size of cultivated 

land by the household in ha, (4) the age of the household head, (5) two dummies for groups 

for water rotation (we have three groups, the third of which was the last to receive water 

and it is the base group), (6) the number of household members in working age group
19

, (7) 

the proportion of members in working age group who have completed primary education or 

higher, (8) the proportion of women in working age group, (9) the proportion of dependants 

in household, (10) a dummy for female head, (11) four location dummies (for the four 

sections, with Karaba section as the base), (12) a dummy for the ownership of irrigation 

pumps, (13) the value of assets owned in thousand Kenyan shillings, (14) the rental value 

of land in thousand Kenyan shillings (a proxy for the quality of land), (15) a dropout 

dummy
20

, (16) a dummy for farmers who started cultivating rice after 2000, and (17) a 

dummy for an original settler in the scheme. 

We include the rental value of land as a proxy for land quality, because land quality 

affects a farmer's input choice decision. For example, farmers who know that their land 

quality is good may use more inputs because they expect more output as a result, while 

those in poor quality lands may use less output because they are aware their land is not 

productive. We do not include factor prices because the data are collected in one area in 

one period. We therefore expect that households are facing similar factor prices. 

3.4.2. Regression Analysis 
 

We present the results of the reduced-form factor use functions in Table 3.8. The 

determinants for the amount of family used per ha are shown in Column (1). Water 

                                                           
19 A household member belongs to the working age group is he/she is between the ages of 16 and 64 years. 
20 A dropout is a farmer who belonged to the cooperative society in Mwea in 2000, but was not a member at the time of 

data collection. Dropping out was mainly a result of default in repayment of loan from the cooperative. 
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rationing affect the amount of family labour used, judging from the finding that households 

that were in the second group in the water rotation schedule were likely to use more family 

labour compared to households who were in the last group in the schedule. However, we 

found no evidence on the impact of the distance from the intake of the feeder canal on input 

use, and this suggests that the allocation of irrigation water is efficient to some extent. 

Households that had more asset holdings were also likely to use less family labour. It is 

likely that these households could afford to acquire labour-saving technologies that saved 

on the amount of labour that they used on their farms. On the other hand the quality of land 

was likely to induce farmers to supply more family labour. Farmers who dropped out of 

MRGM were likely to use less family labour. 

Households that cultivated more land were likely to hire more workers. On the other 

hand, the quality of land was likely to induce farmers to hire more labour. Farmers in 

Wamumu section were likely to hire fewer workers compared to farmers in Karaba section 

(base section). 

Farmers who were located further away from their farms were likely to use less 

fertilizer. This could be because being further away from their farms imposed additional 

costs of fertilizer application for these farmers.  Having more educated members in the 

household was positively correlated with fertilizer use. This is expected because education 

increases the ability of farmers to understand and use new technology such as the use of 

chemical fertilizer. Farmers in Wamumu section were likely to use more fertilizer. A higher 

quality of land was positively correlated with fertilizer use. 

We note that we found no evidence on the impact of the wealth variables in our 

model, i.e. the value of assets and ownership of irrigation pumps, on fertilizer use or hired 
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labour. Having more land was positively correlated with fertilizer use and hired labour, 

although the level of significance was low. These results suggest that the amount of these 

inputs used by farmers is not significantly different from each other regardless of their 

wealth endowment which is consistent with good access to credit for these farmers.  If 

access to credit is poor, then we expect that farmers who are less wealthy will be affected 

significantly. The hypothesis of good access to credit is further supported by the non 

significance of the drop out dummy, which represents farmers who would find themselves 

constrained in access to credit because they cannot access credit from the cooperative 

society.  

In summary, we find that farmers with good quality land were likely to apply more 

inputs on their farms. Though the coefficient for water rotation groups was significant 

thereby highlighting that those who received water last could be disadvantaged, non 

significance of the distance from the intake of the feeder canal suggests that irrigation 

management although not perfect, was working to some extent. The value of assets and 

irrigation pumps were insignificant for application of fertilizer and hired labour, while the 

size of cultivated land had a low significant level for application of fertilizer and hired 

labour. Additionally, the dummy variable for farmers who cannot access credit from the 

cooperative society was also insignificant for application of fertilizer and hired labour. 

These suggest that the credit markets are functioning to a significant extent. 

3.5. Conclusion 
 

There is consensus that modern inputs in particular fertilizer are key to improving 

agricultural productivity in SSA. However, farmers in SSA still use relatively lower 
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amounts of fertilizer compared to other regions. Rice productivity in Asia is much higher 

than SSA and availability of irrigation was crucially important for the rice Green 

Revolution in Asia. To assess the possibility of a rice green revolution that is similar to that 

of Asia, we make a comparison of large-scale irrigation schemes in SSA with irrigated 

areas in Asia with the aim of drawing key lessons for achieving a rice Green Revolution in 

SSA. 

We find that high prices of fertilizer discourage fertilizer use in SSA. Farmers in 

Mozambique, where the price of fertilizer relative to output price was high, used less 

fertilizer. Farmers in Doho, where there was no fertilizer subsidy or fertilizer credit 

program, similarly used less fertilizer. This is consistent with studies that have shown that 

lack of access to credit, and the high fertilizer price relative to output constrained the 

demand of fertilizer by farmers (Morris et al., 2007).  However, we find that fertilizer price 

in MIS was low and farmers used ample amounts of fertilizer. Additionally, farmers in MIS 

faced low wage rate relative to output price, and used sufficient amount of labour and 

capital input to attain high rice yields. Based on these, we investigated the determinants of 

inputs use in MIS. 

We find that the wealth variables including farm size were not significantly 

correlated with fertilizer application from our regression analyses. This suggests that the 

access to credit in Mwea is equally good regardless of wealth endowment.  This finding 

makes Mwea unique in SSA because there are few case studies where farmer have good 

access to credit, which enables them use high amounts of fertilizer and achieve high yields. 

Further investigation on the role of access to credit is required to elaborate this finding. 
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In Asia, the adoption of MVs increased the demand for fertilizer. Good quality of 

irrigation and the application of fertilizer were required to attain higher yields. In Mwea, 

the quality of irrigation is good, and farmers apply more fertilizer and achieved higher 

yields. Mwea therefore provides us with a good example to replicate in other rice growing 

large-scale irrigation scheme. We note that high fertilizer use has been achieved in Mwea 

without the use of fertilizer subsidies. Farmers in Mwea benefit from credit offered through 

a farmer's cooperative and rice traders. This was similar to farmers in N'Debougou who 

have a similar organization and benefit from technical support from officers of a state 

agency. We therefore need to understand the role played by the farmers' organization and 

rice traders in the provision of credit to rice farmers in Mwea. In the next chapter, we 

investigate the role of credit in rice farming in Mwea.   

 



46 
 

4. Role of Access to Credit on the Rice Green Revolution in Sub Saharan 

Africa: The Case of Mwea Irrigation Scheme in Kenya 

4.1. Introduction 

In the previous chapter, we compared the trends in rice yields between irrigated 

areas in Asia and large-scale irrigation schemes in SSA. We found a positive relationship 

between yields and fertilizer use, and a negative relationship between the price of fertilizer 

relative to output price and fertilizer use in both Asia and SSA. We indicated that the high 

level of fertilizer prices relative to crop prices and the high cost and limited access to credit 

are some of the major reasons why fertilizer use remains critically low in SSA. In MIS, we 

found that the fertilizer price relative to output was low compared to other irrigated areas in 

SSA and Asia, and an investigation into the determinants of input use in Mwea finds that 

wealth endowment does not have much significant impact on fertilizer use. These findings 

suggest that most farmers in Mwea were likely to have good access to credit. In this 

section, we examine the impact of access to credit on rice farming in MIS.  We examine the 

determinants of choice and the amounts of credit for farmers in MIS.  The empirical 

question that we try to address is how the choice and amounts of credit decisions affect rice 

farming performance. 

To answer this question, we examine the impact of access to credit on the value of 

output, income, and profit from rice farming, using a household level data set collected in 

2011 in MIS in Kenya. We divide farmers into four categories based on their source of 

borrowing in the 2010/2011 cropping season: (1) those who did not borrow (non-

borrowers), (2) those who borrowed from a farmer’s cooperative society, (3) those who 

borrowed from rice traders, and (4) those who borrowed from both the MRGM and rice 
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traders. This allows us to explore the effects of different types of credit on farm 

performance, while accounting for each farmer's endogenous credit choice decision. We 

use a two-stage model for our analysis where we explore the determinants of the choice and 

the amount of credit in the first stage, and investigate the impact of credit on farm 

performance in the second stage. It is expected that our analysis will contribute to the 

existing literature on the viability of a rice Green Revolution in SSA, and the impact of 

access to credit on rice farming in large scale irrigation schemes.  

The rest of this chapter is organized as follows. Section 4.2 gives a brief explanation 

about the evolution of credit markets in MIS. Section 4.3 introduces the testable 

hypotheses, and we discuss the methodology of estimation in Section 4.4. We present the 

findings from the descriptive and the regression analysis in Section 4.5 and summarize the 

major findings in this chapter in Section 4.6. 

4.2. Evolution of the credit market in Mwea Irrigation Scheme 

 

Under state management, all farmers were provided with input credit from the NIB. 

The NIB was able to sustain this monopoly in the provision of inputs because farmers were 

not allowed to purchase inputs from other sources. The NIB, which was subsidized by the 

government, was able to procure fertilizer in bulk, and distribute it to farmers. Since the 

NIB also controlled the marketing of paddy, it would recover the cost of inputs from the 

sale of paddy. The NIB also provided services such as the loaning of tractor to farmers.  

Under the community's management, a farmer's cooperative society, Mwea Rice 

Growers Multi Purpose Cooperative Society (MRGM) that was previously established as a 
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savings and credit cooperative, was expanded to a multi-purpose credit society and took 

over the role of supplying farm inputs on credit from the NIB. All farmers who were 

farming rice in 2000 were absorbed as members of the MRGM and had access to input 

credit. Farmers who received credit were required to deliver paddy to the MRGM after 

harvesting, similar to the system that was in place under the NIB management. The 

departure from the previous practice was that they were only required to deliver paddy that 

would be enough to cover their cost of credit and could sell the remaining harvest to any 

buyer of their choice including the MRGM.  

This new system faced potential challenges. First, farmers were not paid 

immediately after delivery because the MRGM needed time to collect paddy from all 

farmers, sell the rice and deduct the cost of credit that farmers owed. Second, there was a 

possibility for farmers to receive prices that were lower than the market price because of 

storage and post harvest management costs for paddy as well as administrative costs. Third, 

the MRGM was not subsidized and might not have had sufficient capacity to adequately 

play the role played by the NIB.
21

 

In 2000, the first year of operation under community irrigation management, some 

farmers did not deliver paddy to the MRGM after harvesting in that season despite the fact 

that these farmers received credit.
22

 Farmers who had delivered paddy to the MRGM in 

2000 were not paid on time, as was anticipated. This was because the MRGM management 

faced difficulties in managing the cooperative with the expanded mandate for the first time, 

                                                           
21 The NIB benefitted from yearly disbursement from the government. Therefore, they had enough resources to procure 

inputs on a large scale and cover their administrative costs. 
22 Farmers deliberately refused to deliver paddy to the MRGM after receiving credit despite prior agreement to do so 

between the farmers and the MRGM. This action constitutes moral hazard on the part of farmers. 
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difficulties that were compounded with moral hazard by some farmers. According to 

interviews with farmers, they received a higher payout for their paddy in comparison to 

what they used to receive from the NIB. Membership of farmers who did not repay what 

they owed to the MRGM was suspended. Meanwhile some farmers, who had the ability to 

finance their rice farming but were dissatisfied with the delayed payments, chose to stop 

receiving input credit from the MRGM. These farmers could acquire inputs from input 

retailers and sell their paddy to rice traders. To counter the problem of defaulting, the 

MRGM management put a requirement that farmers had to deliver paddy to the MRGM at 

the end of the previous season to access credit in the next season in addition to being a 

member. To fill the credit demand of farmers who could not access credit from the MRGM, 

rice traders started providing credit to farmers in the early 2000s. The number of farmers 

receiving credit from traders has been increasing since then. 

Another source of credit for farmers in the MIS is commercial banks. Our survey 

found that thirteen percent of farmers received loans from commercial banks and used 

most, if not all, of these loans outside of agricultural purpose
23

. Since we do not have data 

on how farmers apportioned loans from commercial banks, we omit borrowing from 

commercial banks for this analysis. We use the information on borrowing behaviours of 

four categories of farmers: those who did not borrow (non borrowers), those who borrowed 

                                                           
23 We noticed that the farmers who are borrowing from banks have larger number of dependents. We also found a 

negative correlation between the amount of bank loan and farm performance. These results suggest that bank loans might 

have mostly been utilized in non-farm activities.  



50 
 

from the MRGM, those who borrowed from rice traders, and those who borrowed from 

both the MRGM and traders. 
24

 

4.3. Hypothesis 
 

To assess the role of credit on farm performance in Mwea, we formulate two main 

testable hypotheses. The success of MRGM is based on their effectiveness to lock out 

members who default from accessing services from the cooperative. We have discussed in 

the previous section that the MRGM management countered the moral hazard from farmers 

by suspending membership for those who did not repay their debts. The MRGM also hired 

qualified personnel who report to the board of directors who are elected amongst members 

to run the cooperative. This ensures that there is no conflict of interest such as favours due 

to social connections. Additionally, the management stipulated that farmers have to be 

members and must have delivered paddy to the MRGM in the previous seasons in order to 

access input credit in the current season. The management then used information about land 

that a farmer has (use rights) to determine the amount of credit a farmer is eligible to 

receive
25

. The amount of credit is fixed per acre of land, in that a farmer gets three bags of 

fertilizer per acre of land
26

. A farmer can choose the type of fertilizer required but cannot 

get more than three bags of fertilizer per acre in total. A farmer must bear the transaction 

costs which can be regarded as fixed, when applying for loan from the MRGM each year. 

Therefore, we expect that farmers with more land will have lower transaction costs per ha. 

                                                           
24 It is plausible that households who received credit from both MRGM and traders had an excess demand for credit that 

was not satisfied by getting credit from one source.   

25The MRGM acquired records on land allocation to farmers from the NIB. 
26 In addition, a farmer gets two litres of chemical input (herbicides and pesticides), twenty kilograms of seed and services 

such as hiring of tractors. 
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These farmers would stand to benefit more from acquiring credit from the MRGM.  We, 

therefore, formulate the following hypothesis:  

Hypothesis4.1: Larger farmers are more likely to borrow from the MRGM because it is 

more profitable due to fixed costs associated with borrowing from the MRGM.  

A group of farmers were denied access to credit from the MRGM as a result of 

default in the past. These farmers may be handicapped in access to credit if there had been 

no other sources of credit available to them. Rice traders, therefore, filled an important gap 

for these farmers when they started providing credit. The contract agreed between the rice 

traders and farmers is such that the latter gets credit in cash and pays back in kind (paddy) 

at the end of the season. Although, credit from traders may not be an attractive option for 

farmers because it is expensive, it is an alternative for farmers who have been rationed from 

formal and cheaper sources (Bardhan, 1980). An empirical question is whether farmers who 

were denied access to credit from the MRGM as a result were made worse off significantly.   

We expect that farmers who obtained credit from traders were able to apply more 

inputs than they would have otherwise applied if they lacked credit. If the farm 

performance for farmers who received credit from traders is not inferior to that of farmers 

who received credit from MRGM, it would suggest that the credit from traders played a 

significant role in boosting farm performance for farmers who were denied access to credit 

from the MRGM. We therefore propose the following hypothesis: 

Hypothesis4.2a: Farmers who cannot access credit from the MRGM are compelled to 

borrow from traders to meet their credit requirements. 
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Further, we check whether households who borrowed from traders were made worse off 

significantly.  This is because if credit from traders made farmers significantly worse off 

because of high interest rates, then we expect that the demand for credit from traders would 

be very low. We learned from farmers during our interviews that there was increased 

demand from credit from traders after 2000, when rice traders started to provide credit. We 

propose an addendum null hypothesis that:  

Hypothesis4.2b: Although the interest rates charged by traders are much higher than those 

charged by MRGM, there will be no significant difference in  input application per ha as 

well as the value of production and profit per ha among borrowers from MRGM, 

borrowers from traders and non borrowers. 

4.4. Computation of Costs and Benefits 
 

We compare farm performance among the four categories of farmers: (1) those who 

received credit from MRGM, (2) those who received credit from traders, (3) those who 

received credit from both the MRGM and traders, and (4) non borrowers.  

We obtain the income from rice farming by deducting the paid-out costs from the 

value of output. The paid-out costs comprise of fertilizer costs, the cost of other chemical 

inputs purchased by the farmer, the rental price of capital such as hiring tractors and oxen 

ploughs, and wages paid out to hired labour. We then calculate the residual profit by 

deducting own costs from income. Own costs include the imputed cost of own capital for 

oxen ploughs obtained using the average rate of hiring oxen ploughs per acre, the imputed 

cost of self-supplied inputs such as manure calculated using the average price of these 
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inputs, and the imputed cost of family labour obtained using the average daily wage rate in 

MIS.  

We take into account that even though non-borrowers did not borrow, they still 

faced an opportunity cost for the capital they invested in rice farming. In our approach, we 

factor in the interest paid by farmers with the costs incurred for rice farming. We have three 

types of interest rates: (1) interest rates charged by traders, (2) interest rate charged by the 

MRGM, and (3) interest rates on bank deposits in Mwea. Interest rates on bank deposit are 

used for non borrowers as a proxy for the opportunity cost of capital, e.g. this is what they 

would have earned if they had deposited their money in a bank instead of investing in rice 

farming. We categorize the rice farming cropping calendar in three main periods. First, we 

have the planting and crop establishment period. During this time, farmers incur costs for 

land preparation, establishing the nurseries, and transplanting. Second, we have the crop-

care period, when the main activities are taking care of the crop through activities such as 

weeding and pest control. The last period is when harvesting is done. After harvesting, 

farmers can receive payment for their paddy. The time of payment depends on where the 

farmer sells his paddy. For instance, farmers who sell their paddy to rice traders can receive 

payment immediately, but farmers who sell to MRGM have to wait for several months to 

receive payment. Thus, we have to evaluate the costs and benefits at different points in time 

in terms of the value at a certain period by "discounting" using the appropriate interest rate. 

We evaluate the payments and cost at the time when MRGM members receive 

payments for all farmers. For simplicity in explanation, we assume two periods to illustrate 

this approach. In the first period a farmer incurs a cost, X, while in the second period he 
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receives revenue that is equal to his gross value of output, Y. The cost and benefits for the 

three categories of farmers is explained as follows: Non borrowers do not borrow their 

capital for rice farming but face an opportunity cost. If these farmers had saved their money 

in the bank for the same duration, it would have earned an interest,  .  We evaluate the cost 

and benefit for non borrowers in the same period when members of MRGM are also paid. 

Therefore we have: 

                   (1) 

where          is the value of output for non borrowers in the same period when farmers 

receive payment from MRGM,           is the cost incurred for two periods, the first 

period up to the time of harvesting and the second to the period when farmers receive 

payment from MRGM, and   is the bank deposit rate. 

For farmers who borrowed from traders, they pay an interest,    for the one period. The 

contract between traders and farmers is such that traders receive repayment for loans 

advanced in kind. Therefore, the interest rate and principal amount loaned is collected at the 

time of harvest. Take this as one period. We use the interest,  , to get the value of the costs 

incurred in the second period when farmers receive payment from the MRGM. We present 

their cost and benefit as follows: 

                       (2) 

where          is the value of output for farmers who borrowed from traders in the same 

period when farmers receive payment from MRGM, and              is the cost of 

inputs for farmers who borrow from traders at an interest rate   for one period, and we get 
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the present value for this cost in the same period when farmers from MRGM receive 

payment. 

For farmers who borrowed from MRGM, they pay an interest,  , for the period they have 

borrowed. These farmers deliver the paddy to the MRGM, who sell the paddy and deduct 

their loan and interest due and pay the residual to farmers. The interest,  , is collected when 

the payment to farmers is made. We present their costs and benefits as: 

             (3) 

Where    is the value of output for farmers who borrowed from MRGM, and         is 

the cost of inputs for farmers who borrow from the MRGM at an interest rate   for two 

periods, the first period is up to the time they harvest and the second period is when they 

wait for the payments to be made by the MRGM. 

 In actual computation, we break down the interest rates into monthly interest rates. 

As discussed in Chapter 2, the interest rate charged by traders is very high, sometimes up to 

100%.  In addition, we find that the bank deposit rate in Mwea is very low. Banks paid an 

annual interest rate of five percent for bank deposits at the time of data collection. In a 

competitive equilibrium, traders would charge an interest rate that is equal to the social cost 

of capital. Similarly, to make farmers indifferent from investing in rice farming or saving 

the money in a bank account, banks would pay the same rate for bank deposits. However, 

the social cost of capital is difficult to determine. The simple average of prevailing interest 

rates is not appropriate as it tends to be high because farmers borrowed relatively small 

amounts of loan at very high interest rates from traders compared to those who obtained 
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larger amounts of credit at lower interest rates from MRGM. The weighted average interest 

rate for all farmers is 19.05 percent per annum (1.5 percent per month). This is close to the 

annual average interest rate of twenty percent (1.53 percent per month) that was charged by 

commercial banks in Kenya for one year loans at the time of the survey. We estimate the 

costs and benefits assuming that traders and banks offered this hypothetical interest rate for 

credit and bank deposits respectively. 

4.5. Methodology 
 

Household characteristics can affect both the demand and supply for credit. Such a 

situation can lead to potential selection bias among households. For instance, rich farmers 

may not demand credit because they can use own funds for rice farming, while poor 

households may struggle to get loans since they cannot provide collateral. Unobserved 

household characteristics such as the ability of household members may also affect their 

credit decisions. Farmers who have higher ability may have a higher demand for credit than 

farmers with lower ability. Nevertheless, it could be that farmers are productive not because 

they obtained credit which is necessary to purchase inputs, but because they have higher 

ability and skill in rice farming and exerted more effort on their farms.  

We, therefore, estimate a two-stage model to account for endogeneity of choice of 

source and amount of credit. We use Tobit and OLS models in the first stage of the model 

to determine the factors affecting the credit decisions. The Tobit model would be 

appropriate because non-borrowing farmers have zero credit. In this case, OLS estimates 

could be biased downwards. A major weakness of the Tobit model, however, is that it relies 
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on strong normality assumption and it is also vulnerable to heteroskedasticity (Cameron 

and Trivedi, 2005). We try to overcome this weakness by using robust standard errors.  

We present the household's choice to receive credit from MRGM, or traders as follows: 

     
   

       
   

          
   

  , 
(4) 

where        
 
 is the amount of credit received for the i

th
 household from source j where 

j=1,2,3 for MRGM, traders, and both MRGM and traders, and is observed only when a 

household gets credit    
    and    is missing when a household is not borrowing   

  

 . 

We specify the latent variable as linear in regressors with an additive error, and take 

the error term to be homoskedastic and normally distributed such that; 

   
     

          , (5) 

where    
  is a vector of explanatory variables,    is an exclusion restriction that we include 

in the first stage regression for each equation and      is the error term.  

We use a dummy variable for a household head who is an original settler in MIS, a 

dummy variable for farmers who dropped out from the MRGM, and a dummy variable for 

farmers who started rice farming after 2000 as exclusion restrictions for the choice of 

getting credit from the MRGM, traders and both the MRGM and traders, respectively. We 

do not expect that being a settler will increase the yields of a farmer directly, but indirectly 

through the experience gained in rice farming over the years. The effect of the experience is 

captured by the age variable since older farmers are likely to be settler because there is little 
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migration of farmers into the scheme. A settler farmer has rice farming experience under 

both state management and farmer’s management. So he/she has good knowledge about the 

evolution of rice farming and management institutions within the scheme. The input credit 

system under the MRGM is similar to the input credit system that was in place under the 

NIB. We, therefore, expect that settler farmers who became accustomed to receiving input 

credit would continue to do so after the MRGM took over.  

Farmers who started rice farming after 2000 are likely to be the descendants of 

original settlers. We expect that many of them have more years of education and are likely 

to have been involved in non-farm employment prior to rice farming. In addition, they have 

knowledge about rice farming. We do not expect that farmers who acquired land and 

started farming after 2000 will affect yields directly, but we expect that their choice of input 

source may be different.  By utilizing their own capital on rice farming, the farmers have 

more flexibility for their input choice that they can buy from input retailers, for instance, 

they can change the variety of fertilizer used. For their credit requirements, they can choose 

to acquire credit from either the MRGM, traders or both based on their own evaluations 

about potential benefits. 

Farmers who dropped out of the MRGM cannot get credit unless they request to be 

readmitted through repaying debts owed, and deliver paddy to the MRGM prior to 

receiving input credit. Being a drop out does not affect the yields that a farmer expects to 

attain directly but through availability of credit if these farmers are rationed from credit. 

We expect that these farmers will prefer to borrow from rice traders to meet their credit 
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need, because they may find the process of being re-admitted and meeting the requirements 

set by the MRGM to be costly.  

The explanatory variables included in the model consist of (1) the average distance 

of plots cultivated by the household from intake of feeder canal in kilometres, (2) the 

average time taken from the household to the plots in hours, (3) the total size of cultivated 

land by the household in ha, (4) the number of farmers along a feeder canal where 

household plots are located, (5) the age of the household head, (6) two dummies for groups 

for water rotation (we have three groups, the third of which was the last to receive water 

and is the base group), (7) the number of household members in working age group
27

,(8) 

the proportion of household members in working age group who have completed primary 

education or higher, (9) the proportion of women in working age group, (10) the proportion 

of dependants in household, (11) a dummy for female head, (12) four location dummies 

(for the four sections, with Karaba section as the base), (13) a dummy for ownership of 

irrigation pumps, (14) the value of assets owned in thousand Kenyan shillings, (15)a 

dummy variable for farmers who started rice farming after 2000, and (16) the rental value 

of land in thousand Kenyan shillings as a proxy for the quality of land. 

In the second stage, we estimate the determinants of farm performance as follows: 

               , (6) 

where;    is the value of output, paid-out costs, imputed own costs, income, residual profit 

in thousand Kenyan shillings per ha for the i
th

 household,
28

    is a vector of explanatory 

                                                           
27 A household member belongs to the working age group if he/she is between the ages of 16 years to 64 years. 
28 Residual profit is calculated as the balance after deducting paid costs and imputed costs from the value of output 
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variables explained above,      is the predicted amount of credit received from the MRGM 

or traders by the i
th

 household, estimated from the first part of the model, and    is the error 

term. 

4.6. Results 

4.6.1. Descriptive analysis 

Table 4.1 shows the summary of household characteristics by source of borrowing. 

Farmers who borrow from the MRGM and those who borrow from both the MRGM and 

traders are older, and have longer years of experience in rice farming than those borrowing 

only from traders and non-borrowers. Farmers who were allocated land by the government 

prefer to borrow from MRGM. We expect that farmers who experienced rice farming under 

the NIB management were accustomed to getting input credit. These farmers favoured this 

practice and continued to receive input credit from the MRGM and used the MRGM as a 

marketing channel as well.  

Non-borrowing households have the highest percentage of educated members in the 

working age group, while households borrowing from traders have the lowest percentage of 

educated members in the working age group. Household heads from non-borrowing 

households and those who borrow from both the MRGM and traders were more likely to be 

engaged in non-farm jobs in comparison to those who borrow only from traders or MRGM. 

This is not surprising because education increases the likelihood of getting a non-farm job, 

and earnings from that job may be used to finance rice farming. Reardon (1997) made the 

similar argument using evidence from various countries in SSA.
29

 Households with a 

                                                           
29

 Reardon (1997) reviewed the labour market literature in seventeen SSA countries including Kenya. 
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higher percentage of working women are likely to borrow from traders, or both the MRGM 

and traders.  

Households who borrow from traders cultivated the smallest sizes of land in 

comparison to households who borrow from both the MRGM and traders and those who 

borrow only from the MRGM and non borrowers. Similarly, households who borrow from 

traders have the lowest level of assets, while those who borrow from both the MRGM and 

traders have the most assets. The leasing of land started after 2000 when the scheme was 

under community management. Usually, farmers in the MIS lease out land when they are 

unable to raise capital for rice farming. Lessees are usually second generation farmers 

(children of settlers) and rice traders. Land leases are usually for one year, and the land 

rental is negotiated between the leaser and lessee at the beginning of each season. Farmers 

who borrow from only traders and those who borrow from both the MRGM and traders had 

more incidence of leasing out land since 2000. This suggests that farmers who borrow from 

only traders and those that borrow from both the MRGM and traders were likely to face 

more credit constraints compared to non-borrowers and those who borrow only from the 

MRGM.  

Farmers who borrow from traders faced an interest rate that ranged from 30 percent 

per season to 100 percent per season. The mean interest rate for this category was 66 

percent per season. Farmers who borrowed larger amounts of money faced lower interest 

rates. Farmers, who borrowed from both traders and MRGM, had a narrower range for 

interest rate for credit borrowed from traders. The mean interest rate for this category was 
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56 percent. The weighted mean interest rate for credit borrowed from traders was 43 

percent. 

Over the past four seasons, we observe only small differences in average yields 

among the borrowing categories. Nevertheless, non-borrowers experienced the least yield 

variation during this period, while those who borrow from both the MRGM and traders 

experienced the greatest yield variation
30

. It is likely that the high uncertainty in rice 

production led to the higher demand for credit for this category to mitigate the effects of 

shocks in production.  

We present the distribution of membership to the MRGM and the source of 

borrowing by section in Table 4.2. Karaba section, followed by Thiba section, had the 

highest proportion of households who were members of the MRGM at the time of the 

survey. Mwea and Tebere sections had the highest rates of dropouts from the MRGM. 

Though three-fourths of the dropouts do not borrow from any source, the dropouts in 

Mwea, Tebere and Wamumu sections borrow from traders. Interestingly, we find that about 

six percent of the households that were eligible to get credit from the MRGM chose to get 

credit from traders instead. This could be due to the attractive features of informal credit 

such as timeliness, flexibility in lending and low transaction costs.  

We present the yields, value of production and input costs incurred for the main 

crop of the 2010/2011 cropping season in Table 4.3. We present the figures for the 

estimation of cost and benefits from rice farming using the hypothetical interest rate in 

                                                           
30The yield variation ratio is calculated as the difference between the maximum and minimum yield recorded over the 

period divided by the average 
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parentheses. There are some slight differences in yield per hectare between the categories, 

with farmers who borrow from traders having the least yield. These slight differences in 

yield between the categories are reflected in the value of output; however, the differences in 

the value of output across categories become smaller in the hypothetical case.  Farmers who 

borrow from traders have the lowest value of output, while those borrowing from both the 

MRGM and traders have the highest value of output.  

The costs of fertilizer and rental cost of capital are lower for households who access 

credit from MRGM compared to non-borrowers and those who access credit from traders 

for both the observed and hypothetical cases. This is consistent with our expectation that 

farmers who are members of credit cooperatives are able to benefit from scale economies. 

The cost of hired labour was lowest for non-borrowers and highest for those who borrow 

from both the MRGM and traders in the observed case but there was not much difference 

among those who borrow only from traders or the MRGM and non-borrowers in the 

hypothetical case. The cost of other inputs does not differ very much among those who 

borrow only from traders or the MRGM and non-borrowers, but is highest for those who 

borrow only from the MRGM and traders in both observed and the hypothetical case. This 

suggests that households who borrow from traders are able to apply amounts of input that 

are similar to non-borrowers and households borrowing from the MRGM. The difference in 

income and residual profit between farmers who borrow only from the MRGM and traders 

is much higher for the observed case. In the hypothetical case, the difference between 

farmers who borrow from MRGM and farmers who borrow from traders is significantly 

lower, a reduction of more than 50 percent. This is because the high interest rates charged 



64 
 

by traders reduce the residual profit for farmers, and the social interest rate which reflects 

the opportunity cost of capital lowers the interest payments made by farmers. In summary, 

accessing credit provided by traders helps farmers who do not have enough capital, to 

purchase required inputs and achieve high residual profit. When the interest charged by 

traders is much lower and equivalent to the social cost of capital, the residual profit is 

higher for farmers who borrow from traders and much closer to the residual profit attained 

by farmers who borrow from the MRGM and non-borrowers. 

4.6.2. Regression Analyses 

 

We present the OLS and Tobit estimation results for the first stage regressions in 

Table 4.4 which correspond to the determinants of credit from the MRGM and traders. The 

OLS estimates are in columns 1 to 3, while the estimates from the Tobit model are in 

columns 4to6. The results from both models were qualitatively not very different from each 

other. The size of cultivated land was positively correlated with the likelihood of accessing 

credit from MRGM and negatively correlated with accessing credit from traders. This result 

supports our Hypothesis 4.1 that larger farmers are likely to borrow from the MRGM due to 

the fixed costs associated with borrowing from the MRGM.  

As may be expected, dummy variable for farmers who dropped out from MRGM is 

positively correlated with borrowing from traders and negatively correlated to borrowing 

from the MRGM. This supports our Hypothesis 4.2a that farmers who could not access 

credit from the MRGM are compelled to borrow from traders, and therefore, may not be 

disadvantaged in credit access significantly because they could borrow from traders to meet 

their credit requirements.  
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Having more household members in working age group is positively correlated with 

borrowing from the MRGM. Having more people who can work on the farm increases the 

productivity of other inputs in rice farming, thereby creating higher demand for credit.  

Households with larger proportion of members in working age group who have attained 

primary education or higher were less likely to borrow from traders, and both the MRGM 

and traders. This is expected as education increases the likelihood of a non-farm job whose 

earnings may be used to provide the capital required for rice farming. Farmers in Mwea and 

Wamumu sections were more likely to borrow from traders, while those in Tebere and 

Wamumu sections were less likely to borrow for the MRGM. 

To check the robustness of our model, we estimated a multinomial-logit regression 

based on the four borrowing categories. The results of this estimation are presented in 

Table A4-1in the annex. The findings are similar and consistent with the findings from our 

previous models in table 4.4. 

Tables 4.5 to 4.7 present the estimation results for the second-stage model, i.e. 

factors affecting the farm performance for the observed case. In Table 4.5, we include the 

predicted amounts of credit per hectare received from the MRGM and traders using the 

OLS model in the first stage as explanatory variables, while in Table 4.6 we include the 

amounts predicted of credit using the Tobit model in the first stage.  

A higher quality of land, captured by its rental value, is positively correlated with 

value of output, incomes, costs and residual profit. This implies that farmers are aware of 

their land quality and apply inputs accordingly and obtain higher profits as a result.  
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The proportion of educated working age group members was negatively correlated 

with income and residual profit. We already found that households with higher proportion 

of educated working age groups members were less likely to borrow. It could be that since 

these households may be already working in nonfarm jobs, and cannot efficiently supervise 

work on their farms as desired leading to lower performance. Households that had more 

dependants were likely to achieve lower farm performance. This could be because having 

fewer workers within the household was likely to lower the productivity of other inputs. It 

could also be that having more dependants meant that fewer people available to work since 

they have to stay at home to take care of the dependants. 

The results obtained from the second stage regressions imply that farmers who 

borrow from traders are able to achieve profits that are not significantly different from 

farmers who borrow from the MRGM and non-borrowers. This is shown by the non-

significance of amounts borrowed from the MRGM, traders, and both the MRGM and 

traders in the profit equation. This supports our null Hypothesis 4.2b that value of output, 

income and profit for farmers who borrow from traders will not be significantly different 

from those of non-borrowers and farmers who borrow from the MRGM. As seen in Table 

4.3, the total paid out costs were significantly higher for farmers who borrow only from 

traders and both the MRGM and traders due to the high interest charged by traders. 

However, credit borrowed from traders was positively correlated to paid costs, while credit 

from both the MRGM and traders was positively correlated with own costs. This suggests 

that farmers who borrow from both the MRGM and traders worked more on their farms and 

used more of owned resources to offset the cost of paid inputs. 
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In Table 4.7, the results from the reduced form estimates show that the average time 

taken to the farm from the household is negatively correlated with the value of output, 

income, and residual profit from rice farming. Having more dependants in the household 

was negatively correlated with farm performance. The value of assets was positively 

correlated with value of output, income, and profit from rice farming, while the rental value 

of land was positively correlated with farm performance outcomes. Being a drop-out or a 

settler farmer does not affect the value of output, income, and residual profit. This is 

because farmers who dropped out from the MRGM were able to access credit from traders 

which they used to purchase inputs and achieve farm performance that was not significantly 

different from those who borrow from the MRGM and non-borrowers. This provides added 

support in favour of our null Hypothesis 4.2b.   

The results obtained from the hypothetical case are presented in Tables 4.8 - 4.10. 

In Table 4.8, we present the results using the predicted amount of credit using the OLS 

model in the first stage as explanatory variables, while the results using the predicted 

amount of credit from the Tobit model in the first stage are presented in Table 4.9. Table 

4.10 presents the reduced form estimates for the hypothetical case. The coefficients for the 

hypothetical case are bigger in absolute terms than the coefficients of the observed case. 

Additionally, some variables are become significant in the hypothetical case. The number 

of members in working age group is now negatively and significantly correlated with 

income and residual profit. The main variables of interest are, however, similar with the 

observed case, in that we do not find any statistically significant difference of the amount of 

credit borrowed from the MRGM and traders. In Table 4.3, we observed that the gap in 
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profit reduced significantly when we simulated a scenario where non-borrowers and 

borrowers from traders faced an interest rate that was equal to the social cost of capital. 

This suggests that in the observed case where the credit market is imperfect, the difference 

between the profit made by farmers who borrow from MRGM and those who borrow from 

traders is bigger largely as a result of the higher interest charged by traders.  In the 

estimation with the hypothetical interest rate, the difference in profit is much less. We find 

that credit from traders does not significantly affect their profit despite the fact that farmers 

who borrow from traders face higher paid costs as a result of the high interest charged. This 

suggests that credit provided by traders plays a crucial role in acquiring inputs. Once 

farmers acquire credit from traders, they are able to apply more inputs and achieve a 

favourable level of output.  

We re-estimated the same models while leaving out some variables e.g. the rental 

value of land to check for robustness of our estimation for both the observed and the 

hypothetical case. The results for this estimation are shown in Tables A4-2 to A4-8 in the 

annex. The findings are consistent with our earlier findings in Tables 4.5 to 4.10.  

4.7. Conclusion 

 
This chapter intended to examine the role of access to credit on farm performance, 

which is measured in terms of the value of output, income and profit from rice farming in 

large scale irrigation schemes in MIS in Kenya. The comparison between farmers receiving 

credit from traders, those receiving from MRGM, and non-borrowers reveals that farmers 

receiving credit from traders are not disadvantaged in farm performance, even though they 

pay high interest rates. Farmers who dropped from MRGM were able to access credit from 
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rice traders, thereby easing their credit constraints. This finding is similar to the case of 

Asia during the Green Revolution, where farmers who needed credit to acquire fertilizer 

and other purchased inputs but could not access formal credit due to lack of collateral, 

received credit from rice traders and were able to acquire necessary technology and 

recorded high rice yields (Nagarajan et al., 1992). 

The statistical analyses reveal that farmers who borrowed from MRGM had larger 

asset holdings and cultivated more land. Having more land made it profitable for these 

farmers to borrow from MRGM due to the fixed costs associated with borrowing from 

MRGM. More educated members within households reduced the likelihood of obtaining 

credit from traders or the MRGM because education increases the chance of getting a non-

farm job whose income could be used to finance rice farming. We do find that the cost of 

fertilizer and rental cost of capital is cheaper for farmers who accessed credit from MRGM, 

and farmers who borrow from traders incur higher paid costs. However, the differences in 

paid costs reduce considerably when we simulate the case using the social cost of capital. 

The value of output, income and profit were not significantly different between farmers 

who borrow from MRGM, those who borrow from traders and non-borrowers. This 

suggests that farmers, who access credit from traders, are able to apply amounts of input 

similar to farmers who access credit from MRGM and non-borrowers. As a result, the value 

of output, income and profit from rice farming were not significantly different among these 

categories. 

The findings have important implications for agriculture in SSA. Many researchers 

have inquired as to why farmers in SSA apply little chemical fertilizer. It has been shown 
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that high fertilizer prices relative to output price and the lack of credit have greatly 

contributed to this situation (Morris et al., 2007). However, this study shows that farmers in 

MIS were able to achieve high productivity as a result of the high utilization of chemical 

fertilizer. The supply of credit, especially that from traders played a significant role in 

helping farmers acquire fertilizer and other paid inputs, without which, they would not have 

achieved the high production observed in MIS. This highlights the role of informal credit in 

achieving a rice Green Revolution in SSA. 

The credit market in Mwea is undoubtedly imperfect. This creates an opportunity 

for policy makers to create incentives for lenders to lower the cost of credit to farmers. If 

farmers could borrow from traders at lower interest rates, there is a possibility of much 

higher returns from rice farming. 
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Appendix 1 

Impacts of a Ratoon Crop 

We evaluate the ratoon crop by investigating the impact of having a ratoon crop on 

the value of output, income and residual profit from rice farming, and comparing the farm 

performance outcome for farmers who had a ratoon crop and those who did not have in the 

cropping year 2010/2011.  

To estimate the impact of having a ratoon crop on the value of output, income and 

residual profit, we include a dummy for farmers who have ratoon in the model for 

estimating the determinants of farm performance outcomes. We account for the endogenous 

choice of having a ratoon crop using the treatment effect model, which accounts for the 

binary nature of our endogenous regressor. We have the following model: 

              

  
            

    
      

         
                 

  

 

where;    is the total value of output, total income, and total residual profit in thousand 

Kenyan shillings per ha for both the main crop and ratoon crop for the i
th

 household,    is a 

vector of explanatory variables explained above,    is a dummy variable for having a ratoon 

crop for the i
th

 household, which is equal to 1 if a household had a ratoon crop and 0 

otherwise,    is an instrument for having a ratoon crop, and  
 
 and   are the error terms. 



72 
 

The errors terms   
 
 and    are assumed to be bivariate normal with zero means and 

variance for 
 
   , variance of     , and the covariance              . 

We use dummy variables for whether the household had ratoon crop in the previous season, 

and the season before that as instruments for having a ratoon crop in the current season.  

Table A4-9 presents the first stage results based on the Probit model for the 

determinants of choice of having a ratoon crop or otherwise. In column 1, we present the 

results for the whole sample while in column 2 we present the results for the sub-sample of 

farmers who had planted basmati variety in 2011. Results for the full sample were similar 

to those of the sub-sample of farmers who had planted basmati variety. 

Availability of water was the most important factor affecting the choice whether or 

not to have a ratoon crop. The distance of the plot from the intake of the feeder canal was 

negatively correlated with the decision to have a ratoon crop. Farmers in group 1 and 2 in 

the water rotation schedule were more likely to have a ratoon crop compared to farmers in 

the last group. The rental value of land, a proxy for land quality, was positively correlated 

with the decision to have a ratoon crop. This suggests that farmers who had good quality of 

land were more likely to have a ratoon crop. We also find that households whose heads are 

female were less likely to have a ratoon crop, and the value of assets was positively 

correlated with having a ratoon crop. 

Table A4-10 presents the results for the impact of a ratoon crop on farm performance 

outcomes. Results in columns 1 - 3 are for the full sample, while those in columns 4 - 6 are 

for the sub-sample of farmers who planted basmati variety only. Our variable of interest is 
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the coefficient of ratoon dummy. Having a ratoon crop was positively and significantly 

correlated with the value of output for the full sample, and value of output and residual 

profit for the sub sample of farmers who planted basmati variety only. We note that yields 

for BW196 variety were impressively high, and even though farmers who plant this variety 

cannot have a ratoon crop, their profit was not significantly different from farmers who had 

a ratoon crop. In MIS, the price of BW196 was lower than that of basmati variety, but the 

difference is made up for by the high yields for theBW196 variety. In the subsample of 

farmers with basmati variety, having a ratoon crop significantly increases farm 

performance. 

We then compare the determinants of farm performance outcomes for farmers who 

have a ratoon crop and those without using an endogenous switching model which is define 

as follows: 

                                                              

                                                          

        
       

         
                  

       

  
         

Where    is the total value of output, total income and total residual profit for both the 

main crop and ratoon crop, for households with a ratoon crop (Z=1), and   isthe total value 

of output, total income and total residual profit for both the main crop and ratoon crop, for 

households that did not have a ratoon crop (Z=0). 
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The equation   
         determines whether a farmer has a ratoon crop or not. 

We assume that the error terms  1i,  0i, and  i have a trivariate normal distribution with 

a mean vector zero and a covariance matrix given by: 

   

  
   

      
  

       
 

  

The expected value for farm performance outcomes for farmers with a ratoon crop become: 

                 
                    

               

                            

                
      

      
  

Where  
      

      
  is the inverse mills ratio based on the first stage Probit model. For farmers 

who do not have a ratoon crop, the expected value for farm performance outcomes is: 
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Where  
      

        
  is the selection hazard ratio based on the first stage probit model. We 

substitute the inverse mills and hazard ratios in the second stage of the model. Under this 

formulation, although we only observe the outcomes for the decision that the household 

chooses i.e. to have a ratoon crop or not, hypothetically, we consider the possibility that the 

observed outcomes and the hypothetical outcomes that the household would have if it had 

made a different choice, would affect their decision (of having a ratoon crop or not).  

The log likelihood of the model is given as 

              
               

  

      
 

   
 

 
             

     

  
 
 

  

   

         
               

  

      
 

  

   

 
 

 
             

     

  
 
 

   

Where     
   

  
 for j= 0,1 and is the correlation coefficient between the selection 

equation and the outcome equation i.e. correlation between the error terms  1i and  i for 

farmers who have a ratoon crop, and  0i and  i for farmers who do not have a ratoon 

crop. 

We estimate this model using the movestay procedure by Lokshin and Sajaya (2004). 

Table A4-11 presents the results from the endogenous switching model. Column 1 

compares the determinants of the value of output, columns 2 compares the determinants of 
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incomes, while column 3 compares the residual profit, for farmers with and without a 

ratoon crop.  

The number of farmers along a feeder canal is positively correlated with the value of 

output for farmers with ratoon crop. This could be due to the fact that areas that had better 

water access in the scheme such as upstream areas, has longer feeder canals. The average 

time take to the plot is negatively correlated with the value of output and income for 

farmers who have a ratoon crop. This is because those who lived far away from their 

farmers incurred extra cost for inputs such as fertilizer.  

The proportion of women in working age group was negatively correlated with the 

value of output for households that did not have a ratoon crop. The proportion of 

dependants was negatively correlated with the value of output, income and residual profit 

for households that did not have a ratoon crop.  

Farmers, who did not have a ratoon crop in the first group for water allocation, 

attained a residual profit that was worse off than those in the last group. Farmers who had a 

ratoon crop in the second group, attained incomes and residual profit that was superior to 

those in the last group. Mwea section had lower farm performance outcomes in comparison 

to Karaba section (base section) for households that had a ratoon crop, while Wamumu 

section had lower farm performance outcomes in comparison to Karaba section (base 

section) for households that did not have a ratoon  crop. 

The asset holdings and rental value of land were positively correlated with farm 

performance outcomes for both farmers with, and without a ratoon crop. 
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The correlation coefficients, between the outcome equations and the selection 

equation are shown in the lower part of Table A4-11. The value of output for those with, 

and without a ratoon crop was positively but not significantly correlated with having a 

ratoon crop. However, the income and residual profit for those with, and without a ratoon 

crop were positively correlated with the decision to have a ratoon crop but were significant 

only for the correlation between income and residual profit for farmers with a ratoon crop. 

This implies that the mean income and residual profit for farmers with a ratoon crop were 

greater than the population average for farmers with ratoon crop in our sample. Similarly, 

the mean income and profit for farmers without a ratoon crop was not less or more than the 

population averages in the sample for households that did not have a ratoon crop. Hence, 

the model suggests that, if a household that did not have a ratoon crop choose to have a 

ratoon crop, they would attain better incomes and residual profits than those households 

who already have a ratoon crop. 
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5. Conclusion 

5.1. Introduction 
 

It is widely recognized that yields from irrigated areas are much higher than in any 

other ecological zone. The availability of irrigation was the most important factor in the 

Asian Green Revolution which started in the mid-1960s. However, investments in irrigation 

have remained low in SSA and this has been blamed for the poor past performance of large-

scale irrigation projects. Another challenge in the quest to attain high rice yields in SSA is 

the low utilization of chemical fertilizers. This is mainly a result of high fertilizer prices and 

high cost of, and limited access to credit for farmers in SSA. These two challenges must be 

resolved for SSA to drastically increase rice production and attain a Green Revolution that 

is similar to the Asian Green Revolution.  

Based on this background, this study developed two objectives. First, we 

investigated the conditions for successful rice farming in large-scale irrigation schemes in 

SSA. Second, we investigated the role of access to credit on rice farming in a large-scale 

irrigation scheme in SSA. We conducted an empirical analysis using two datasets to meet 

our objectives: (1) unique dataset collected by the author in Mwea irrigation scheme, and 

(2) we used comparative data based on household survey in Asia reported by David and 

Otsuka (1994) and in SSA compiled by Nakano et al. (2011). 

This chapter provides a summary of the main findings of this thesis, and draws the 

policy implications and issues for future research. 
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5.2. Summary of the dissertation 
 

Chapter 2 reviewed the existing literature on large-scale irrigation schemes, access 

to credit and fertilizer application. First, we explained that community management was 

better than state management and showed that MIS followed a similar pattern to achieve 

cooperation for collective action to the pattern observed in Asia. Second, we discussed the 

benefits and drawbacks of credit from credit cooperatives and informal credit such as that 

offered by traders. We then reviewed the literature on rice farming in large-scale irrigation 

schemes. Though the existing studies had shown that access to credit improved fertilizer 

use, they had not evaluated the impact of credit of farm performance. Thus, in order to 

investigate the impact of access to credit on rice farming, we argued that we have to 

compare the performance of farmers who have access to credit from different sources with 

non borrowers.  

In chapter 3, we compared large-scale irrigation schemes in SSA with irrigated 

areas in Asia. We found that in comparison to Asia, farmers in SSA used lower amounts of 

fertilizer. We found that this was mainly as a result of the high price of fertilizer relative to 

output price. Fertilizer use was also low in areas that did not support farmers to purchase 

fertilizer either in form of fertilizer subsidies or a credit programs. However, Mwea 

irrigation scheme stood out from the other schemes in SSA. The price of fertilizer 

compared to output price was lowest in SSA, and farmers used the highest amount of 

fertilizer. The amount of fertilizer used was comparable to fertilizer applied in irrigated 

areas in Asia.  In Mwea irrigation scheme, farmers did not benefit from subsidies but had a 

farmers' cooperative society where farmers could get fertilizer credit and at the same time 
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benefited from scale economies because the cooperative purchased fertilizer in bulk. 

Farmers who could not access credit from the cooperative were able to acquire credit from 

rice traders. While getting credit from rice traders is common for farmers in Asia, in SSA, 

this practise is unique to Mwea irrigation scheme. 

The average yield of rice in Asia is superior to that of SSA. However, we compared 

the irrigated areas in both regions and found that the relationship between rice yield and 

fertilizer use was positive for irrigated areas in both Asia and SSA. Farmers who used more 

fertilizer were able to attain higher yields. The relationship between fertilizer price relative 

to output and fertilizer use was negative for both areas. Farmers who faced lower fertilizer 

prices relative to output used more fertilizer per ha. The relationship between the wage rate 

relative to output and labour used was also negative in both regions. However, farmers in 

SSA used substantially more labour in comparison to farmers in Asia. The differences in 

the amounts of labour used per ha could be explained by the labour-capital substitution in 

Asia, where farmers adopted labour saving technologies, which were suited for irrigated 

ecologies, as a result of the high cost of labour.  

In addition, we investigated the determinants of input use in Mwea irrigation 

scheme. We found that the distance of the farmer's plot from the intake of the feeder canal 

did not affect input use. However, water rotation groups affected the use of family labour. 

This showed that there was still room for improvement in irrigation management. The 

wealth variables were not significantly correlated with fertilizer application from our 

regression analyses, and this suggested that the access to credit in Mwea was equally good 

regardless of wealth endowment. An important finding was that farmers with good quality 

of land applied more inputs. 
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In chapter 4, we investigated the role of access to credit on farm performance 

measured in terms of the value of output, income and residual profit for different categories 

of borrowers. The comparison between farmers receiving credit from traders, those 

receiving from MRGM, and non-borrowers revealed that farmers receiving credit from 

traders are not disadvantaged significantly in farm performance, even though they pay high 

interest rates. Farmers who dropped out from MRGM were able to access credit from rice 

traders, thereby easing their credit constraints.  

We found that farmers who borrowed from MRGM had larger asset holdings and 

cultivated more land. Having more land made it profitable for these farmers to borrow from 

MRGM due to the fixed costs associated with borrowing from MRGM. More educated 

members within households reduced the likelihood of obtaining credit from both the 

MRGM and traders presumably because education increases the chance of getting a non-

farm job whose income could be used to finance rice farming. 

The cost of fertilizer and the rental cost of capital were cheaper for farmers who 

accessed credit from MRGM, and farmers who borrow from traders incurred higher paid-

out costs. However, the differences in paid costs decrease considerably when we estimated 

costs and benefits using a hypothetical interest rate such as the social cost of capital, as the 

interest rate charged by traders and offered by banks as the rate for deposits. In the 

hypothetical case, the value of output, income and profit were not significantly different 

between farmers who borrow from MRGM, those who borrow from traders and non-

borrowers. This suggests that farmers, who access credit from traders, are able to apply 

amounts of input similar to farmers who access credit from MRGM and non-borrowers. As 
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a result the value of output, income and profit from rice farming were not significantly 

different among these categories. 

5.3. Policy implications and issues for future research 
 

The findings in this study have important implications for the development of 

agriculture in SSA. Our conclusion on the conditions for successful rice farming in large-

scale irrigation schemes in SSA is that, better quality of irrigation and access to credit were 

the reasons for success in Mwea. We therefore recommend that governments in SSA should 

invest in irrigation. This should be aimed at improving the quality of irrigation 

infrastructure, and also expand the area under irrigation. Reforms that ensure that 

beneficiary communities participate in the scheme's management should also be enacted.  

The price of fertilizer should be made affordable to farmers in SSA. This can be 

achieved through bulk purchases as the governments can offer support to farmers to form 

farmer organizations where they can purchase fertilizer in bulk and benefit from scale 

economies. The liberalization of markets also creates opportunities for private sector 

participants which they can take advantage of. Governments should also invest in transport 

infrastructure to lower transportation costs and increase market access. 

Many researchers have inquired as to why farmers in SSA apply little chemical 

fertilizer. It has been shown that high fertilizer prices relative to the output price and the 

lack of credit have greatly contributed to this situation (Morris et al., 2007). However, this 

study shows that farmers in Mwea irrigation scheme were able to achieve high productivity 

as a result of the high utilization of chemical fertilizer. If this success can be replicated in 
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many parts of SSA, demand for fertilizer would build up to justify investment in fertilizer 

production in SSA.   

The supply of credit, especially that from traders, played a significant role in 

helping farmers acquire fertilizer and other paid inputs, without which they would not have 

achieved the high production observed in Mwea irrigation scheme. This highlights the role 

of informal credit in achieving a rice Green Revolution in SSA. It is uncommon in SSA for 

rice traders to offer credit to farmers. The case in Mwea irrigation scheme is unique and 

closely resembles Asia, where traders were important for farmers who were locked out of 

formal sources of credit. However, even in Mwea the credit market is not perfect although 

it works to a certain extent. Support to rice traders in form of enforcing credit contracts, or 

provision of bank credit to traders would lead to cheaper for farmers. This is because high 

interest rates charged by traders represent the high risk that traders must undertake. 

Enforcing credit contracts would lead to lowering of this risk and we would expect that 

traders would charge lower interest rates. Providing traders with bank loans under certain 

conditions would enable them loan out money to more farmers. These conditions could 

include using traders stock of milled rice as collateral. Further, training on interlinked credit 

contracts would help traders develop lasting relationships with farmers who they provide 

credit to, and purchase output from. 

Our study shows that large-scale irrigation schemes are viable as an option for 

increasing rice production in SSA. However, as we do not carry out a cost benefit analysis, 

we cannot comment on the efficiency of investing in large-scale irrigation projects. The 

credit market responded in Mwea similar to the case of Asia during the Green Revolution. 

Many SSA countries also face similar challenges in provision of credit in rural areas. We 
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need to investigate why these markets have not responded in to farmers needs as in the case 

of Mwea. Whether rice traders can offer credit to rice farmers in other parts of SSA is an 

issue to be investigated in the future. 
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Table 2.1  

Distribution of Rice Millers by Year of Establishment and Town of Operation in MIS in 2011 

Town 
Number of 
millers 

 
Percentage of Sampled rice millers by year 

of starting business 

 
2000 or before  2001-2005 2006-2011 

      
Mwea 62 

 
12.9 24.2 62.9 

Kimbimbi 7 
 

14.3 42.9 42.9 

Mutithi 15 
 

13.3 26.7 60.0 

      
Total 84 

 
13.1 26.2 60.7 

(Source: survey data, 2011) 
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Table 3.1 

Harvested Rice Area, Production and Yield of Paddy Rice in Asian and African countries (2010) 

Country 

 

Area  

(000 Ha) 

Production 

 (000 ton) 

Yield  

(t/ha) 

    
ASIA    

Bangladesh 11800 49355 4.18 

China 30117 197212 6.55 

Indonesia 13244 66412 5.01 

India 36950 120620 3.26 

Japan 1628 10600 6.51 

Cambodia 2777 8245 2.97 

South Korea 892 5804 6.51 

Laos 870 3006 3.46 

Sri Lanka 1060 4301 4.06 

Myanmar 8052 33205 4.12 

Nepal 1481 4024 2.72 

Pakistan 2365 7235 3.06 

Philippines 4354 15772 3.62 

North Korea 570 2426 4.26 

Thailand 10990 31597 2.88 

Vietnam 7514 39989 5.32 

    
SSA    

Angola 25 18 0.7 

Burundi 22 83 3.79 

Burkina Faso 135 233 1.76 

Cote d'Ivoire 385 650 1.69 

Cameroon 140 175 1.25 

Egypt 460 4330 9.42 

Ethiopia 13 25 1.89 

Gabon 0.5 1.3 2.6 

Ghana 181 492 2.71 

Kenya 20 80 3.97 

Madagascar 1350 4738 3.51 

Mali 687 2308 3.36 

Mozambique 185 180 0.97 

Malawi 59 144 2.47 

Niger 20 30 1.49 

Nigeria 1788 3219 1.8 

Senegal 147 604 4.1 

Swaziland 0.04 0.11 3 

Togo 47 110 2.32 

Tanzania 720 1105 1.53 

Uganda 140 218 1.56 

Zambia 26 52 1.99 

Source: FAOSTAT 2012 
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Table 3.2 

Distribution of Rice Area in selected countries in Asia and SSA(%), by environment  

 

Rainfed 

upland 

Rainfed 

lowland 
Irrigated 

Flood 

prone 

Bangladesh 8  47  22  23 

India 15  33  45  7  

Indonesia 11  7  72  10  

Nepal 3  66  23  8  

Philippines 2  35  61  2  

Thailand 1  86  7  7  

Cote D'Ivoire 87  6  7  
 

Kenya 12  18  70  
 

Senegal 39  49  56  
 

Tanzania 2  68  29  
 

Uganda 4  59  5  
 

Data for Asia countries is for 1991, extracted from World Rice Statistics 1994. Data for SSA countries is for 2008 

and has been extracted from individual country's National Rice Development Strategy (NRDS) for 2008 to 2018 
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Table 3.3 

Sample data by Administrative division in Mwea Irrigation Scheme 

 

Number of 

units 

Number of 

farmers 

Number of 

parcels 

Size of land 

in Acres 

     

Karaba 8 52 92 89.25 

Mwea 7 51 84 83.25 

Tebere 7 51 71 69.5 

Thiba 7 44 80 78.25 

Wamumu 7 47 82 79.83 

Total 36 245 409 400.08 

(Source: survey data, 2011) 
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Table 3.4 

Characteristics of Large-scale Irrigation Schemes and Irrigated Areas in the study 
Country  Kenya Uganda Mozambique Burkina 

Faso 
Mali Niger Senegal Philippines Indonesia Thailand Banglad-

esh 
Nepal India 

Scheme/Area Mwea Doho Chokwe Bagré N'Débougou Say2 Senegal 

River Valley 

Central 

Luzon 

Lampung 

Province 

Suphan-

Buri 

region 

Nationally 

representa

-tive 

Chitwan

&Sarlahi

District 

Tarai 

region 

Tamil 

Nadu, 

River-

Delta 

Survey year 2011 2007 2007 2005-06 2005-06 2005-06 2005-06 1985 1987 1987 1987 1987 1987 

Water Access  Facing the 

main 

channel 

Receive 

enough water 

Improved 

access to 

water 

Improved 

access to 

water 

Mixed 

results 

       

Irrigation 

system 

River & 

gravity 

River & 

gravity 

Dam and 

gravity 

Dam and 

gravity 

Dam and 

gravity 

River & 

electrical 

pump 

River & 

electrical 

pump 

River & 

gravity 

    River 

and 

canal 

Management 

body 

Farmers 

organization 

Farmers 

organization 

Para state Para state Para state Para state Para state National 

irrigation 

Administrati

on (NIA) 

     

Fertilizer 

subsidy 

No No No small scale 

program by 

NGOs 

small scale 

program by 

NGOs 

30% 

subsidy 

rate 

50% subsidy 

rate 

      

Credit 

program 

Bulk 

purchase of 

fertilizer 

through 

farmer's 

cooperative 

Rice traders 

also provide 

credit to 

farmers 

No A small scale 

program 

targeted to 

large scale 

farmers 

No Bulk 

purchase of 

fertilizer 

through 

farmer's 

organization 

and private 

savings and 

loans 

programs 

No Agricultural 

bank 

(CNCAS), 

private 

Micro 

finance 

institutions 

      

Land size (ha) 1.2 2.11 1.7 1.9 1.4 3.9 1.56 1.7 1.4 0.6 0.5 1.6 1.5 

HH size 4.5 8.6 8.23 11.9 19.7 10.3  5.3 6.9 6.6 5.7 6.7 4.2 

Source: Survey data for Mwea, 2011; Data for Doho, Chokwe, Barge, N'Debougou, Say2 and Senegal River Valley from Nakano et al., (2011), data for Central Luzon, Lampung, 

Suphan Buri, Bangladesh, Chitwan & Sarlahi Districts, and Tamil Nadu from David and Otsuka, (1994). 
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Table 3.5 (a) 

Yields, Input use per ha, and Input prices for selected irrigation schemes in SSA 

 Mwea (Kenya) Doho 

(Uganda) 

Chokwe 

(Mozambique) 

Bagré (Burkina 

Faso) 

N'Débougou 

(Mali) 

Say 2 (Niger) Senegal River 

Valley 

(Senegal) 

        

 

2011 2007 2007 2005/06 2005/06 2005/06 2005/06 

Rice varieties Basmati BW 196 MV1 & MV2 MV 1 MV 2 & MV3 MV 3 MV1 & MV3 MV 3 

Modern Irrigation System Yes Yes Yes Yes Yes Yes Yes 

         Yield (ton/ha) 5 7.4 3.2 2.2 3.2 3.1 4.3 5.3 

NPK (kg/ha) 144 127 1.6 23 

   

114 

Chemical fertilizer (kg/ha) 

    

299 241 446 313 

Labour (person-day/ha) 181
a
 140

a
 179

a
 75

 a
 

    % of Hired labour 72 68 55 36 

    % of households using 

hired labour     
86.7 46 93.3 

 

         % of HH using Animals 100 

 

--- 48 43.3 91.8 91.4 

 % of HH using Tractor 100 

 

--- 51 6.7 0 0 

 Prices in terms of Kgs of paddy 

       NPK (kg/kg) 2.7
b 

(2) 

 

4.3 7.9 3.5 1.6 1.7 1.5 

Labour wage (kg/day) 5.6 (3) 

 

10 12 10.9 5.2 7.9 

 Animal (kg/day) 25 (15) 

       Tractor (Kg/ha) 138 (82) 

  

371 

    Figures in Parentheses are price in nominal USD 
a
 does not include labour for bird scaring 

b calculated using market prices excluding the prices charged by the cooperative society 
Source: Survey data for Mwea, 2011; Data for Doho, Chokwe, Barge, N'Debougou, Say2 and Senegal River Valley from Nakano et al., (2011) 
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Table 3.5 (b) 

Yields, Input use per ha, and Input prices for selected Irrigated Areas in Asia 

 

Central Luzon 

(Philippines) 

Suphan-Buri 

(Thailand) 

Bangladesh Lampung 

(Indonesia) 

Chitwan & 

Sarlahi 

(Nepal) 

Tamil Nadu 

(India) 

       

 

1985 1986 1987 1987 1987 1987 

Rice varieties MV3 MV3 MV3 MV3 MV3 MV3 

Modern Irrigation System Yes Yes Yes Yes Yes Yes 

       Yield (ton/ha) 4.7 4.1 3.6 4.5 2.9 4.2 

NPK (kg/ha) 114 77 109 144 26 133 

Labour (person-day/ha) 83 58 243 156 159 191 

% of Hired labour 66 49 54 60 74 88 

       % of HH using Tractor 76.94 100 

 

27 25 77 

Prices in terms of Kgs of paddy 

NPK (kg/kg) 4.1 (0.6) 3.2 (0.5) 1.1 (0.3) 0.7 (0.1) 2.3 (0.5) 

 Labour wage (kg/day) 10.9 (1.6) 16 (2.4) 8.1 (1.9) 9 (1) 4.3 (0.9) 4.9 (1) 

Animal (kg/day) 19 (2) 

  

19 (2) 

 

10 (2) 

Tractor (Kg/ha) 371 (55) 464 (40) 

 

16
a 
(2) 

 

23
a 
(5) 

Thresher (Kg/ton) 36 (5) 21 (3) 

    Figures in Parentheses are prices in nominal USD 
 acost of hire of tractor in terms of Kg/Hour 

Source: David and Otsuka, (1994). 
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Table 3.6 

Labour use per Ha and cost of labour in Kgs of paddy by Activity in SSA and Asia  

 

Mwea (Kenya) 
Central Luzon 

(Philippines) 

Lampung 

(Indonesia) 

Suphan Buri 

(Thailand) 

Chitwan & 

Sarlahi Districts 

(Nepal) 

Tamil Nadu 

(India) 

 

Basmati BW 196 

           Land preparation 30 23 (5) 14 (14) 21 (10) 7 (14) 38 (6) 22 (5) 

Crop establishment 45 37 (5) 23 (8) 33 (10) 7 (15) 36 (5) 42 (5) 

Crop care 76 57 (4) 8 (10) 44 (9) 15 (13) 44 (4) 74 (4) 

Harvesting and 

threshing 31 24 (6) 35 (21) 59 (16) 29 (15) 41 (4) 53 (6) 

              Total labour  181 140 

 

83 

 

156 

 

58 

 

159 

 

191 

 % of hired labour 72 68 

 

66 

 

60 

 

49 

 

74 

 

88 

 Numbers in parenthesis are the cost of labour in Kgs of paddy per day 

Source: Survey data for Mwea, 2011; data for Central Luzon, Lampung, Suphan Buri, Chitwan & Sarlahi Districts, and Tamil Nadu from David and Otsuka, (1994). 
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 Table 3.7 (a) 

Factor Payments (USD) and Factor Shares as a Percentage of Gross value of Output in SSA 

 

Kenya Uganda Mozambique 
Burkina 

Faso 
Mali Niger 

 

Basmati BW 196 

     
        Gross value of output 2466 (100) 2907 (100) 952 (100) 307 (100) 552 (100) 1298 (100) 1030 (100) 

        
Current inputs

a
 263 (11) 212 (7) 43 (4) 35 (11) 269 (49) 176 (13) 227 (22) 

        
Capital

b
 173 (7) 125 (4) 0 72 (23) 55 (10) 49 (4) 72 (7) 

Own 33 (1) 26 (1) 0 23 (7)    

Hired 140 (6) 99 (3) 0 49 (16)    

        
Labour

c
 841 (34) 764 (26) 532 (56) 165 (54) 63 (11) 90 (7) 293 (28) 

Own 255 (10) 301 (10) 261 (27) 85 (28)    

Hired 586 (24) 463 (16) 271 (28) 80 (26)    

        
Residual 1189 (48) 1806 (62) 377 (40) 35 (11) 165 (30) 983 (76) 438 (43) 

Numbers in parentheses are factor shares as a percentage of gross value of product 

Factor payments in USD (Nominal Prices) 

a cost of current inputs includes cost of fertilizer, seeds, and chemical inputs 

b capital includes tractors and animal  

c excludes labour for bird scarring 

Source: Survey data for Mwea, 2011; Data for Doho, Chokwe, Barge, N'Debougou, Say2 and Senegal River Valley from Nakano et al., (2011) 
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Table 3.7(b) 

Factor Payments (USD) and Factor Shares as a Percentage of Gross value of Output in Asia 

 

Philippines Indonesia Thailand Bangladesh Nepal India 

       Gross value of output 752 (100) 505 (100) 595 (100) 846 (100) 442 (100) 633 (100) 

       Current inputs
a
 193 (26) 73 (14) 89 (15) 171 (20) 19 (4) 116 (19) 

       Capital
 b
 

    

19 (4) 

 Own 32 (4) 13 (3) 43 (7) 62 (7) 

 

8 (1) 

Hired 81 (11) 41 (8) 12 (2) 9 (1) 

 

39 (7) 

       Labour
c
 

      Own 81 (11) 60 (12) 70 (12) 90 (11) 36 (8) 23 (3) 

Hired 113 (15) 123 (24) 66 (11) 97 (12) 104 (24) 170 (27) 

       Residual 253 (34) 195 (39) 315 (53) 416 (49) 265 (60) 270 (43) 
Numbers in parentheses are factor shares as a percentage of gross value of product 

Factor payments in USD (Nominal Prices) 

a cost of current inputs includes cost of fertilizer, seeds, and chemical inputs 

b capital includes tractors and animals 

c excludes labour for bird scaring 

Source: David and Otsuka, (1994). 
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Table 3.8 

Determinants of Inputs Use per Ha in Mwea Irrigation Scheme 

 
(1) (2) (3) 

 
Family labour

a 

(person-days/ha) 
Hired labour

a 

(person-days/ha) 
NPK (Kgs/ha) 

Average Distance from intake 
b
 0.114 0.886 -0.223 

 (0.27) (1.03) (-0.23) 

Average time taken from household to plot 8.883* 19.66 -20.15* 

 (1.75) (1.39) (-1.94) 

Cultivated Farm size (ha) 2.382 14.00** 14.71** 

 (0.61) (2.02) (2.20) 

Age  0.0808 -0.170 0.316 

 (0.45) (-0.48) (0.97) 

Group1 8.656 1.006 -1.087 

 (1.65) (0.10) (-0.11) 

Group2 13.12** 2.097 -1.136 

 (2.23) (0.18) (-0.09) 

Prop of member in working age group with education 8.071 2.991 20.00** 

 (1.39) (0.26) (2.08) 

Number of members in working age group 1.892 3.024 -0.815 

 (1.25) (0.98) (-0.33) 

Prop of women in working age group 7.798 -0.950 16.45 

 (0.88) (-0.06) (1.12) 

Female headed HH 1.907 -7.284 6.839 

 (0.33) (-0.67) (0.67) 

Mwea section 3.678 5.306 -3.226 

 (0.60) (0.42) (-0.28) 

Tebere section 4.534 -6.265 -7.973 

 (0.62) (-0.45) (-0.68) 

Thiba section -3.771 -4.993 -12.26 

 (-0.51) (-0.34) (-0.95) 

Wamumu section 0.474 -19.88 23.62* 

 (0.07) (-1.54) (1.89) 

Ownership of irrigation pump dummy 1.178 -8.513 -3.997 

 (0.27) (-1.06) (-0.54) 

Prop of dependents in HH -8.285 10.67 -27.46 

 (-0.81) (0.58) (-1.38) 

Value of assets
b
 -0.768*** -0.137 -0.00593 

 (-3.09) (-0.19) (-0.01) 

Rental value of Land
b
 0.0560** 0.338*** 0.246*** 

 (1.99) (5.84) (4.49) 

Farming after 2000 dummy -4.322 4.574 10.90 

 (-0.81) (0.44) (1.11) 

Dropout dummy -11.19*** -5.985 0.602 

 (-2.62) (-0.60) (0.07) 

Settler dummy -5.759 8.459 -14.77 

 (-1.00) (0.73) (-1.47) 

Constant -2.396 4.653 43.03 

 
(-0.16) (0.13) (1.49) 

Number of Observations 243 243 243 

R2 0.130 0.182 0.218 

P-Value 0.002 0.000 0.000 

F-Statistic 2.214 3.216 4.722 

t statistics in parentheses     * p<0.1** p<0.05*** p<0.01 
aFamily and hired labour exclude labour used for bird scarring 
bcoefficients for average distance from intakeand rental value of land have been multiplied by 100, value of assets by 10000 
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Table 4.1 

Household Characteristics by source of borrowing 

 

Non  

Borrowers 
MRGM Traders 

MRGM 

+Traders 

Full 

Sample 
      

No. of Households 138 72 34 15 259 
      

Age of HH head 54 59 55 61 56 

Experience (years)
a
 24 30 25 36 27 

HH size 4.3 4.7 4.3 4.8 4.5 
      

% of HH heads      

With Non-Farm Jobs 18.8  6.9  8.8  20.0  14.3  

Settlers 
b
 33.3  56.9  38.2  73.3  42.9  

Started rice farming after 2000  35.5  25.0  26.5  6.7  29.7  
      

% of HH members in working age group 63.8 68.2 65.3 62.5 65.2 

% of educated members in working age 

group
c
 

72.7 62.2 49.4 62.9 66.3 

% of women in working age group 46.9 45.7 51.8 51.3 47.4 

% of households who have ever leased out 

land  
26.1  14.1 44.1  46.7  26.4  

Farm Size (ha) 1.05 1.41 0.94 1.51 1.17 

Value of pumps owned 198 183 176 116 186 

Value of other assets owned 611 682 437 960 628 

      

Credit from MRGM/ha
d
 --- 370 --- 396 126 

Credit from Traders/ha
d
 --- --- 263 232 144 

Range of interest rate charged per season
 e
 5,20 12 30-100  30-70 (12)  

      

Average Yields (2007-2011)  4.47  4.53  4.37  4.41  4.47  

Yield variation ratio (2007-2011)
f
 0.55  0.69  0.64  0.97  0.63  

Source: Own Calculations 
aExperience implies years of rice farming on the sampled plot.  
bSettlers refer to original settlers who were allocated irrigation land by the government. Settlers have subsequently 

bequeathed land to their offspring and there is little incidence of selling of user rights. 
cWe consider a member to be educated if they have completed primary level schooling.  
dCredit amount and value of land and assets in USD (exchange rate was 1USD to 84.2055 Kshs).  
e
5% is bank deposit interest rate while 20% is the lending rate for short term bank loans in Mwea in 2011, MRGM 

charges 12% interest rate, 30% was the minimum charged by traders and the maximum was 100%. The average interest 

rate for credit from traders among borrowers from traders only was 66%, and 56% among borrowers from both MRGM 

and traders. Number in parentheses is interest charged by MRGM for those who borrowed from both MRGM and traders.
 

f
Yield variation ratio calculated as the difference between maximum and minimum yield recorded over the period divided 

by the average. 
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Table 4.2 

MRGM Membership and Source of Borrowing by Section (% of Households) 
 Current 

Members 

of  

MRGM 

Non Members  Borrowing Categories 

Dropouts Never 

joined 

 MRGM 

only 

MRGM 

+Traders 

Traders only  Non Borrowers 

 MRGM 

members 

a 
Dropouts   MRGM 

members 

Dropouts Never 

joined 

             

Karaba 76.8  16.1  7.1   42.9  12.5  3.6  1.8   17.9  14.3  7.1  

Mwea 49.1  47.2  3.8   26.4  3.8  3.8  
a
15.1   15.1  34.0  1.9  

Tebere 35.8  39.6  24.5   11.3  ---  7.5  11.3   17.0  28.3  24.5  

Thiba 72.7  20.5  6.8   36.4  13.6  4.5  ---   18.2  20.5  6.8  

Wamumu 56.3  31.3  12.5   25.0  ---  8.3  
a
10.4   22.9  22.9  10.4  

             

Total 57.9  31.1  11.0   28.3  5.5  5.5  7.9   18.1  24.0  10.2  
Dropouts are farmers who were members of MRGM in 2000 but are not members at the time of the survey 
a
 we added one percent of households from Mwea and Wamumu sections that never joined MRGM in the 

column for dropouts from MRGM who are borrowing from traders only. 
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Table 4.3 

Yields and Input Cost per Ha (USD/ha) by source of borrowing  

 
Non Borrowers MRGM Traders 

MRGM + 

Traders 
Full Sample 

           
Yields (ton/ha) 4.9 5.1 4.8 5.3 5.0 

 
          

Value of Output  2333  (2484) 2494  (2573) 2252  (2393) 2575  (2663) 2381  (2507) 

 
          

Fertilizer cost 216  (242) 175  (185) 246  (235) 234  (225) 210  (224) 

Cost of other inputs
a
 74  (82) 82  (86) 87  (83) 106  (102) 80  (84) 

 
          

Hired labour 574  (626) 647  (678) 688  (648) 850  (819) 625  (655) 

Family labour 235  (255) 294  (318) 252  (274) 403  (435) 263  (285) 

 
          

Rental cost of capital
b
 159  (176) 127  (133) 175  (166) 164  (159) 152  (162) 

Imputed cost of capital 39  (43) 35  (39) 20  (22) 17  (19) 34  (38) 

 
          

Income  1310  (1358) 1463  (1490) 1056  (1262) 1221  (1356) 1314  (1382) 

Residual  1037  (1061) 1135  (1133) 784  (965) 800  (902) 1017  (1059) 

Numbers in parenthesis are calculated using the hypothetical interest rate where traders and banks charge an 

interest rate that is equal to the social interest rate. We use 20% per annum in this estimation. 
a 
Other inputs include cost of seeds, pesticides, herbicides and manure 

b 
Capital inputs include tractor and animal 

In Kenya, mean exchange rate as of March 2011, 1USD=Kshs84.2055 
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Table 4.4 

First Stage Regressions: the Determinants of Choice and amount of Credit 
  (1) (2) (3)  (4) (5) (6) 

 

OLS  Tobit 

VARIABLES 
MRGM Traders 

MRGM+ 

Traders 

 
MRGM Traders 

MRGM+ 

Traders 

               

Size of feeder 0.158 -0.112 0.011  0.483 -0.666 1.427 

 
(0.781) (-0.810) (0.086)  (0.738) (-1.093) (0.565) 

Average Distance from intake 0.938 -0.795 -1.022  3.261 -4.989 -24.761 

 
(0.414) (-0.579) (-0.498)  (0.444) (-0.558) (-0.787) 

Average time taken from household to plot -2.247 -0.569 1.554  -11.232 -2.173 44.516 

 
(-0.835) (-0.605) (0.596)  (-1.399) (-0.224) (1.466) 

Cultivated Farm size (ha) 2.098 -2.110* -1.337  11.040** -9.180 -7.734 

 
(1.075) (-1.696) (-0.534)  (2.145) (-1.231) (-0.234) 

Age  0.091 0.038 -0.073  0.286 -0.149 -1.027 

 
(1.147) (0.645) (-0.970)  (0.981) (-0.410) (-0.713) 

group1 -1.531 -1.078 2.467  -6.947 -7.760 45.580 

 
(-0.583) (-0.657) (0.742)  (-0.845) (-0.795) (1.331) 

group2 -0.055 -0.344 1.325  5.353 0.556 -30.092 

 
(-0.020) (-0.158) (0.430)  (0.546) (0.054) (-0.568) 

Number of members in working age group 1.846** -0.410 -0.139  4.934*** -1.568 -4.550 

 
(2.469) (-1.244) (-0.259)  (2.766) (-0.688) (-0.487) 

Prop of working age members with education -3.312 -3.121* -1.823  -9.412 -15.912* -102.999*** 

 
(-1.425) (-1.720) (-0.849)  (-1.229) (-1.753) (-2.708) 

Prop of women in working age group 1.321 3.505 0.709  4.438 11.498 46.100 

 
(0.401) (1.504) (0.289)  (0.413) (0.934) (1.262) 

Female headed HH 0.103 -0.537 0.591  -0.506 -7.755 -4.922 

 
(0.046) (-0.386) (0.243)  (-0.068) (-0.835) (-0.164) 

Mwea section -0.569 2.672 -3.352  0.501 23.580* -59.677 

 
(-0.171) (1.456) (-0.768)  (0.046) (1.887) (-1.277) 

Tebere section -5.655* 1.126 -7.020*  -24.596** 19.041 -426.141*** 

 
(-1.678) (0.598) (-1.897)  (-2.093) (1.379) (-5.907) 

Thiba section -2.368 0.288 -4.024  -11.104 5.869 -25.645 

 
(-0.705) (0.162) (-0.933)  (-1.143) (0.342) (-0.646) 

Wamumu section -5.240* 2.724 -7.700**  -16.852* 25.587** -536.172*** 

 
(-1.723) (1.578) (-2.444)  (-1.838) (2.113) (-4.857) 

Ownership of irrigation pump dummy 3.529* 0.151 -2.679  14.047** 1.622 -90.224*** 

 

(1.861) (0.144) (-1.296)  (2.297) (0.202) (-3.036) 

Prop of dependents in HH 0.831 -3.249 -1.672  -2.614 -11.354 -6.998 

 
(0.173) (-1.119) (-0.374)  (-0.162) (-0.588) (-0.110) 

Value of assets 0.009 -0.005 0.031**  0.050 -0.105 1.039*** 

 

(0.615) (-0.784) (1.977)  (0.862) (-1.467) (4.609) 

Rental value of Land 0.083 -0.056 0.050  0.384 -0.232 0.836 

 

(0.752) (-0.913) (0.528)  (1.040) (-0.474) (0.604) 

Farming after 2000 dummy 3.431 -1.708 -3.374  12.615 -12.063 -44.284 

 

(1.370) (-1.050) (-1.322)  (1.484) (-1.235) (-0.795) 

Dropout dummy -11.584*** 1.599 -4.032**  -178.645*** 14.309** -406.079*** 

 

(-7.459) (1.248) (-2.567)  (-17.111) (1.980) (-7.263) 

Settler dummy -0.136 -1.565 0.726  3.565 3.149 25.897 

 

(-0.052) (-0.918) (0.216)  (0.387) (0.249) (0.698) 

Constant -3.288 10.103** 12.299  -60.908** 3.397 -72.071 

 

(-0.455) (2.225) (1.111)  (-2.335) (0.111) (-0.627) 

Sigma 

   

 29.647*** 32.714*** 80.297*** 

    

 (12.641) (9.913) (6.075) 

Observations 243 243 243  243 243 243 

R-squared 0.269 0.124 0.100  

   Log likelihood 

   

 -370.3 -205.1 -93.03 

Robust z-statistics in parentheses  *** p<0.01, ** p<0.05, * p<0.1 
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Table 4.5 

The Determinants of Value of output, Costs, Income and Profits per Ha (First Stage OLS model) 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 0.492 0.427 0.0646 -0.652** 0.716 

 

(0.60) (1.41) (0.08) (-2.10) (0.77) 

Average Distance from intake -3.216 3.858 -7.074 -4.254 -2.820 

 

(-0.28) (0.88) (-0.57) (-1.25) (-0.22) 

Average Time taken from household to plot -7.923 6.772 -14.70 -2.654 -12.04 

 

(-0.73) (1.08) (-1.18) (-0.50) (-0.96) 

Cultivated Farm size (ha) -4.542 7.284 -11.83 -0.107 -11.72 

 

(-0.32) (1.50) (-0.77) (-0.03) (-0.75) 

Age  -0.294 -0.119 -0.174 0.224* -0.398 

 

(-0.65) (-0.75) (-0.37) (1.78) (-0.82) 

group1 0.826 3.154 -2.328 2.226 -4.555 

 

(0.06) (0.51) (-0.16) (0.42) (-0.29) 

group2 15.71 1.837 13.87 -1.758 15.63 

 
(1.20) (0.33) (1.03) (-0.34) (1.09) 

Number of HH members in working age group -0.514 24.35** -24.86 6.615 -31.48 

 
(-0.02) (2.37) (-0.83) (0.71) (-1.06) 

Prop of working age members with education -4.820 1.089 -5.909* 0.774 -6.683* 

 
(-1.48) (0.85) (-1.78) (0.64) (-1.94) 

Prop of women in working age group -18.42 -14.79** -3.629 4.638 -8.266 

 

(-1.05) (-2.03) (-0.20) (0.80) (-0.43) 

Female head -0.166 5.307 -5.473 -0.313 -5.160 

 

(-0.02) (1.19) (-0.49) (-0.08) (-0.45) 

Mwea section -31.88** -12.48* -19.40 8.677 -28.08 

 

(-1.98) (-1.95) (-1.19) (1.43) (-1.63) 

Tebere section -40.08** -14.38* -25.69 1.981 -27.68 

 

(-2.09) (-1.72) (-1.34) (0.33) (-1.37) 

Thiba section 7.142 0.416 6.726 -3.492 10.22 

 

(0.46) (0.07) (0.41) (-0.55) (0.63) 

Wamumu section -31.32 -17.26* -14.06 10.62 -24.68 

 

(-1.35) (-1.97) (-0.62) (1.48) (-1.03) 

Owning irrigation pump dummy -11.01 -5.121 -5.885 2.641 -8.526 

 
(-0.84) (-1.06) (-0.42) (0.63) (-0.57) 

Prop of dependents in HH -49.46*** 10.12 -59.57*** -1.756 -57.82*** 

 

(-2.67) (1.31) (-3.02) (-0.26) (-2.90) 

Value of assets 0.317*** 0.00108 0.316*** 0.00419 0.312*** 

 

(3.39) (0.03) (2.97) (0.10) (2.78) 

Rental value of land 4.817*** 1.647*** 3.169*** 0.467** 2.702*** 

 
(6.94) (4.01) (5.32) (2.19) (4.19) 

Predicted amount of credit from MRGM 1.681 0.581 1.100 -0.386 1.486 

 

(1.37) (1.38) (0.81) (-1.12) (1.09) 

Predicted amount of credit from Trader 0.775 4.254** -3.479 -0.451 -3.027 

 

(0.18) (2.58) (-0.73) (-0.33) (-0.64) 

Predicted amount of credit from MRGM+Trader -3.409 -0.258 -3.152 1.256* -4.407 

 
(-1.37) (-0.25) (-1.21) (1.85) (-1.60) 

Constant 117.9* 2.288 115.6* 1.114 114.5* 

 
(1.97) (0.10) (1.86) (0.06) (1.80) 

Number of Observations 258 258 258 258 258 

R-Squared 0.337 0.169 0.246 0.140 0.211 

P-Value 0.000 0.127 0.000 0.009 0.000 

t statistics in parentheses * p<0.1  ** p<0.05  *** p<0.01  
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Table 4.6 

The Determinants of Value of output, Costs, Income and Profits per Ha (First Stage Tobit model) 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 0.762 0.975** -0.213 -0.727* 0.514 

 

(0.67) (2.43) (-0.18) (-1.87) (0.41) 

Average Distance from intake -5.000 3.837 -8.836 -3.653 -5.183 

 

(-0.42) (0.84) (-0.69) (-1.05) (-0.39) 

Average Time taken from household to plot -3.907 16.21** -20.11 -4.180 -15.93 

 

(-0.22) (2.03) (-1.01) (-0.59) (-0.80) 

Cultivated Farm size (ha) -4.041 6.143 -10.18 -0.0206 -10.16 

 

(-0.30) (1.36) (-0.71) (-0.01) (-0.69) 

Age  -0.234 -0.0772 -0.157 0.197* -0.354 

 

(-0.56) (-0.52) (-0.36) (1.67) (-0.78) 

group1 1.691 9.312 -7.622 1.965 -9.587 

 

(0.11) (1.34) (-0.45) (0.34) (-0.54) 

group2 3.472 -12.07 15.54 2.981 12.56 

 
(0.18) (-1.63) (0.75) (0.42) (0.61) 

Number of HH members in working age group -6.726 35.62** -42.34 7.314 -49.66 

 
(-0.18) (2.47) (-1.02) (0.58) (-1.20) 

Prop of working age members with education -4.377 -0.312 -4.065 0.932 -4.997 

 
(-1.28) (-0.24) (-1.17) (0.74) (-1.41) 

Prop of women in working age group -12.68 -10.72 -1.953 2.395 -4.348 

 

(-0.79) (-1.53) (-0.12) (0.45) (-0.25) 

Female head -1.933 14.17** -16.10 0.303 -16.40 

 

(-0.11) (2.24) (-0.90) (0.06) (-0.88) 

Mwea section -32.56 -35.40*** 2.842 8.964 -6.122 

 

(-0.96) (-2.68) (0.08) (0.81) (-0.17) 

Tebere section -94.78 -77.13** -17.65 20.16 -37.81 

 

(-1.19) (-2.55) (-0.21) (0.84) (-0.44) 

Thiba section 14.69 10.10 4.589 -7.091 11.68 

 

(0.68) (1.37) (0.20) (-0.88) (0.52) 

Wamumu section -96.07 -93.40** -2.667 32.34 -35.00 

 

(-0.97) (-2.57) (-0.03) (1.10) (-0.33) 

Owning irrigation pump dummy -20.79 -22.87** 2.079 6.330 -4.251 

 
(-0.78) (-2.42) (0.07) (0.78) (-0.15) 

Prop of dependents in HH -42.51** 9.263 -51.77*** -3.450 -48.32** 

 

(-2.45) (1.20) (-2.77) (-0.51) (-2.58) 

Value of assets 0.379* 0.176** 0.203 -0.0168 0.219 

 

(1.84) (2.28) (0.89) (-0.26) (0.97) 

Rental value of land 4.829*** 1.911*** 2.918*** 0.479* 2.439*** 

 
(5.98) (4.42) (3.98) (1.82) (3.13) 

Predicted amount of credit from MRGM 0.472 0.424** 0.0485 -0.153 0.201 

 

(0.92) (2.29) (0.09) (-1.00) (0.36) 

Predicted amount of credit from Trader 0.150 1.366** -1.216 -0.0949 -1.121 

 

(0.11) (2.54) (-0.79) (-0.21) (-0.73) 

Predicted amount of credit from MRGM+Trader -0.202 -0.150** -0.0523 0.0707 -0.123 

 
(-1.04) (-2.10) (-0.25) (1.25) (-0.59) 

Constant 93.53** 46.30** 47.23 9.462 37.77 

 
(2.50) (2.32) (1.27) (0.81) (1.00) 

Number of Observations 258 258 258 258 258 

R-Squared 0.337 0.169 0.246 0.140 0.211 

P-Value 0.000 0.127 0.000 0.009 0.000 

t statistics in parentheses * p<0.1  ** p<0.05  *** p<0.01  
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Table 4.7 

Reduced Form Estimates for the Determinants of Value of output, Costs, Income and Profits per 

Ha 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 0.499 0.211 0.288 -0.609** 0.897 

 

(0.64) (0.70) (0.34) (-2.06) (0.99) 

Average Distance from intake 0.376 0.843 -0.468 -5.261 4.793 

 

(0.04) (0.22) (-0.04) (-1.49) (0.41) 

Average Time taken from household to plot -18.64** 2.313 -20.95** 0.941 -21.89** 

 

(-2.11) (0.42) (-2.11) (0.21) (-2.20) 

Cultivated Farm size (ha) 1.348 -1.356 2.705 -1.351 4.055 

 

(0.12) (-0.41) (0.24) (-0.54) (0.34) 

Age  0.307 0.142 0.165 0.0181 0.147 

 

(0.71) (0.85) (0.38) (0.14) (0.33) 

group1 -9.888 1.482 -11.37 5.898 -17.27 

 

(-0.86) (0.30) (-0.94) (1.27) (-1.34) 

group2 13.57 1.694 11.87 -0.634 12.51 

 
(1.06) (0.31) (0.90) (-0.12) (0.89) 

Number of HH members in working age group -0.0660 0.249 -0.315 6.097 -6.412 

 
(-0.00) (0.04) (-0.02) (1.22) (-0.41) 

Prop of working age members with education -2.167 0.414 -2.581 0.256 -2.837 

 
(-0.79) (0.33) (-0.91) (0.22) (-0.98) 

Prop of women in working age group -17.33 -4.095 -13.24 3.677 -16.91 

 

(-1.14) (-0.66) (-0.87) (0.66) (-1.06) 

Female head 0.507 3.372 -2.865 -0.0539 -2.811 

 

(0.05) (0.80) (-0.27) (-0.01) (-0.26) 

Mwea section -21.07* -5.791 -15.28 4.207 -19.48 

 

(-1.78) (-1.04) (-1.22) (0.80) (-1.43) 

Tebere section -28.22** -11.57 -16.65 -4.122 -12.53 

 

(-2.02) (-1.64) (-1.14) (-0.89) (-0.82) 

Thiba section 6.627 -5.144 11.77 -4.224 16.00 

 

(0.52) (-0.82) (0.87) (-0.77) (1.17) 

Wamumu section -14.66 -10.34* -4.322 2.740 -7.062 

 

(-1.06) (-1.73) (-0.31) (0.53) (-0.47) 

Owning irrigation pump dummy 3.594 -2.641 6.235 -2.094 8.329 

 
(0.43) (-0.75) (0.70) (-0.65) (0.89) 

Prop of dependents in HH -44.00** 6.711 -50.71*** -2.835 -47.88** 

 

(-2.47) (0.89) (-2.67) (-0.43) (-2.51) 

Value of assets 0.236*** 0.00653 0.230*** 0.0362 0.193** 

 

(3.55) (0.26) (2.94) (0.96) (2.32) 

Rental value of land 4.608*** 1.480*** 3.127*** 0.572*** 2.556*** 

 
(6.88) (3.79) (5.52) (2.88) (4.11) 

Farming after 2000 dummy 14.50 -6.430 20.93 -4.341 25.27* 

 

(1.20) (-1.26) (1.62) (-1.23) (1.83) 

Dropout dummy -6.122 -0.805 -5.317 -0.799 -4.518 

 

(-0.67) (-0.25) (-0.53) (-0.27) (-0.44) 

Settler dummy -8.244 -12.35** 4.106 3.082 1.024 

 
(-0.62) (-2.51) (0.28) (0.75) (0.07) 

Constant 81.64** 46.44** 35.20 12.55 22.65 

 
(2.11) (2.18) (0.90) (1.04) (0.57) 

Number of Observations 258 258 258 258 258 

R-Squared 0.337 0.169 0.246 0.140 0.211 

P-Value 0.000 0.127 0.000 0.009 0.000 

t statistics in parentheses * p<0.1  ** p<0.05  *** p<0.01 
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Table 4.8 

The Determinants of Value of output, Costs, Income and Profits per Ha (First Stage OLS model) 

Hypothetical case 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 0.322 0.809** -0.487 -0.568 0.0806 

 

(0.30) (2.20) (-0.44) (-1.50) (0.07) 

Average Distance from intake -1.832 6.653 -8.485 -4.783 -3.702 

 

(-0.15) (1.43) (-0.65) (-1.31) (-0.27) 

Average Time taken from household to plot -10.10 11.09 -21.19 -1.242 -19.95 

 

(-0.75) (1.63) (-1.41) (-0.20) (-1.32) 

Cultivated Farm size (ha) -3.072 11.46* -14.53 1.404 -15.94 

 

(-0.17) (1.91) (-0.77) (0.28) (-0.84) 

Age  -0.159 -0.336* 0.177 0.133 0.0440 

 

(-0.31) (-1.71) (0.33) (0.88) (0.08) 

group1 2.012 14.51* -12.50 2.554 -15.05 

 

(0.10) (1.73) (-0.60) (0.36) (-0.70) 

group2 15.38 6.539 8.841 -1.758 10.60 

 
(1.02) (1.06) (0.58) (-0.31) (0.66) 

Number of HH members in working age group -5.479 1.307 -6.786* 0.755 -7.541* 

 
(-1.49) (0.96) (-1.82) (0.61) (-1.93) 

Prop of working age members with education 2.454 29.34*** -26.88 1.976 -28.86 

 
(0.08) (2.79) (-0.86) (0.20) (-0.94) 

Prop of women in working age group -24.70 -27.91** 3.211 -0.213 3.424 

 

(-0.75) (-2.28) (0.09) (-0.02) (0.10) 

Female head -2.269 7.425 -9.694 -0.729 -8.965 

 

(-0.17) (1.46) (-0.71) (-0.18) (-0.64) 

Mwea section -35.78 -25.81** -9.971 8.851 -18.82 

 

(-1.21) (-2.44) (-0.33) (0.93) (-0.63) 

Tebere section -45.51** -17.78* -27.73 3.211 -30.94 

 

(-2.11) (-1.93) (-1.31) (0.47) (-1.40) 

Thiba section -6.478 -6.546 0.0679 -0.996 1.064 

 

(-0.38) (-0.85) (0.00) (-0.15) (0.06) 

Wamumu section -35.28 -28.36** -6.921 11.16 -18.08 

 

(-1.12) (-2.42) (-0.22) (1.18) (-0.57) 

Owning irrigation pump dummy -12.32 -9.239 -3.079 2.001 -5.079 

 
(-0.74) (-1.59) (-0.17) (0.39) (-0.28) 

Prop of dependents in HH -43.07 23.82* -66.89** 2.584 -69.47** 

 

(-1.54) (1.96) (-2.22) (0.23) (-2.32) 

Value of assets 0.341*** 0.0490 0.292** 0.00415 0.288** 

 

(3.02) (1.14) (2.34) (0.09) (2.21) 

Rental value of land 4.632*** 1.851*** 2.781*** 0.595** 2.186*** 

 
(6.07) (4.58) (4.21) (2.34) (3.11) 

Predicted amount of credit from MRGM 1.599 1.328* 0.270 -0.281 0.551 

 

(0.80) (1.95) (0.13) (-0.47) (0.26) 

Predicted amount of credit from Trader 1.001 7.560** -6.559 0.143 -6.703 

 

(0.12) (2.58) (-0.77) (0.05) (-0.81) 

Predicted amount of credit from MRGM+Trader -3.578 -0.776 -2.802 1.248* -4.050 

 
(-1.33) (-0.71) (-1.00) (1.73) (-1.38) 

Constant 123.9 -22.87 146.8* 0.0260 146.8* 

 
(1.60) (-0.83) (1.82) (0.00) (1.83) 

Number of Observations 243 243 243 243 243 

R-Squared 0.330 0.181 0.239 0.144 0.205 

P-Value 0.000 0.076 0.000 0.006 0.000 

t statistics in parentheses * p<0.1  ** p<0.05  *** p<0.01  
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Table 4.9 

The Determinants of Value of output, Costs, Income and Profits per Ha (First Stage Tobit model) 

Hypothetical case 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

      Number of farmers along feeder canal -0.0680 -12.68** 12.61 -1.249 13.86 

 

(-0.01) (-2.52) (0.88) (-0.28) (0.99) 

Average Distance from intake -4.309 7.984 -12.29 -3.896 -8.396 

 

(-0.32) (1.53) (-0.86) (-1.03) (-0.56) 

Average Time taken from household to plot -15.88 -261.8** 245.9 -16.18 262.1 

 

(-0.06) (-2.52) (0.83) (-0.18) (0.91) 

Cultivated Farm size (ha) -6.986 -60.95*** 53.96 -1.730 55.69 

 

(-0.11) (-2.62) (0.82) (-0.08) (0.87) 

Age  0.0270 2.680** -2.653 0.261 -2.914 

 

(0.01) (2.59) (-0.87) (0.28) (-0.98) 

group1 -11.55 -335.6** 324.1 -14.40 338.5 

 

(-0.03) (-2.57) (0.86) (-0.12) (0.92) 

group2 7.131 145.9** -138.8 9.611 -148.4 

 
(0.05) (2.58) (-0.86) (0.19) (-0.94) 

Number of HH members in working age group -4.896 25.00*** -29.90 2.241 -32.14 

 
(-0.20) (2.68) (-1.13) (0.27) (-1.24) 

Prop of working age members with education -20.38 -72.22** 51.84 2.608 49.23 

 
(-0.24) (-2.36) (0.59) (0.10) (0.57) 

Prop of women in working age group -8.680 118.0** -126.7 3.746 -130.4 

 

(-0.07) (2.52) (-0.94) (0.09) (-1.00) 

Female head -11.50 -133.3** 121.8 -6.256 128.1 

 

(-0.08) (-2.54) (0.81) (-0.13) (0.88) 

Mwea section -8.087 622.2** -630.3 39.12 -669.4 

 

(-0.01) (2.56) (-0.90) (0.18) (-0.98) 

Tebere section -47.32 1401.9** -1449.2 89.77 -1539.0 

 

(-0.03) (2.55) (-0.92) (0.18) (-1.00) 

Thiba section 8.637 91.02** -82.38 -0.684 -81.70 

 

(0.08) (2.54) (-0.75) (-0.02) (-0.77) 

Wamumu section -38.12 1915.9** -1954.0 130.2 -2084.3 

 

(-0.02) (2.55) (-0.91) (0.19) (-0.99) 

Owning irrigation pump dummy -5.894 410.4** -416.3 25.79 -442.0 

 
(-0.01) (2.55) (-0.90) (0.18) (-0.98) 

Prop of dependents in HH -48.58 -214.0** 165.4 -10.28 175.7 

 

(-0.21) (-2.56) (0.67) (-0.14) (0.73) 

Value of assets 0.239 -4.645** 4.884 -0.247 5.130 

 

(0.05) (-2.57) (0.94) (-0.15) (1.01) 

Rental value of land 4.357 -2.187 6.543 0.451 6.093 

 
(1.09) (-1.45) (1.56) (0.36) (1.49) 

Predicted amount of credit from MRGM 0.153 -8.208** 8.361 -0.542 8.904 

 

(0.02) (-2.57) (0.91) (-0.19) (0.99) 

Predicted amount of credit from Trader -0.823 -18.92** 18.10 -0.893 18.99 

 

(-0.04) (-2.57) (0.85) (-0.14) (0.92) 

Predicted amount of credit from MRGM+Trader -0.0902 2.945** -3.035 0.211 -3.246 

 
(-0.03) (2.56) (-0.92) (0.21) (-1.01) 

Constant 90.38 -183.9** 274.2 2.946 271.3 

 
(0.38) (-2.15) (1.09) (0.04) (1.11) 

Number of Observations 243 243 243 243 243 

R-Squared 0.330 0.181 0.239 0.144 0.205 

P-Value 0.000 0.076 0.000 0.006 0.000 

t statistics in parentheses * p<0.1  ** p<0.05  *** p<0.01  

       



111 
 

 

Table 4.10 

Reduced Form Estimates for the Determinants of Value of output, Costs, Income and Profits per 

Ha. Hypothetical case 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 0.425 0.166 0.259 -0.615** 0.874 

 

(0.52) (0.55) (0.30) (-2.00) (0.94) 

Average Distance from intake 2.530 2.683 -0.154 -6.436* 6.283 

 

(0.23) (0.69) (-0.01) (-1.67) (0.51) 

Average Time taken from household to plot -19.83** 2.593 -22.42** 1.247 -23.67** 

 

(-2.13) (0.45) (-2.16) (0.26) (-2.28) 

Cultivated Farm size (ha) 2.955 -0.666 3.621 -1.156 4.777 

 

(0.26) (-0.19) (0.31) (-0.44) (0.39) 

Age  0.286 0.131 0.155 0.0223 0.133 

 

(0.65) (0.80) (0.35) (0.17) (0.29) 

group1 -10.34 2.414 -12.76 5.908 -18.67 

 

(-0.87) (0.48) (-1.04) (1.22) (-1.42) 

group2 10.21 2.837 7.371 -0.139 7.510 

 
(0.76) (0.51) (0.54) (-0.03) (0.51) 

Number of HH members in working age group -2.440 0.770 -3.210 0.00443 -3.214 

 
(-0.84) (0.60) (-1.08) (0.00) (-1.05) 

Prop of working age members with education 0.560 2.757 -2.197 0.184 -2.381 

 
(0.04) (0.58) (-0.17) (0.04) (-0.17) 

Prop of women in working age group -21.62 -0.209 -21.41 0.803 -22.21 

 

(-1.36) (-0.03) (-1.37) (0.13) (-1.38) 

Female head -4.757 3.040 -7.796 -0.0976 -7.699 

 

(-0.43) (0.69) (-0.68) (-0.02) (-0.65) 

Mwea section -22.03* -3.768 -18.26 5.211 -23.47 

 

(-1.74) (-0.66) (-1.39) (0.94) (-1.64) 

Tebere section -28.30** -11.33 -16.98 -3.800 -13.18 

 

(-1.98) (-1.55) (-1.15) (-0.77) (-0.85) 

Thiba section 4.422 -4.392 8.814 -5.311 14.13 

 

(0.32) (-0.66) (0.62) (-0.91) (1.00) 

Wamumu section -13.38 -8.746 -4.632 3.416 -8.048 

 

(-0.93) (-1.41) (-0.32) (0.63) (-0.52) 

Owning irrigation pump dummy 3.063 -1.329 4.392 -2.312 6.704 

 
(0.35) (-0.37) (0.48) (-0.70) (0.70) 

Prop of dependents in HH -39.00** 1.656 -40.66** -0.202 -40.46* 

 

(-2.03) (0.21) (-1.99) (-0.03) (-1.96) 

Value of assets 0.239*** 0.000551 0.239*** 0.0398 0.199** 

 

(3.62) (0.02) (3.08) (1.03) (2.31) 

Rental value of land 4.531*** 1.503*** 3.027*** 0.626*** 2.402*** 

 
(6.55) (3.91) (5.24) (3.06) (3.84) 

Farming after 2000 dummy 15.85 -5.734 21.59* -5.419 27.01* 

 

(1.29) (-1.13) (1.66) (-1.49) (1.95) 

Dropout dummy -2.492 -0.168 -2.325 -1.550 -0.775 

 

(-0.27) (-0.05) (-0.23) (-0.49) (-0.07) 

Settler dummy -4.381 -12.58** 8.194 0.720 7.474 

 
(-0.32) (-2.55) (0.57) (0.16) (0.54) 

Constant 84.76** 39.59* 45.16 17.75 27.42 

 
(2.18) (1.89) (1.18) (1.48) (0.71) 

Number of Observations 243 243 243 243 243 

R-Squared 0.330 0.181 0.239 0.144 0.205 

P-Value 0.000 0.076 0.000 0.006 0.000 

t statistics in parentheses * p<0.1  ** p<0.05  *** p<0.01  
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Figure 2.1 
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Figure 3.1 

 Total Rice Production in Selected Countries in Asia and SSA between 1960 and 2010 

 
Source Data from FAO, 2012
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Figure 3.2 

Rice Yields in Selected Countries in Asia and SSA between 1960 and 2010 
 

 

Source Data from FAO, 2012 
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Figure 3.3 

 Total Area under Rice Cultivation in Selected Countries in Asia and SSA between 1960 and 2010 

 
Source Data from FAO, 2012
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Figure 3.4 

Total Fertilizer Consumption in Selected Countries in Asia and SSA between 1960 and 2010 

 
Source Data from FAO, 2012
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Figure 3.5 

Yields and Total Fertilizer Consumption in Bangladesh, Pakistan, Kenya and Uganda between 1960 and 2010 
A: Yields and Total Fertilizer Consumption in Bangladesh & Pakistan  

  
B: Yields and Total Fertilizer Consumption in Kenya & Uganda  
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Figure 3.6 

Yield and Fertilizer use per ha in selected irrigated areas in Asia and SSA 

 

Slope=0.02*** Constant=2.62*** R-squared= 0.49  
Legend   
Ba - Bangladesh IN - Indonesia Se - Senegal 

 

CI - Cote d'Ivoire  Ke - Kenya-BW196  Ta - Tanzania 
Mo - Mozambique  Kb - Kenya-Basmati Th - Thailand 
Ug - Uganda Ne - Nepal  
 In - India Ph - Philippines  
Source: Survey data for Mwea, 2011; Data for Uganda (Doho), Mozambique (Chokwe), Senegal (Senegal River Valley) from 

Nakano et al., (2011). Data for Cote d'Ivoire is from Sakurai (2006). Data for Tanzania is from Nakano and Kajisa (2011). Data 

for Philippines (Central Luzon), Indonesia (Lampung), Thailand (Suphan Buri), Bangladesh, Nepal (Chitwan & Sarlahi 

Districts), and India (Tamil Nadu) is from David and Otsuka, (1994). 
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Figure 3.7 

Fertilizer Price in terms of Paddy and Fertilizer use per ha in selected irrigated areas in Asia 

and SSA 

 

Slope=-0.02* Constant=5.12*** R-squared= 0.35 
Legend   
Ba - Bangladesh IN - Indonesia Ph - Philippines 
CI - Cote d'Ivoire Ke - Kenya-BW196  Se - Senegal 
Mo - Mozambique Kb - Kenya-Basmati Th - Thailand 
Ug - Uganda Ne - Nepal  
Source: Survey data for Mwea, 2011; Data for Uganda (Doho), Mozambique (Chokwe), Senegal (Senegal River Valley) from 

Nakano et al., (2011). Data for Cote d'Ivoire is from Sakurai (2006). Data for Tanzania is from Nakano and Kajisa (2011). Data 

for Philippines (Central Luzon), Indonesia (Lampung), Thailand (Suphan Buri), Bangladesh, Nepal (Chitwan & Sarlahi 

Districts), and India (Tamil Nadu) is from David and Otsuka, (1994). 
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Figure 3.8 

Yield and Labour used per ha in selected irrigated areas in Asia and SSA 

 

Slope=-0.001 Constant=4.27*** R-squared= 0.001 
Legend    
Ba - Bangladesh CI - Cote d'Ivoire In - India IN - Indonesia 
Ne - Nepal Mo - Mozambique Ke - Kenya-BW196  Kb - Kenya-Basmati 
Ph - Philippines Th - Thailand Ug - Uganda  
Source: Survey data for Mwea, 2011; Data for Uganda (Doho), Mozambique (Chokwe), Senegal (Senegal River Valley) from 

Nakano et al., (2011). Data forPhilippines (Central Luzon), Indonesia (Lampung), Thailand (Suphan Buri), Bangladesh, Nepal 

(Chitwan & Sarlahi Districts), and India (Tamil Nadu) is from David and Otsuka, (1994). 
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Figure 3.9 

Wage Rate in terms of Paddy and Labour used per ha in selected irrigated areas in Asia and SSA 

 

Slope=-0.014 Constant=10.87*** R-squared= 0.18 
Legend    
Ba - Bangladesh CI - Cote d'Ivoire In - India IN - Indonesia 
Ne - Nepal Mo - Mozambique Ke - Kenya-BW196  Kb - Kenya-Basmati 
Ph - Philippines Th - Thailand Ug - Uganda  
Source: Survey data for Mwea, 2011; Data for Uganda (Doho), Mozambique (Chokwe), Senegal (Senegal River Valley) from 

Nakano et al., (2011). Data for Philippines (Central Luzon), Indonesia (Lampung), Thailand (Suphan Buri), Bangladesh, Nepal 

(Chitwan & Sarlahi Districts), and India (Tamil Nadu) is from David and Otsuka, (1994). 
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Figure 3.10 

Yield per ha and Percentage of Hired Labour used per ha in selected irrigated areas in Asia and 

SSA 

 

Slope=0.05 Constant=1.02 R-squared= 0.26 
Legend   
Ba - Bangladesh IN - Indonesia Ne - Nepal 
Mo - Mozambique  Ke - Kenya-BW196  Ph - Philippines 
Ug - Uganda Kb - Kenya-Basmati Th - Thailand 
 In - India   
Source: Survey data for Mwea, 2011; Data for Uganda (Doho), Mozambique (Chokwe), Senegal (Senegal River Valley) from 

Nakano et al., (2011). Data for Philippines (Central Luzon), Indonesia (Lampung), Thailand (Suphan Buri), Bangladesh, Nepal 

(Chitwan & Sarlahi Districts), and India (Tamil Nadu) is from David and Otsuka, (1994). 
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Figure 3.11 

Wage Rate in terms of Paddy and Percentage of Hired Labour used in selected irrigated areas in 

Asia and SSA 

 
Slope=0.19** Constant=19.95*** R-squared= 0.49  
Legend   
Ba - Bangladesh IN - Indonesia Ne - Nepal 
Mo - Mozambique  Ke - Kenya-BW196  Ph - Philippines 
Ug - Uganda Kb - Kenya-Basmati Th - Thailand 
 In - India   
Source: Survey data for Mwea, 2011; Data for Uganda (Doho), Mozambique (Chokwe), Senegal (Senegal River Valley) from 

Nakano et al., (2011). Data for Philippines (Central Luzon), Indonesia (Lampung), Thailand (Suphan Buri), Bangladesh, Nepal 

(Chitwan & Sarlahi Districts), and India (Tamil Nadu) is from David and Otsuka, (1994). 
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ANNEXES 
Table A4-1 

Determinants of borrowing choice (Multinomial logit model) 
  (1) (2) (3) 

 

MRGM Traders MRGM+ Traders 

Number of farmers along feeder canal 0.015 -0.049 -0.002 

 
(0.332) (-1.162) (-0.021) 

Average Distance from intake -0.239 -0.259 -1.078 

 
(-0.461) (-0.441) (-0.934) 

Average time taken from household to plot -0.696 -0.038 0.504 

 
(-1.212) (-0.049) (0.497) 

Farm size (ha) 0.926** -0.289 0.624 

 
(2.188) (-0.565) (0.764) 

Age  0.006 -0.007 -0.011 

 
(0.272) (-0.303) (-0.227) 

Group 1 -0.729 -0.722 0.021 

 
(-1.149) (-1.042) (0.018) 

Group 2 0.079 0.012 -1.234 

 
(0.113) (0.018) (-0.754) 

Prop of working age members with education -1.138* -1.438** -2.837* 

 

(-1.783) (-2.308) (-1.891) 

Number of members in working age group 0.344** 0.015 0.264 

 
(2.086) (0.075) (0.859) 

Prop of women in working age group 0.659 0.308 1.824 

 
(0.818) (0.341) (1.239) 

Female headed HH -0.058 -0.612 -0.030 

 
(-0.102) (-0.950) (-0.028) 

Mwea section -0.444 1.364 -1.295 

 
(-0.603) (1.463) (-0.889) 

Tebere section -1.796** 0.754 -16.666 

 
(-2.322) (0.773) (-0.009) 

Thiba section -0.844 0.135 -0.829 

 
(-1.151) (0.113) (-0.723) 

Wamumu section -1.178 1.152 -18.538 

 
(-1.638) (1.206) (-0.014) 

Owning irrigation pump dummy 0.699 0.433 -0.993 

 
(1.441) (0.759) (-0.932) 

Number of members NOT in working age group 0.204 -0.304 0.440 

 
(0.182) (-0.232) (0.215) 

Value of other assets 0.004 -0.008 0.023** 

 
(0.894) (-1.368) (2.390) 

Rental value of land 0.056 0.009 0.046 

 

(1.572) (0.256) (0.836) 

Drop out dummy -18.613 0.113 -18.189 

 

(-0.021) (0.227) (-0.015) 

Farming after 2000 dummy 0.420 -0.643 -0.480 

 

(0.696) (-0.995) (-0.328) 

Settler dummy 0.561 0.224 0.821 

 

(0.863) (0.286) (0.656) 

Constant -3.160 0.488 -3.154 

 

(-1.409) (0.224) (-0.777) 

    Observations 243 

Log likelihood -176.4 

Pseudo R-sq 0.345 

chi-sq 186.1 

P-Value 0 

z-statistics in parentheses *** p<0.01, ** p<0.05, * p<0.1 

    Non-borrowers are the base group.  
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Table A4-2 

First Stage Regressions: the Determinants of Choice and amount of Credit 

 
(1) (2) (3)  (4) (5) (6) 

  
 

OLS 

 

 
 

TOBIT 
 

VARIABLES 
MRGM Traders 

MRGM+ 

Traders 

 
MRGM Traders 

MRGM+ 

Traders 

Number of farmers along feeder canal 0.160 -0.113 0.012 

 

0.478 -0.664 1.504 

 
(0.793) (-0.821) (0.097) 

 

(0.729) (-1.083) (0.591) 

Average Distance from intake 0.910 -0.776 -1.039 

 

2.950 -5.009 -28.313 

 
(0.402) (-0.564) (-0.504) 

 

(0.398) (-0.559) (-0.874) 

Average time taken from household to plot -2.496 -0.404 1.405 

 

-12.575 -1.575 41.391 

 
(-0.935) (-0.455) (0.555) 

 

(-1.584) (-0.169) (1.383) 

Cultivated Farm size (ha) 2.219 -2.191* -1.264 

 

11.817** -9.586 -5.681 

 
(1.137) (-1.769) (-0.499) 

 

(2.377) (-1.288) (-0.171) 

Age  0.094 0.036 -0.071 

 

0.279 -0.156 -0.982 

 
(1.196) (0.610) (-0.934) 

 

(0.960) (-0.431) (-0.685) 

Group 1 -1.476 -1.115 2.500 

 

-6.682 -7.621 44.141 

 
(-0.568) (-0.686) (0.754) 

 

(-0.822) (-0.776) (1.269) 

Group 2 0.116 -0.458 1.427 

 

6.200 0.318 -32.677 

 
(0.042) (-0.215) (0.471) 

 

(0.648) (0.031) (-0.596) 

Prop of working age members with 

education -3.312 -3.121* -1.823 

 

-9.553 -15.882* -104.694*** 

 

(-1.431) (-1.723) (-0.848) 

 

(-1.253) (-1.750) (-2.613) 

Number of members in working age group 1.817** -0.391 -0.156 

 

4.848*** -1.452 -4.683 

 
(2.406) (-1.206) (-0.297) 

 

(2.709) (-0.649) (-0.507) 

Prop of women in working age group 1.473 3.404 0.801 

 

4.903 11.182 50.429 

 
(0.451) (1.479) (0.328) 

 

(0.459) (0.904) (1.403) 

Female headed HH 0.058 -0.508 0.564 

 

-1.043 -7.530 -7.969 

 
(0.026) (-0.361) (0.232) 

 

(-0.143) (-0.808) (-0.262) 

Mwea section -0.475 2.609 -3.296 

 

1.282 23.292* -60.387 

 
(-0.143) (1.420) (-0.751) 

 

(0.118) (1.839) (-1.275) 

Tebere section -5.469 1.003 -6.908* 

 

-23.425** 18.367 -426.549*** 

 
(-1.615) (0.525) (-1.836) 

 

(-1.989) (1.297) (-5.950) 

Thiba section -2.613 0.451 -4.171 

 

-11.820 6.360 -29.041 

 
(-0.796) (0.269) (-0.990) 

 

(-1.236) (0.382) (-0.763) 

Wamumu section -5.120* 2.644 -7.628** 

 

-15.759* 25.071** -550.188*** 

 
(-1.673) (1.513) (-2.406) 

 

(-1.707) (2.035) (-5.014) 

Owning irrigation pump dummy 3.523* 0.155 -2.683 

 

14.090** 1.607 -91.828*** 

 
(1.862) (0.148) (-1.301) 

 

(2.298) (0.200) (-3.079) 

Number of members NOT in working age 

group 0.383 -2.952 -1.941 

 

-4.157 -9.948 -10.809 

 
(0.081) (-1.022) (-0.440) 

 

(-0.260) (-0.531) (-0.168) 

Value of other assets 0.011 -0.006 0.032** 

 

0.060 -0.111 1.094*** 

 
(0.741) (-0.995) (2.018) 

 

(1.066) (-1.541) (5.143) 

Farming after 2000 dummy 3.539 -1.780 -3.310 

 

12.746 -12.252 -41.919 

 

(1.432) (-1.113) (-1.290) 

 

(1.500) (-1.270) (-0.750) 

Drop out dummy -11.558*** 1.582 -4.017** 

 

-178.798*** 14.343* -406.587*** 

 

(-7.469) (1.234) (-2.566) 

 

(-17.258) (1.970) (-7.185) 

Settler dummy -0.085 -1.599 0.757 

 

4.359 3.054 26.587 

 

(-0.033) (-0.941) (0.226) 

 

(0.478) (0.243) (0.704) 

Constant -1.175 8.698* 13.566 

 

-50.365* -2.997 -52.378 

 

(-0.170) (1.948) (1.315) 

 

(-1.941) (-0.110) (-0.437) 

Sigma 

    

29.690*** 32.783*** 80.494*** 

     

(12.591) (9.878) (6.114) 

                Observations 243 243 243 

 

243 243 243 

R-squared 0.268 0.122 0.100 

    Log likelihood 

    

-370.6 -205.2 -93.12 

Robust z-statistics in parentheses 

 

*** p<0.01, ** p<0.05, * p<0.1 
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Table A4-3 

The Determinants of Value of output, Costs, Income and Profits per Ha (First Stage OLS model) 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 0.224 0.770* -0.546 -0.580 0.0341 

 
(0.19) (1.89) (-0.48) (-1.51) (0.03) 

Average Distance from intake -5.767 5.080 -10.85 -5.289 -5.559 

 
(-0.44) (1.09) (-0.79) (-1.43) (-0.40) 

Average time taken from household to plot -23.98* 5.544 -29.52* -3.024 -26.50* 

 
(-1.68) (0.82) (-1.97) (-0.51) (-1.76) 

Cultivated Farm size (ha) -1.751 11.99** -13.74 1.574 -15.31 

 
(-0.09) (2.01) (-0.70) (0.31) (-0.78) 

Age  0.0612 -0.248 0.310 0.162 0.148 

 
(0.11) (-1.25) (0.56) (1.06) (0.27) 

Group 1 4.460 15.49* -11.03 2.868 -13.90 

 
(0.20) (1.75) (-0.50) (0.41) (-0.61) 

Group 2 25.04 10.40 14.64 -0.518 15.16 

 
(1.51) (1.57) (0.92) (-0.09) (0.91) 

Prop of working age members with 

education 
-6.175 25.89** -32.06 0.869 -32.93 

 

(-0.20) (2.36) (-1.00) (0.09) (-1.06) 

Number of members in working age group -7.789* 0.384 -8.173** 0.458 -8.631** 

 
(-1.84) (0.22) (-2.12) (0.36) (-2.17) 

Prop of women in working age group -8.073 -21.27* 13.19 1.921 11.27 

 
(-0.25) (-1.75) (0.40) (0.21) (0.34) 

Female headed HH -5.402 6.172 -11.57 -1.131 -10.44 

 
(-0.37) (1.10) (-0.83) (-0.27) (-0.74) 

Mwea section -27.63 -22.55** -5.075 9.898 -14.97 

 
(-0.88) (-2.00) (-0.17) (1.07) (-0.50) 

Tebere section -39.33 -15.31 -24.02 4.004 -28.02 

 
(-1.62) (-1.51) (-1.08) (0.59) (-1.24) 

Thiba section -22.82 -13.08 -9.743 -3.094 -6.649 

 
(-1.04) (-1.31) (-0.52) (-0.47) (-0.36) 

Wamumu section -29.73 -26.14** -3.592 11.87 -15.47 

 
(-0.91) (-2.12) (-0.11) (1.28) (-0.49) 

Owning irrigation pump dummy -13.96 -9.897 -4.067 1.789 -5.856 

 
(-0.81) (-1.61) (-0.23) (0.35) (-0.32) 

Number of members NOT in working age 

group 
-75.78*** 10.74 -86.53*** -1.615 -84.91*** 

 
(-2.76) (0.89) (-3.00) (-0.15) (-3.03) 

Value of other assets 0.454*** 0.0943* 0.360*** 0.0187 0.341** 

 
(3.62) (1.79) (2.82) (0.41) (2.59) 

      Predicted amount of credit from MRGM 1.458 1.272* 0.186 -0.299 0.485 

 

(0.68) (1.70) (0.09) (-0.50) (0.23) 

Predicted amount of credit from Trader -1.155 6.698** -7.853 -0.133 -7.720 

 

(-0.14) (2.24) (-0.92) (-0.05) (-0.94) 

Predicted amount of credit from 

MRGM+Trader 
-4.377 -1.095 -3.281 1.145 -4.427 

 
(-1.48) (-0.91) (-1.13) (1.56) (-1.47) 

Constant 270.6*** 35.73 234.8*** 18.85 216.0*** 

 
(3.75) (1.44) (3.23) (0.90) (3.01) 

Number of Observations 243 243 243 243 243 

R-squared 0.180 0.054 0.168 0.114 0.163 

P-Value 0.000 0.850 0.000 0.074 0.000 

F-statistic 3.471 0.681 3.067 1.515 2.806 

t statistics in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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Table A4-4 
The Determinants of Value of output, Costs, Income and Profits per Ha (First Stage TOBIT model) 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 3.808 -11.18** 14.99 -0.663 15.65 

 
(0.27) (-2.19) (1.03) (-0.15) (1.11) 

Average Distance from intake -13.22 16.77* -29.99 -4.308 -25.68 

 
(-0.57) (1.95) (-1.24) (-0.71) (-1.07) 

Average time taken from household to plot 50.31 -230.1** 280.5 -5.796 286.3 

 
(0.18) (-2.22) (0.95) (-0.07) (1.01) 

Cultivated Farm size (ha) 15.39 -53.93** 69.32 1.666 67.65 

 
(0.23) (-2.19) (1.01) (0.08) (1.02) 

Age  -0.585 2.290** -2.874 0.158 -3.033 

 
(-0.21) (2.28) (-0.98) (0.18) (-1.07) 

Group 1 90.67 -288.1** 378.8 1.624 377.2 

 
(0.25) (-2.22) (1.01) (0.01) (1.05) 

Group 2 -32.23 143.5** -175.7 4.581 -180.3 

 
(-0.19) (2.29) (-0.98) (0.09) (-1.04) 

Prop of working age members with 

education 
-8.704 -50.46** 41.76 5.607 36.15 

 

(-0.12) (-1.99) (0.59) (0.26) (0.53) 

Number of members in working age group -15.31 24.50** -39.81 0.860 -40.67 

 
(-0.51) (2.22) (-1.30) (0.09) (-1.37) 

Prop of women in working age group -25.78 88.42** -114.2 -0.455 -113.7 

 
(-0.23) (2.19) (-1.01) (-0.01) (-1.06) 

Female headed HH 21.71 -108.0** 129.7 -0.365 130.1 

 
(0.16) (-2.21) (0.94) (-0.01) (0.98) 

Mwea section -188.3 550.3** -738.6 11.65 -750.3 

 
(-0.27) (2.23) (-1.05) (0.05) (-1.10) 

Tebere section -476.0 1253.9** -1729.8 26.04 -1755.9 

 
(-0.30) (2.22) (-1.07) (0.05) (-1.12) 

Thiba section -35.67 85.81** -121.5 -6.652 -114.8 

 
(-0.30) (2.13) (-0.99) (-0.18) (-0.97) 

Wamumu section -642.6 1750.0** -2392.7 43.44 -2436.1 

 
(-0.29) (2.22) (-1.06) (0.06) (-1.12) 

Owning irrigation pump dummy -136.9 372.4** -509.3 6.791 -516.1 

 
(-0.29) (2.21) (-1.06) (0.05) (-1.11) 

Number of members NOT in working age 

group 
-17.90 -171.7** 153.8 -3.902 157.7 

 
(-0.08) (-2.32) (0.71) (-0.06) (0.76) 

Value of other assets 1.802 -4.257** 6.059 -0.0229 6.082 

 
(0.34) (-2.21) (1.10) (-0.01) (1.14) 

Predicted amount of credit from MRGM 2.704 -7.357** 10.06 -0.164 10.22 

 

(0.30) (-2.23) (1.07) (-0.06) (1.12) 

Predicted amount of credit from Trader 4.550 -16.43** 20.98 -0.0461 21.02 

 

(0.22) (-2.24) (1.00) (-0.01) (1.04) 

Predicted amount of credit from 

MRGM+Trader 
-1.026 2.655** -3.681 0.0737 -3.754 

 
(-0.31) (2.22) (-1.08) (0.07) (-1.14) 

Constant 295.5 -203.1 498.6 29.06 469.5 

 
(0.84) (-1.61) (1.38) (0.27) (1.34) 

Number of Observations 243 243 243 243 243 

R-squared 0.180 0.054 0.168 0.114 0.163 

P-Value 0.000 0.850 0.000 0.074 0.000 

F-statistic 3.471 0.681 3.067 1.515 2.806 

t statistics in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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Table A4-5 

Reduced Form Estimates for the Determinants of Value of output, Costs, Income and Profits per 

Ha 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 0.536 0.203 0.333 -0.599* 0.933 

 
(0.60) (0.64) (0.37) (-1.94) (0.97) 

Average Distance from intake 1.003 2.177 -1.173 -6.647* 5.474 

 
(0.09) (0.55) (-0.10) (-1.68) (0.44) 

Average time taken from household to plot -33.30*** -1.879 -31.43*** -0.614 -30.81*** 

 
(-2.80) (-0.30) (-2.73) (-0.13) (-2.76) 

Cultivated Farm size (ha) 9.548 1.522 8.026 -0.246 8.272 

 
(0.77) (0.42) (0.65) (-0.09) (0.64) 

Age  0.468 0.191 0.276 0.0474 0.229 

 
(0.96) (1.02) (0.61) (0.35) (0.49) 

Group 1 -7.349 3.408 -10.76 6.322 -17.08 

 
(-0.59) (0.71) (-0.84) (1.32) (-1.26) 

Group 2 19.49 5.918 13.57 1.143 12.43 

 
(1.35) (1.06) (0.96) (0.22) (0.84) 

Prop of working age members with 

education 
0.580 2.763 -2.183 0.186 -2.370 

 

(0.04) (0.50) (-0.16) (0.04) (-0.17) 

Number of members in working age group -4.004 0.251 -4.255 -0.212 -4.043 

 
(-1.17) (0.16) (-1.41) (-0.18) (-1.31) 

Prop of women in working age group -13.36 2.532 -15.89 1.944 -17.84 

 
(-0.70) (0.33) (-0.95) (0.30) (-1.08) 

Female headed HH -7.200 2.229 -9.429 -0.435 -8.994 

 
(-0.57) (0.44) (-0.80) (-0.10) (-0.75) 

Mwea section -16.91 -2.071 -14.84 5.917 -20.76 

 
(-1.27) (-0.36) (-1.09) (1.07) (-1.42) 

Tebere section -18.22 -7.981 -10.24 -2.408 -7.833 

 
(-1.19) (-1.09) (-0.66) (-0.48) (-0.49) 

Thiba section -8.898 -8.813 -0.0856 -7.150 7.065 

 
(-0.52) (-1.13) (-0.01) (-1.20) (0.48) 

Wamumu section -6.866 -6.585 -0.281 4.315 -4.597 

 
(-0.48) (-1.17) (-0.02) (0.81) (-0.29) 

Owning irrigation pump dummy 2.735 -1.438 4.173 -2.358 6.531 

 
(0.30) (-0.40) (0.44) (-0.71) (0.66) 

Number of members NOT in working age 

group 
-63.32*** -6.412 -56.91*** -3.559 -53.35** 

 
(-3.06) (-0.74) (-2.72) (-0.48) (-2.60) 

Value of other assets 0.336*** 0.0326 0.303*** 0.0531 0.250*** 

 
(5.14) (1.16) (4.15) (1.44) (3.00) 

Farming after 2000 dummy 21.70 -3.793 25.49* -4.612 30.11** 

 

(1.65) (-0.72) (1.89) (-1.27) (2.13) 

Drop out dummy -1.099 0.295 -1.394 -1.358 -0.0363 

 
(-0.11) (0.08) (-0.13) (-0.43) (-0.00) 

Settler dummy -1.589 -11.65** 10.06 1.105 8.955 

 
(-0.11) (-2.24) (0.69) (0.25) (0.63) 

Constant 199.4*** 77.64*** 121.8*** 33.58*** 88.20** 

 
(5.13) (4.13) (3.30) (2.83) (2.33) 

Number of Observations 243 243 243 243 243 

R-squared 0.180 0.054 0.168 0.114 0.163 

P-Value 0.000 0.850 0.000 0.074 0.000 

F-statistic 3.471 0.681 3.067 1.515 2.806 

t statistics in parentheses * p<0.1  ** p<0.05  *** p<0.01  
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Table A4-6 
The Determinants of Value of output, Costs, Income and Profits per Ha (First Stage OLS model) 

Hypothetical case 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 0.322 0.778* -0.456 -0.619 0.163 

 
(0.26) (1.84) (-0.38) (-1.50) (0.13) 

Average Distance from intake -5.695 5.487 -11.18 -5.702 -5.480 

 
(-0.41) (1.13) (-0.78) (-1.43) (-0.37) 

Average time taken from household to plot -24.66 5.857 -30.52* -3.159 -27.36* 

 
(-1.64) (0.84) (-1.94) (-0.50) (-1.73) 

Cultivated Farm size (ha) -2.184 12.85** -15.04 1.828 -16.87 

 
(-0.11) (2.11) (-0.73) (0.34) (-0.82) 

Age  0.0530 -0.245 0.298 0.171 0.127 

 
(0.09) (-1.25) (0.51) (1.04) (0.22) 

Group 1 6.203 16.32* -10.12 3.280 -13.40 

 
(0.27) (1.84) (-0.43) (0.44) (-0.56) 

Group 2 27.11 10.81* 16.30 -0.456 16.76 

 
(1.54) (1.67) (0.96) (-0.08) (0.94) 

Prop of working age members with 

education 
-6.124 27.25** -33.37 1.258 -34.63 

 

(-0.19) (2.39) (-0.99) (0.12) (-1.06) 

Number of members in working age group -8.227* 0.392 -8.619** 0.497 -9.116** 

 
(-1.85) (0.22) (-2.11) (0.36) (-2.16) 

Prop of women in working age group -8.607 -22.55* 13.95 1.826 12.12 

 
(-0.25) (-1.79) (0.40) (0.18) (0.34) 

Female headed HH -6.091 6.198 -12.29 -1.183 -11.11 

 
(-0.39) (1.07) (-0.83) (-0.27) (-0.74) 

Mwea section -29.13 -23.18** -5.953 10.59 -16.54 

 
(-0.88) (-1.97) (-0.19) (1.06) (-0.53) 

Tebere section -42.35 -16.23 -26.12 4.393 -30.51 

 
(-1.64) (-1.63) (-1.12) (0.60) (-1.27) 

Thiba section -24.84 -14.32 -10.51 -3.308 -7.206 

 
(-1.08) (-1.41) (-0.54) (-0.46) (-0.37) 

Wamumu section -32.90 -27.66** -5.245 12.68 -17.92 

 
(-0.96) (-2.22) (-0.16) (1.27) (-0.53) 

Owning irrigation pump dummy -14.58 -10.47* -4.115 1.845 -5.960 

 
(-0.80) (-1.69) (-0.22) (0.33) (-0.31) 

Number of members NOT in working age 

group 
-80.12*** 10.09 -90.22*** -1.615 -88.60*** 

 
(-2.76) (0.83) (-2.94) (-0.14) (-2.97) 

Value of other assets 0.489*** 0.103* 0.386*** 0.0207 0.366*** 

 
(3.71) (1.91) (2.86) (0.42) (2.61) 

Predicted amount of credit from MRGM 1.324 1.208 0.116 -0.300 0.416 

 

(0.59) (1.57) (0.05) (-0.46) (0.19) 

Predicted amount of credit from Trader -0.925 6.225** -7.149 -0.0732 -7.076 

 

(-0.11) (2.03) (-0.80) (-0.03) (-0.82) 

Predicted amount of credit from 

MRGM+Trader 
-4.789 -1.518 -3.271 1.218 -4.489 

 
(-1.53) (-1.30) (-1.07) (1.54) (-1.41) 

Constant 284.7*** 42.05 242.7*** 19.86 222.8*** 

 
(3.74) (1.63) (3.17) (0.88) (2.94) 

Number of Observations 243 243 243 243 243 

R-squared 0.176 0.062 0.161 0.114 0.153 

P-Value 0.000 0.793 0.000 0.075 0.000 

F-statistic 3.371 0.736 2.882 1.512 2.632 

     t statistics in parentheses * p<0.1  ** p<0.05  *** p<0.01  
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Table A4-7 
The Determinants of Value of output, Costs, Income and Profits per Ha (First Stage Tobit model) 

Hypothetical case 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 3.497 -10.22* 13.72 -0.830 14.55 

 
(0.24) (-1.95) (0.90) (-0.17) (0.98) 

Average Distance from intake -12.91 15.90* -28.80 -4.534 -24.27 

 
(-0.53) (1.79) (-1.14) (-0.70) (-0.96) 

Average time taken from household to plot 42.42 -210.4** 252.8 -8.552 261.4 

 
(0.14) (-1.99) (0.82) (-0.09) (0.88) 

Cultivated Farm size (ha) 12.71 -48.00* 60.70 1.250 59.45 

 
(0.18) (-1.90) (0.85) (0.05) (0.86) 

Age  -0.513 2.096** -2.609 0.194 -2.803 

 
(-0.17) (2.02) (-0.85) (0.20) (-0.94) 

Group 1 82.37 -263.3** 345.7 -1.171 346.9 

 
(0.22) (-1.97) (0.88) (-0.01) (0.91) 

Group 2 -26.82 131.5** -158.4 6.370 -164.7 

 
(-0.15) (2.06) (-0.84) (0.11) (-0.90) 

Prop of working age members with education -11.11 -44.69* 33.58 5.513 28.07 

 
(-0.15) (-1.71) (0.45) (0.24) (0.39) 

Number of members in working age group -15.32 22.38** -37.69 1.183 -38.88 

 
(-0.48) (1.98) (-1.17) (0.12) (-1.24) 

Prop of women in working age group -22.67 79.39* -102.1 0.426 -102.5 

 
(-0.19) (1.92) (-0.87) (0.01) (-0.91) 

Female headed HH 16.98 -99.44** 116.4 -1.536 118.0 

 
(0.12) (-1.99) (0.80) (-0.03) (0.84) 

Mwea section -170.5 504.8** -675.2 18.34 -693.6 

 
(-0.24) (2.00) (-0.91) (0.08) (-0.97) 

Tebere section -438.9 1146.5** -1585.4 40.97 -1626.3 

 
(-0.26) (1.98) (-0.93) (0.08) (-0.99) 

Thiba section -32.68 78.66* -111.3 -6.124 -105.2 

 
(-0.26) (1.91) (-0.86) (-0.15) (-0.85) 

Wamumu section -590.5 1599.0** -2189.5 64.65 -2254.1 

 
(-0.26) (1.98) (-0.92) (0.09) (-0.98) 

Owning irrigation pump dummy -125.8 340.2* -466.0 11.13 -477.1 

 
(-0.26) (1.97) (-0.92) (0.07) (-0.97) 

Number of members NOT in working age group -27.67 -157.2** 129.6 -5.944 135.5 

 
(-0.12) (-2.05) (0.57) (-0.09) (0.62) 

Value of other assets 1.694 -3.896** 5.590 -0.0683 5.658 

 
(0.30) (-1.98) (0.97) (-0.04) (1.01) 

Predicted amount of credit from MRGM 2.471 -6.728** 9.199 -0.250 9.449 

 

(0.26) (-1.99) (0.93) (-0.08) (0.98) 

Predicted amount of credit from Trader 4.013 -15.13** 19.15 -0.218 19.37 

 

(0.19) (-2.01) (0.87) (-0.03) (0.91) 

Predicted amount of credit from MRGM+Trader -0.951 2.420** -3.371 0.106 -3.477 

 
(-0.27) (1.98) (-0.94) (0.09) (-1.00) 

Constant 296.8 -183.3 480.1 28.40 451.7 

 
(0.80) (-1.41) (1.26) (0.24) (1.23) 

Number of Observations 243 243 243 243 243 
R-squared 0.176 0.062 0.161 0.114 0.153 
P-Value 0.000 0.793 0.000 0.075 0.000 
F-statistic 3.371 0.736 2.882 1.512 2.632 

t statistics in parentheses * p<0.1  ** p<0.05  *** p<0.01 
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Table A4-8 

Reduced Form Estimates for the Determinants of Value of output, Costs, Income and Profits per 

Ha. Hypothetical case 

 
(1) (2) (3) (4) (5) 

 

Value of 

Output 
Paid Cost Income  Own Cost 

Residual 

Profit 

Number of farmers along feeder canal 0.582 0.249 0.333 -0.645* 0.978 

 
(0.61) (0.74) (0.35) (-1.94) (0.96) 

Average Distance from intake 1.202 3.332 -2.130 -7.184* 5.054 

 
(0.10) (0.79) (-0.16) (-1.69) (0.38) 

Average time taken from household to plot -34.32*** -1.809 -32.52*** -0.668 -31.85*** 

 
(-2.73) (-0.28) (-2.70) (-0.13) (-2.72) 

Cultivated Farm size (ha) 8.833 3.817 5.016 -0.218 5.234 

 
(0.68) (1.12) (0.39) (-0.08) (0.39) 

Age  0.484 0.202 0.283 0.0537 0.229 

 
(0.94) (1.08) (0.59) (0.37) (0.47) 

Group 1 -6.695 3.804 -10.50 6.850 -17.35 

 
(-0.51) (0.79) (-0.77) (1.33) (-1.21) 

Group 2 20.85 5.933 14.92 1.280 13.64 

 
(1.36) (1.06) (0.99) (0.23) (0.86) 

Prop of working age members with education 1.107 6.585 -5.478 0.260 -5.738 

 

(0.07) (1.15) (-0.38) (0.05) (-0.39) 

Number of members in working age group -4.712 0.394 -5.106 -0.210 -4.896 

 
(-1.31) (0.24) (-1.60) (-0.17) (-1.50) 

Prop of women in working age group -13.64 -0.801 -12.84 2.109 -14.94 

 
(-0.68) (-0.10) (-0.72) (0.30) (-0.84) 

Female headed HH -8.245 2.253 -10.50 -0.476 -10.02 

 
(-0.62) (0.44) (-0.84) (-0.11) (-0.78) 

Mwea section -16.39 -2.505 -13.88 6.523 -20.41 

 
(-1.15) (-0.45) (-0.97) (1.10) (-1.32) 

Tebere section -17.43 -6.111 -11.32 -2.454 -8.869 

 
(-1.07) (-0.87) (-0.69) (-0.45) (-0.53) 

Thiba section -8.742 -8.342 -0.401 -7.637 7.236 

 
(-0.49) (-1.05) (-0.02) (-1.19) (0.47) 

Wamumu section -5.602 -5.806 0.204 4.729 -4.525 

 
(-0.37) (-1.03) (0.01) (0.83) (-0.27) 

Owning irrigation pump dummy 2.788 -1.170 3.958 -2.492 6.450 

 
(0.29) (-0.32) (0.39) (-0.70) (0.62) 

Number of members NOT in working age group -67.59*** -4.869 -62.72*** -3.878 -58.85*** 

 
(-3.05) (-0.54) (-2.84) (-0.48) (-2.71) 

Value of other assets 0.355*** 0.0300 0.325*** 0.0571 0.268*** 

 
(5.15) (1.00) (4.17) (1.44) (3.01) 

Farming after 2000 dummy 22.18 -1.777 23.96* -4.964 28.92* 

 
(1.59) (-0.35) (1.69) (-1.26) (1.93) 

Drop out dummy 2.470 1.982 0.487 -1.539 2.027 

 

(0.23) (0.55) (0.04) (-0.45) (0.18) 

Settler dummy -2.257 -11.21** 8.948 1.064 7.884 

 
(-0.15) (-2.09) (0.58) (0.23) (0.53) 

Constant 210.2*** 74.18*** 136.0*** 36.10*** 99.89** 

 
(5.10) (4.01) (3.53) (2.83) (2.52) 

Number of Observations 243 243 243 243 243 

R-squared 0.176 0.062 0.161 0.114 0.153 

P-Value 0.000 0.793 0.000 0.075 0.000 

F-statistic 3.371 0.736 2.882 1.512 2.632 

t statistics in parentheses * p<0.1  ** p<0.05  *** p<0.01 
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Table A4-9 
Determinants of having a ratoon crop (First Stage Probit model) 

  (1) (2) 

 

Ratoon dummy Ratoon dummy 

      

Number of farmers along feeder canal 0.015 0.020 

 
(0.794) (1.007) 

Average Distance from intake -0.557** -0.628** 

 
(-2.327) (-2.435) 

Average time taken from household to plot -0.129 -0.154 

 
(-0.512) (-0.600) 

Farm size (ha) -0.164 -0.216 

 
(-0.934) (-1.126) 

Age  -0.006 -0.004 

 
(-0.847) (-0.501) 

Group 1 1.155*** 1.086*** 

 
(4.036) (3.716) 

Group 2 1.005*** 0.770** 

 

(0.294) (0.393) 

Number of members in working age group 0.003 -0.025 

 
(3.204) (2.441) 

Prop of working age members with education 0.071 0.109 

 
(0.036) (-0.322) 

Prop of women in working age group 0.237 0.228 

 
(0.678) (0.590) 

Female headed HH -0.445* -0.545** 

 
(-1.729) (-1.975) 

Mwea section -0.493 -0.510 

 
(-1.521) (-1.502) 

Tebere section 0.217 0.312 

 
(0.658) (0.852) 

Thiba section 0.146 0.361 

 
(0.444) (1.006) 

Wamumu section -0.106 0.003 

 
(-0.325) (0.009) 

Owning irrigation pump dummy -0.264 -0.366 

 
(-1.186) (-1.522) 

Number of members NOT in working age 

group 0.179 0.078 

 
(0.358) (0.146) 

Value of other assets 0.003** 0.004** 

 
(1.962) (2.034) 

Rental value of land 0.054*** 0.041** 

 
(4.253) (1.978) 

Constant -2.037*** -1.487 

 

(-2.653) (-1.610) 

Number of Observations 243 214 

Log likelihood -131.3 -117.6 

Pseudo R-sq 0.220 0.206 

chi-sq 65.16 53.01 

P-Value 5.76e-07 4.67e-05 

Robust z-statistics in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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Table A4-10 

Impact of a ratoon crop on farm performance (treatment effect model) 

 
(1) (2) (3) 

 
(4) (5) (6) 

 

Total 

Value of 

Output 

Total 

Income 

Total 

Residual 

Profit 
 

Total 

Value of 

Output 

Total 

Income 

Total 

Residual 

Profit 

        Number of farmers along feeder canal 0.0839 0.366 0.888 
 

0.424 0.876 0.714 

 
(0.08) (0.41) (0.95) 

 
(0.35) (0.85) (0.56) 

Average Distance from intake 19.76 -3.544 3.666 
 

21.36 -11.27 23.38 

 
(1.32) (-0.23) (0.24) 

 
(1.27) (-0.61) (1.32) 

Average time taken from household to plot -18.84 -25.75** -26.86*** 
 

-12.66 -26.88** -19.09 

 
(-1.52) (-2.55) (-2.59) 

 
(-0.95) (-2.34) (-1.39) 

Farm size (ha) 0.981 -2.79 -3.054 
 

-5.775 -14.62 -6.95 

 
(0.08) (-0.27) (-0.29) 

 
(-0.60) (-1.56) (-0.68) 

Age  -0.0738 -0.259 -0.385 
 

-0.158 -0.308 -0.266 

 
(-0.18) (-0.63) (-0.92) 

 
(-0.37) (-0.72) (-0.59) 

Group 1 -63.90*** -23.62 -32.48 
 

-56.39*** -9.623 -68.18*** 

 
(-3.18) (-1.03) (-1.44) 

 
(-3.15) (-0.39) (-3.19) 

Group 2 -34.24* -2.2 -4.076 
 

-30.59 3.836 -32.02 

 
(-1.74) (-0.10) (-0.19) 

 
(-1.60) -0.19 (-1.55) 

Number of members in working age group -2.444 -3.145 -3.154 
 

-0.68 -2.596 -1.312 

 
(-0.68) (-1.03) (-1.02) 

 
(-0.17) (-0.71) (-0.33) 

Prop of working age members with 

education 
-2.76 -5.335 -4.801 

 
-23.96 -15.43 -22.41 

 
(-0.19) (-0.40) (-0.34) 

 
(-1.45) (-0.96) (-1.34) 

Prop of women in working age group -34.81* -22.9 -24.57 
 

-41.58** -23.66 -37.75* 

 
(-1.84) (-1.40) (-1.43) 

 
(-1.96) (-1.25) (-1.79) 

Female headed HH 17.44 -1.184 -0.201 
 

14.05 -11.05 16.07 

 
(1.23) (-0.08) (-0.01) 

 
(0.91) (-0.62) (0.98) 

Mwea section -19.28 -30.46* -33.35** 
 

-8.471 -31.79* -18.3 

 
(-1.09) (-1.89) (-2.00) 

 
(-0.46) (-1.76) (-0.93) 

Tebere section -45.95** -23.86 (20.32) 
 

-34.24 -17.21 -34.06 

 
(-2.57) (-1.49) (-1.23) 

 
(-1.52) (-0.87) (-1.39) 

Thiba section 6.122 18.89 25.01 
 

20.32 33.55* 17.87 

 
(0.35) (1.24) (1.64) 

 
(0.97) (1.77) (0.84) 

Wamumu section -12.06 -5.682 -8.093 
 

-6.29 -1.641 -8.298 

 
(-0.71) (-0.37) (-0.50) 

 
(-0.33) (-0.09) (-0.42) 

Owning irrigation pump dummy 18.27 8.446 13.46 
 

10.48 -1.818 17.74 

 
(1.49) (0.74) (1.13) 

 
(0.76) (-0.13) (1.17) 

Prop of dependents in the HH -42.54* -37.82* -35.38 
 

-43.57* -37.17 -35.87 

 
(-1.82) (-1.73) (-1.62) 

 
(-1.66) (-1.52) (-1.35) 

Value of other assets 0.184* 0.305*** 0.257** 
 

0.207** 0.370*** 0.174 

 
(1.83) (3.18) (2.5) 

 
(1.97) (3.61) (1.45) 

Rental value of land 2.911*** 3.390*** 2.723** 
 

0.733 3.584** 1.537 

 
(2.9) (3.02) (2.42) 

 
(0.47) (2.52) (0.95) 

Ratoon dummy 161.2*** 28.81 32.55 
 

171.0*** -0.458 145.7*** 

 
(4.78) (0.55) (0.66) 

 
-5.91 (-0.01) (3.7) 

Constant 143.1*** 86.33** 77.81** 
 

204.0*** 101.7** 77.36 

 
(3.22) (2.39) (2.08) 

 
(3.17) (1.97) (1.19) 

                Number of Observations 243 243 243 
 

214 214 214 

Log likelihood -1486.107 -1495.721 -1507.86 
 

-1300.907 -1315.827 -1321.356 

Wald (chi2) 187.619 168.955 135.415 
 

106.446 94.687 74.189 

Endogeneity test: Prob>chi2 0.0124 0.6405 0.8256 
 

0.0013 0.3839 0.0185 

t statistics in parentheses     * p<0.1  ** p<0.05  *** p<0.01 
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(1) 

 
(2) 

 
(3) 

 

Total Value 

of Output 

without 

ratoon 

Total 

Value of 

Output 

plus ratoon 

 

Total 

Income 

without 

ratoon 

Total 

Income 

plus 

ratoon 

 

Total Profit 

without 

ratoon 

Total 

Profit plus 

ratoon 

         Number of farmers along feeder canal -0.466 3.545* 
 

-0.348 2.716 
 

-0.0322 3.238 

 
(-0.51) -1.78 

 
(-0.35) -1.32 

 
(-0.03) -1.52 

Average Distance from intake -4.314 -9.11 
 

-9.499 -20.96 
 

-2.848 -12.83 

 
(-0.25) (-0.53) 

 
(-0.50) (-1.16) 

 
(-0.15) (-0.69) 

Average time taken from household to 

plot 
-11.09 -28.45* 

 
-11.91 -33.07** 

 
-16.73 -29.65 

 
(-0.99) (-1.82) 

 
(-1.00) (-2.00) 

 
(-1.35) (-1.63) 

Farm size (ha) 4.272 -11.21 
 

2.274 -8.131 
 

1.719 -8.563 

 
-0.3 (-0.87) 

 
-0.15 (-0.59) 

 
-0.11 (-0.60) 

Age  -0.686 -0.405 
 

-0.444 -0.41 
 

-0.521 -0.609 

 
(-1.13) (-0.85) 

 
(-0.71) (-0.82) 

 
(-0.78) (-1.17) 

Group 1 -24.07 13.91 
 

-25.2 16.18 
 

-34.52** 12.05 

 
(-1.51) -0.5 

 
(-1.40) -0.59 

 
(-1.98) -0.41 

Group 2 15.66 44.85 
 

3.699 58.04** 
 

8.817 58.27* 

 
-0.79 -1.52 

 
-0.18 -1.98 

 
-0.46 -1.86 

Number of members in working age 

group 
2.185 -6.376 

 
-0.725 -7.359 

 
-2.299 -5.414 

 
-0.63 (-1.20) 

 
(-0.20) (-1.33) 

 
(-0.59) (-0.99) 

Prop of working age members with 

education 
9.744 -1.941 

 
1.641 2.984 

 
-0.118 7.882 

 
-0.66 (-0.08) 

 
-0.11 -0.11 

 
(-0.01) -0.31 

Prop of women in working age group -36.22* -3.554 
 

-32.43 -6.513 
 

-35.23 -3.519 

 
(-1.75) (-0.14) 

 
(-1.63) (-0.24) 

 
(-1.64) (-0.13) 

Female headed HH 0.53 -14.2 
 

-6.87 3.233 
 

-8.78 4.653 

 
-0.04 (-0.69) 

 
(-0.43) -0.14 

 
(-0.52) -0.21 

Mwea section -13.49 -83.34*** 
 

-16.9 -77.26*** 
 

-15.02 -90.32*** 

 
(-0.90) (-3.06) 

 
(-1.05) (-2.71) 

 
(-0.86) (-3.09) 

Tebere section -17.48 -39.44 
 

-0.437 -41.47 
 

2.818 -37.57 

 
(-0.95) (-1.45) 

 
(-0.02) (-1.42) 

 
-0.13 (-1.26) 

Thiba section -11.55 32.16 
 

-2.473 29.26 
 

2.414 34.92 

 
(-0.71) -1.31 

 
(-0.14) -1.1 

 
-0.13 -1.37 

Wamumu section -43.11** 1.506 
 

-31.39 11.75 
 

-36.96* 8.499 

 
(-2.35) -0.06 

 
(-1.57) -0.45 

 
(-1.70) -0.32 

Owning irrigation pump dummy 14.73 8.388 
 

7.668 12.27 
 

15.05 15.65 

 
-1.17 -0.58 

 
-0.57 -0.79 

 
-1.03 -0.97 

Prop of dependents in the HH -40.58* 9.912 
 

-51.22* 18.52 
 

-54.91* 30.66 

 
(-1.68) -0.27 

 
(-1.87) -0.5 

 
(-1.88) -0.83 

Value of other assets 0.292** 0.323*** 
 

0.323* 0.321*** 
 

0.31 0.268** 

 
-1.98 -3.01 

 
-1.75 -2.91 

 
-1.6 -2.32 

Rental value of land 5.097*** 2.587 
 

3.261*** 4.131** 
 

2.348*** 4.111** 

 
-5.95 -1.34 

 
-3.59 -2.16 

 
-2.58 -2.11 

Constant 121.2*** 148.9 
 

95.77** -0.677 
 

103.9** -44.95 

 
-2.9 -1.58 

 
-2.35 (-0.01) 

 
-2.35 (-0.51) 

         Number of Observations 243 
 

243 
 

243 

Log likelihood -1472.561 
 

-1484.092 
 

-1497.809 

Wald (chi2) 202.673 
 

109.451 
 

81.838 

Sigma 0 58.049*** 
 

60.556*** 
 

65.647*** 

Sigma 1 72.997*** 
 

78.65*** 
 

80.077*** 

Correlation coefficient r0 0.053 
 

0.181 
 

0.083 

Correlation coefficient r1 0.66 
 

0.679** 
 

0.671** 

Endogeneity test: Prob>chi2 0.2831 
 

0.0962* 
 

0.0396** 

t statistics in parentheses 
 

* p<0.1 ** p<0.05 *** p<0.01 

Table A4-11 

Determinants of farm performance between farmers with and without a ratoon crop (endogenous 

switching model) 
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Table A4-12 

Variable Description 
VARIABLES DEFINITION 

Number of farmers along feeder canal Number of farmers along a feeder canal 

Average Distance from intake 
Average Distance of plots from the  intake of feeder canal  in 

kilometers 

Average time taken from household to plot Average time taken from household to plot in hours 

Cultivated Farm size (ha) Size of farm cultivated by the household in Hectares 

Age  Age of household head in years 

Group 1 =1 if household belongs to Group 1 in water rotation schedule 

Group 2 =1 if household belongs to Group 2 in water rotation schedule 

Prop of working age members with education 
Prop of working age members who have completed primary 

education and above 

Number of members in working age group Number of members in the household between the ages 15 and 65 

Prop of women in working age group Prop of women in household between the ages 15 and 65 years 

Female headed HH =1 if household head is female 

Mwea section =1 if household belongs to Mwea section 

Tebere section =1 if household belongs to Tebere section 

Thiba section =1 if household belongs to Thiba section 

Wamumu section =1 if household belongs to Wamumu section 

Owning irrigation pump dummy =1 if household owns an irrigation pump  

Number of members NOT in working age 

group 

Number of members in the household below 15 years or above 65 

years 

Value of other assets Value of cattle, goats, sheep, farm equipment and machinery 

Rental value of land 
How much the household would have received if they had leased out 

the land  

Drop out dummy =1 if household dropped out from MRGM between 2000 and 2010 

Farming after 2000 dummy =1 if household started farming rice after 2000 

Settler dummy =1 if household head was allocated land by the government 
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Table A4-13 

Exchange Rates of Selected Countries in Asia and SSA 

Country Year Exchange rate to US $ 

Bangladesh 1987 30.95 Taka 

India 1987 12.96 Rupees 

Indonesia 1987 1634.8 Rupiah 

Nepal 1987 21.82 Rupees 

Philippines 1985 18.61 Peso 

Thailand 1987 25.72 Baht 

Kenya 2011 84.21 Kenya shilling 

Uganda 2007 1716 Uganda shilling 

Mozambique 2007 MT 27 

West Africa 2005/06 Average 526 French francs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


