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Abstract 
An intensive dairy and crop farming system found in the East African highlands 
provides manure and urine, taken from stalls of improved dairy cattle, for crops such as 
banana.  By using panel data of 894 rural households in 2003 and 2005 in Uganda, we 
find that the number of improved cattle per ha increases the organic fertilizer 
application on banana plots by 218 kilograms per ha.  We also find that banana farmers 
applied more organic fertilizer on less fertile soils.  Regarding banana yield, we find 
that one ton of the organic fertilizer per ha increases the banana yield by 10 percent, and 
a one percentage point increase in the soil organic matter (SOM) increases the banana 
yield by 7 percent.  Because the organic fertilizer application improves the SOM in the 
long-run, it has a long-term impact on the banana yield.  The intensive dairy and 
banana cropping system is an appropriate farming system in Uganda where soil 
degradation is severe and mineral fertilizer is expensive. 
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1. Introduction 

International prices for mineral fertilizer have increased significantly recently. 
The U.S. Gulf price of Diammonium Phosphate (DAP), for instance, has almost tripled 
from $252 per ton in January 2007 to $752 per ton in January 2008 (IFDC, 2008).  
Many experts believe that the fertilizer price will remain high for at least some years.  
Increased mineral fertilizer prices are likely to reduce the already low mineral fertilizer 
application in Sub-Saharan African countries.  It is, therefore, natural for farmers and 
policy makers to turn their attention to an alternative agricultural technology that use 
less mineral fertilizer.  The particular technology that we focus on in this paper is a 
mixed farming system of intensive dairy and crop farming system, which is adopted by 
some farmers in East African highlands (Otsuka and Yamano, 2005).  This farming 
system is based on the use of organic fertilizer generated from the manure and urine of 
improved dairy cattle, i.e., cross breeds of European and local cattle, which are often 
raised in stalls.  It is much easier for farmers to collect manure and urine from stalls, 
where improved cattle are usually kept, than collecting them from open grazing fields. 

The need for organic fertilizer application is acute in Uganda, as well as in 
other Sub-Saharan African countries, where land degradation is a serious concern 
(Smaling et al., 1997; Koning and Smaling, 2005; Pender et al., 2006).  Uganda has 
one of the lowest external fertilizer applications and one of the highest soil nutrient 
losses among Sub-Saharan African countries (Henao and Baanante, 2006).    
Long-term experimental studies show that continuous cultivation using low external 
inputs decreases soil fertility and crop yields.  A combination of mineral and organic 
fertilizers is necessary to sustain and improve crop production on depleted soils 
(Bationo et al., 1998; Bekunda et al., 1997).  Because the organic fertilizer is usually 
generated internally within a farming system, the total amount of soil nutrients does not 
increase unless external resources are brought in (Buresh, 1999).  Soil scientists, 
however, show that the nitrogen efficiency could be improved significantly by 
improving farm management at various steps starting from livestock feeding to crop 
harvesting (Rufino et al., 2006).  Although there have been some economic studies on 
crop-livestock farming systems in the past (e.g., McIntire, Bourzat, and Pingali, 1992), 
none of the previous studies has identified the causal impact of adopting an intensive 
dairy and crop farming system on crop production at the micro-level by using panel 
data.   

The purpose of this study, therefore, is to identify the causal impacts of 
adopting the intensive dairy and crop farming system on organic fertilizer application 
and crop production.  In particular, we examine banana production in Uganda by using 
panel data of 894 rural households, interviewed in 2003 and 2005.  We also use soil 
fertility data taken from the 894 households.  Banana is the most important staple crop 
in Uganda, yet it is one of the so called “orphan crops” that have been mostly neglected 
by international research institutions (Naylor et al., 2004; Smale and Tushemereirwe, 
2007).  Organic fertilizer is often used to create banana mats before planting banana 
and to mulch banana roots after planting.  Because organic fertilizer releases nitrogen 
over time during the long growing season of banana and returns moisture, the use of 
organic fertilizer on banana provides nutrients to the soil which is considered to have 
been depleted seriously over time in Uganda (Giller et al., 2006).   
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 The outline of the paper is as follows:  the next section describes the 
intensification of agriculture in Uganda.  Section 3 introduces the panel household data 
and soil fertility data used in this paper.  We explain the estimation models and 
variables in Section 4 and discuss the estimation results in Section 5.  Conclusion is in 
Section 6.  

2. Intensification of Agriculture in Uganda 

The need for replenishing soil fertility in Uganda is well recognized. Henao 
and Baanante (2006) estimate that the loss of Nitrogen, Phosphorus, and Potassium 
(NPK) in the 2002-2004 cropping seasons is about 66 kilograms per ha per year, which 
puts Uganda at the 14th highest loser of soil nutrients among African countries.  The 
land availability, at the same time, is rapidly declining in Uganda.  Because of a high 
population growth rate and slow population movement from rural to urban areas, the 
arable land per person has declined by half, from 0.6 ha per person in the 1960s to 0.3 
ha per person in the 2000s (FAO, 2008).  Although the current level of arable land per 
person in Uganda is comparable to that of South-East Asian countries, the land 
productivity in Uganda is well below that of such countries, which enjoy high land 
productivity largely due to the Asian Green Revolution.  Ugandan farmers, therefore, 
have a strong need to intensify their agricultural production, but few of them have 
access to irrigated water or apply mineral fertilizer because of the high prices of 
mineral fertilizer.  Moreover, banana production has been under-researched by 
international agricultural research organizations compared with other major crops such 
as rice and maize (Smale and Tushemereirwe, 2007).  Instead, the selection of banana 
varieties has been carried out by local farmers in the past (Gabre-Madhin and 
Haggblade, 2004).  Although there have been some developments of the 
hybridization of banana cultivars, the diffusion of such cultivars remains very limited 
(Smale and Tushemereirwe, 2007).  

 Under these conditions, some successful Ugandan farmers have adopted a 
farming system that integrates dairy and crop production.  In this farming system, 
farmers adopt improved dairy cattle that are cross-breeds of European and African cattle.  
Typically, the improved cattle are kept in stalls all day or at least at night.  While the 
improved cattle are kept in the stalls, they drop manure and urine in the stalls.  The 
manure and urine in the stalls can be easily collected and applied on banana and other 
crops.  Figure 1 depicts the typical farming system.  Note that the stall-feeding of 
cattle with internally cultivated feeds does not enhance the total amount of soil nutrients 
in the entire farming system (Buresh, 1999).  In fact, the total amount of nutrients will 
likely decline because of the export of nutrients from the plant-soil-animal system 
through harvested products and milk.  Such a system, however, enhances the internal 
cycling of nutrients, and the efficiency depends on farm management at various steps 
starting from feeding animals to crop (Rufino et al., 2006).  For instance, because the 
fermentation process actually absorbs nitrogen from outside, putting unprocessed 
organic fertilizer on cropping fields may reduce nitrogen availability to crops.  Thus, 
organic fertilizer should be fermented for a few months before being applied as compost 
on crops.  Many Ugandan farmers, however, apply organic fertilizer on crops without 
fully fermenting it.  According to our Uganda surveys, described in the next section, in 
more than 80 percent of the cases where organic fertilizer is applied on crops, farmers 
apply it without fully developing it into compost.  This suggests that there is a large 
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potential for public intervention through extension services to properly instruct how to 
apply organic fertilizer. 

In summary, the questions we ask in this paper are: (1) how much does the 
adoption of the intensive-dairy and banana farming system increase the organic 
fertilizer application on banana plots? (2) How much does the organic fertilizer 
application increase the banana yield?  An evaluation of a technology adoption, 
however, is not straightforward because the adopters could have had higher yields than 
non-adopters even before adopting the technology.  Thus, in the following sections, we 
employ panel data of 894 households in rural Uganda and try to isolate the causal 
impacts of the adoption of improved dairy cattle on the organic fertilizer application and 
banana yield. 

 

3. Data and Descriptive Analyses 

3.1. Data 

The data used in this study come from 894 households in rural Uganda surveyed 
both in 2003 and 2005 as part of the Research on Poverty, Environment, and 
Agricultural Technology (RePEAT) project, which was conducted by Makarere 
University, Foundation for Advanced Studies on International Development, and 
National Graduate Institute for Policy Studies (Yamano et al. 2004).1  The survey was 
conducted in August-October of 2003 and 2005, and the sample for the RePEAT project 
largely builds upon and complements a completed research project on policies for 
improved land management in Uganda, conducted by the International Food Policy 
Institute (IFPRI) and Makerere University between 1999 and 2001 (Pender et al., 2001).  
Along with the 2003 survey, soil samples were also collected and later tested at the 
National Agricultural Research Organization (NARO) laboratory in Uganda. 

 Table 1 shows the distributions of the 894 households divided into three 
regions.2  On average, the proportion of the sample households who own improved 
cattle increased from 10 percent to 12.6 percent over the survey periods.  In the West 
region, the proportion increased from 10.8 percent to 16.6 percent over the same period.  
The West region is an important part of the milk shed in Uganda because of its 
favorable environment for dairy production and good access to Kampala, the capital city 
of Uganda.  The recent liberalization of the milk market in Uganda seems to have 
encouraged milk production in this region.  The proportion of households who own 
improved cattle remains at the same level over time in the Central region and has 
slightly increased in the East region. 

We also report the average organic fertilizer application on banana plots in 
Table 1.  The organic fertilizer is usually created by mixing cattle manure with crop 

                                                  
1 The original sample size was 940. The second survey could not either find or interview 45 
households, resulting in a 4.8 % attrition rate.  Because the attrition rate is small, we do not 
think that the attrition causes significant biases in our estimations. 
2 The definitions of the three regions are provided at the bottom of Table 1. 
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residues.  As we explained earlier, most farmers apply cattle manure mixed with crop 
residues and other organic matters without fully developing it into compost.  In this 
paper, we do not distinguish the fully developed compost from dry animal manure 
because most farmers do not develop them into compost and may not be able to 
distinguish one from the other correctly even if they were asked.    

We also note that the measurement of the quantity of the organic fertilizer 
application is difficult.  We ask farmers the quantity of the organic fertilizer by the unit 
that they use most commonly, such as a wheelbarrow, and ask for the average 
dry-weight of organic fertilizer per unit of their choice.  Because the organic fertilizer 
is bulky and usually never actually weighed, such measurements are prone to errors.  
In addition, the quality and contents of the organic fertilizer also vary depending on 
feeds, materials mixed with the manure, and management.  Thus, we need to treat the 
organic fertilizer application with caution.  Even with such caution, Table 1 suggests 
that the organic fertilizer application on banana plots has increased significantly from 
156.2 to 286.1 kilograms per ha per year between the two surveys in Uganda.  The 
organic fertilizer application is much higher in the West region than in the other regions, 
and it has increased dramatically from 184.4 to 552.6 kilograms per ha in the West 
region.  We speculate that this is associated with the high adoption rate of the 
improved cattle in the region.  

In Uganda, Edmeades et al. (2007) find that more than 91 percent of banana 
farmers cultivate only endemic East African banana cultivars, about 7 percent of them 
cultivate at least some elite endemic East African banana cultivars, and the remaining 2 
percent cultivate some exotic or hybrid cultivars.  Thus, the majority of banana farmers 
in Uganda produce only endemic cultivars, although the same study also identifies 82 
distinct endemic cultivars among banana farmers.  In our surveys, we also find that 
less than 2 percent of banana farmers cultivate some hybrid banana cultivars.  
Regarding the endemic cultivars, we did not ask our respondents to identify the specific 
endemic cultivars because the respondents may not be able to name the specific banana 
cultivars.  Because only less than 2 percent of our respondents cultivate hybrid banana 
cultivars, we do not distinguish them from the endemic cultivars in this paper. 

Regarding the banana yield, we find that the banana yield in the West region is 
about 11 tons per ha per year, which is much higher than the yields at 4 to 5 tons per ha 
in the other regions.  The high banana yield is partly due to the high elevation and 
favorable rainfalls in the West region.  The yield figures are similar to ones found in 
Kalyebara et al. (2007).  They find yields of 9 and 5 tons per ha per year in medium 
and low productivity subsistence farmers, respectively.  Because our samples are 
mostly subsistence farmers, their estimates are similar to ours.  Another study by 
Bagamba et al. (2007) also finds the average banana yield to be 6 tons per ha per year 
among smallholder banana farmers.  Because estimating banana yields is difficult, 
finding comparable estimates in this and other studies suggests that our estimates are 
within a reasonable range. 
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3.2. Descriptive Analyses 

More importantly for the purposes of this study, we find that the organic 
fertilizer application increased in the West region over the years where the improved 
cattle adoption increased significantly in Table 1.  This suggests that the adoption of 
improved cattle has a positive impact on the organic fertilizer application, which may 
have contributed to the increased banana yield.  To examine this hypothesis further, in 
Table 2, we stratify our samples into three by cattle ownership: no cattle, local cattle 
only, and some improved cattle.  In Table 2, we find that the organic fertilizer 
application is higher among households with improved cattle than the other households.  
It is over 500 kilograms per ha among households with improved cattle but is only 208 
and 132 kilograms per ha among households with only local cattle and no cattle, 
respectively.  The banana yield is 7.3 tons per ha among households with improved 
cattle and is higher than the other households.  The high average yield is a result of 
bigger sizes of bunches and more numbers of bunches produced among the households 
with some improved cattle.  The average size of banana bunches is 14 kilograms 
among the households with improved cattle but is about 11 to 12 kilograms among the 
other households.  The number of bunches produced is about 182 bunches per ha 
among the households with improved cattle, while it is about 130 bunches per ha among 
the other households. 

Regarding the costs, applying organic fertilizer on banana plots takes more 
labor.  Thus, it may not be profitable to use it on banana plots.  Unfortunately, we do 
not have information about family labor use on banana production.  Instead, we only 
have paid-out costs, such as hired labor and purchased fertilizer costs.  Although we 
find that the hired labor cost is higher among the households with improved cattle than 
the other households, it costs only US$ 37 per ha, while the revenue is about US$ 500.  
Thus, the income, which is the revenue minus the paid-out costs, is US$ 466 per ha 
among the households with improved cattle.  Although it is not clear if the profit, 
which is the income minus the cost of the family labor, of the households with improved 
cattle is still higher than that of the other households, the income of the households with 
improved cattle is at least higher than that of the other households.  

To identify the causal impact of the adoption of improved cattle on the organic 
fertilizer application, we take advantage of having panel data and stratify the samples 
into four groups based on the adoption of the improved cattle over time (Table 3).  The 
first is the group of households who did not own improved cattle in both 2003 and 2005 
(we call this group No-No).  The second is the group of households who owned 
improved cattle in 2003 but not in 2005 (Yes-No).  The third is the group of 
households who did not own improved cattle in 2003 but own at least one in 2005 
(No-Yes).  The last group is the group of households who owned improved cattle both 
in 2003 and 2005 (Yes-Yes).   

The No-Yes group provides us a before-after comparison of the adoption of 
improved cattle over time.  The organic fertilizer application of the No-Yes group 
increased from 158.8 kilograms per ha to 732.6 kilograms per ha, an increase of 573.8 
kilograms per ha.  Admittedly there are only about 70 banana plots that belong to this 
group, and measurements of the organic fertilizer applications in general have large 
measurement errors.  As a result, the standard errors are relatively large.  The 
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difference over the two year period of this group, nonetheless, is statistically significant 
at the one percentage level.  We also find a large increase of 295 kilograms per ha in 
the organic fertilizer application over time among the Yes-Yes group.  Thus it seems 
that among improved cattle owners, the use of organic fertilizer has increased over time.  
On the other hand, the organic fertilizer application has only increased slightly among 
the Yes-No group.  The results in the table at least suggest that there may be a causal 
impact from the improved cattle ownership to the organic fertilizer application.    

 

3.3 Soil Sampling and Fertility  

Along with the 2003 survey, we also conducted soil sampling and tested for 
soil contents.  Note, however, that we did not collect soil samples from banana fields 
because the main purpose of the soil sampling was to analyze cereal crop production, 
such as maize, and the budget was insufficient to collect and test soil samples from all 
plots.  Thus, we collected soil samples from one annual crop plot cultivated by a 
sampled household in the first cropping season of 2003.  When a household produced 
none of the annual crops, we did not collect soil samples.  The total number of soil 
samples is 632 from 632 households.  Out of them, only 565 soil samples provide valid 
soil analysis results.  The results are presented in Table 4.  The soil samples were 
collected at a depth of 0-20 cm depth at five different positions within each plot and 
mixed.  The soil samples were air-dried and ground to pass a 2 mm sieve and analyzed 
for pH, Organic Matter (OM) and texture at the National Agricultural Research 
Organization (NARO) Laboratory in Uganda.  Soil pH was measured using a soil to 
water ration of 1:2.5.   

In Table 4, we find that soil organic matter (SOM) in the West region is 6.7 
percent, which is much higher than the 4.7 percent in the Central region and the 4.2 
percent in the East region.  SOM is derived from the decayed tissues of plants and 
animals and from animal excreta, particularly urine (Ngugi et al., 1990).  The decayed 
organic remains contain carbon and nitrogen, in addition to other elements, vital for 
plant growth.  Physically, SOM provides absorptive areas for water and nutrients.  
Because it is now recognized that SOM tightly controls many soil properties and major 
biogeochemical cycles, its status is often taken as a strong indicator of soil fertility and 
land degradation (Manlay et al., 2007).  Thus, the results in Table 4 suggest that the 
soil fertility in the West region is much better than that of the other regions.   

Soil pH strongly influences the availability of various soil nutrients to plants.  
Too low pH (acid) or too high pH (alkaline) may impair plant growth (Ngugi et al., 
1990).  On average, we find that the soils are more acidic in the West region than in the 
East and Central regions.  However, what matters is if it is too acid or alkaline.  Thus, 
in the later analyses in this paper, we create a dummy variable for too low pH (< 6).  
We did not find soils that are too high pH (>8).  Regarding the soil texture, we find it is 
slightly more sandy in the West region than in the other two regions.  In the following 
analyses in this paper, we use the following soil variables: the SOM, one dummy for too 
low pH, and the proportion of sand.  Because these variables are stable in the short-run, 
we treat them as exogenous variables. 
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4. Estimation models and Variables 

4.1. Estimation models 

 First, we present the results from the determinants of the adoption of improved 
cattle.  Improved cattle are more expensive than local cattle.  For instance, an 
improved cow costs about $200 per head, while a local cow costs about $80 per head.  
An improved heifer is also much more expensive than a local heifer.  Thus, wealthier 
households are more likely to adopt improved cattle.  The need to adopt improved 
cattle is high in areas where there is little grazing land.  Historically, cattle are grazed 
on communal grazing lands in Uganda.  Although there remain some areas where 
cattle are still grazed, the communal grazing land is probably diminishing because of the 
declining availability of land.  In our 2003 survey, we have asked the availability of 
communal grazing land per household at the community level.3  Out of the 94 
communities, 50 communities replied that there is no communal grazing land.  Even 
among the 44 communities where there is some communal grazing land, the median 
size of the communal land is about 0.2 ha per household.  Thus, we expect that the 
adoption of improved cattle and the size of communal land have a negative relationship.  
By the same argument, we also expect that the population pressure has a positive 
relationship with the adoption of improved cattle.  To test these hypotheses and 
estimate the determinants of the number of improved cattle owned at the household 
level, we estimate the following models: 

tchXtchtch eXN += β  (Tobit),    (1) 

where tchN  is the number improved cattle owned by household h in community c at 

time t; tchX  is a set of household and community characteristics; and tche  is the error 
term.  The household characteristics include variables that represent the household 
wealth and labor availability, and the community characteristics include the availability 
of the communal grazing land.  We describe all the variables in the next sub-section in 
detail.  For comparisons, we also estimate the same model for local cattle.  Because 
local cattle are mainly grazed, we expect that the availability of grazing land and the 
population pressure have the opposite signs on the local cattle than the improved cattle.  

  Next, we estimate the impacts of the number of improved cattle per ha on the 
organic fertilizer application on banana plots.  We estimate the application of the 
organic fertilizer use at the plot level.  A household may have multiple banana plots, 
which have different plot characteristics.  We expect, for instance, that a plot which is 
farther away from the homestead receives less organic fertilizer than one near the 

                                                  
3 We define communal land as any land that local people have open access to.  Among 94 
communities in our samples, there are 82 patches of communal land.  Out of them, 62 patches 
are communal grazing or pasture land, 14 are private land but open to the public, and the rest are 
bushes and natural forests.  Among the 62 patches of communal grazing land or pasture land, 
only 5 patches have any use restrictions, while 6 patches of the 14 privately owned land have 
restrictions.  
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homestead because the organic fertilizer is bulky and heavy.  Thus, we control for 
observed plot characteristics, such as the distance from the homestead to the plot and 
the size of the plot.  Banana farmers may apply more organic fertilizer on plots with 
poor soil fertility.  If we fail to control the soil fertility, the estimated impact of the 
organic fertilizer on the banana yield would be biased downward.  Fortunately for this 
study, we have soil fertility data on more than 60 percent of the sample households.  
Because the soil samples are taken from cereal crop plots, we match them at the 
household level to the banana production.  Thus, the soil fertility variables are at the 
household level.  The estimation model is 

tchpchpXtchPtchpStchtchNtchp euXPSNY +++++= ββββ  (Tobit), (2) 

where tchpY is the amount of organic fertilizer applied on plot p of household h in 

community c at time t; tchS is a set of soil characteristics of household h in community 

c at time t; tchpP is a set of plot characteristics; and chpu is the unobserved fixed plot 
effects.  The rest of the variables are as defined before.  Our main concern is the 
correlation between the independent variables and the omitted variables.  Especially, 
the number of the improved cattle and the organic fertilizer application could be both 
correlated with the unobserved plot characteristics, chpu .  Such biases could be 
eliminated at least partly by using the instrumental variables model.  The lack of 
plausible identification variables, however, makes it difficult to use the instrumental 
variables model.  As long as panel data are available, one can apply the fixed effects 
model.  A major problem of applying the least square fixed effects model is that the 
amount of organic fertilizer application per ha is censored at zero and the least square 
fixed effects model would be biased by the censoring.  Thus, in this paper, we simply 
report the Tobit estimates.  To examine if the Tobit estimates are biased, we estimate 
the same model with the Random and Fixed effects models at the household level, 
ignoring the censoring, to see if the estimated coefficients differ between the two 
models.  If the results are different between the two models, then there are omitted 
variables that create biases.  By examining the direction of the biases, we can 
determine at least if the Tobit estimates are under- or over-estimated. 

  Finally, we estimate the banana yield model as follows:  

tchpXtchPtchpStchtchpYtchp eXPSYZ ++++= ββββ , (5) 

where tchpY is the banana yield, tons per ha; and the rest of the variables are as defined 
before.  In this model, we are also concerned about the potential correlation between 
the omitted variables and the independent variables, especially the amount of organic 
fertilizer application. By following the same argument for the previous model on the 
organic fertilizer application, we estimate equation (4) with the OLS and fixed effects 
models to see if the OLE estimates are biased.   
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4.2 Variables 

The first dependent variable is the number of improved cattle owned by the 
household.  The number of improved cattle includes all types of cattle, such as calves, 
heifers, cows, and bulls.  We simply count the numbers of cattle and do not distinguish 
types.  Although this may overestimate the presence of calves and heifers because they 
produce less manure than cows and bulls, we simply count calves and heifers equally as 
cows and bulls because we do not know the age or weight of each animal.4  In addition, 
we also use the number of local cattle owned as another dependent variable to compare 
the results with the ones on improved cattle.   

 The second dependent variable is the amount of organic fertilizer, tons per ha 
per year, applied on the banana plot.  Although we have asked separately for animal 
manure in dry form, wet form, and compost in the surveys, we simply combine them.  
Note, however, that it is quite difficult to know how farmers prepare organic fertilizer 
before application.  The quality of the organic fertility could be widely different from 
one farmer to another.  Such measurement errors in the quality of the manure will 
generate an attenuation bias, which biases the estimated coefficient toward zero, when 
the amount of the manure is used as an independent variable.  Thus, if we find a 
positive coefficient, we should note that it is a conservative estimate, and the unbiased 
estimator could be larger in magnitude than the estimated coefficient.  

 The third dependent variable is the banana yield, tons per ha per year.  This is 
also a difficult variable to measure.  To estimate the banana production, we have asked 
respondents the number of bunches of banana harvested over the past year and the 
average weight of the typical banana bunch.  By multiplying the number of bunches 
with the average weight, we obtain the total quantity of banana harvested over the past 
year and estimate the banana yield by dividing it with the banana plot size in ha.  In 
this paper, we only focus on cooking banana and exclude brewing and desert banana 
because cooking banana is the dominant variety, which occupies more than 90 percent 
of all the banana plots. 

 The independent variables include three sets of variables: plot, household, and 
community characteristics.  The plot characteristics include the plot size in ha in logs, 
the walking time from the homestead to the plot, and a dummy variable for rented-in 
plots.  The second set of independent variables is the household characteristics, which 
include the number of men, the number of women, the number of boys, and the number 
of girls in the household.  These variables are expected to measure the labor 
availability in the household.  The household characteristics also include the maximum 
education levels of male and female adult household members, a dummy variable for 
female headed households, the owned land size in ha, and the value of assets, which 
include farm equipment and furniture.   

  

                                                  
4 This makes the impact of the number of cattle on the organic fertilizer application 
underestimated if we consider the number cattle as the number of cows and bulls.  In this paper, 
we should consider the impact of the number of cattle as the impact of any cattle.  We may 
employ a scaling unit to convert the number of any cattle into the number of cows or bulls.  
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The community characteristics include some important variables.  As 
previously mentioned, out of the 94 communities, 50 communities have no communal 
grazing land.  Among the 44 communities that have some communal grazing land, the 
median size of the communal grazing land per household is 0.2 ha per household.  
Thus, it is clear that, even in communities with the communal grazing land, the 
availability of the grazing land is small.  A related variable is the population density 
measured at the district level.  This variable measures the availability of labor and the 
demand for consumption goods, such as milk.  We use the monthly rainfall 
information from 11 rainfall stations in Uganda and match them with our household 
data at the district level.  For each district, we chose one rainfall station, which is 
closely located to the district and belongs to the same agro-ecological zone.  From 
each rainfall station, we have monthly rainfall data for seven years, starting from 1999 
to 2005.  Then we calculated the average annual rainfall of the seven years.  Because 
the 2003 survey asked about the second cropping season in 2002 and the first cropping 
season in 2003, we aggregated the monthly rainfall from July 2002 to June 2003.  For 
the 2005 surveys, we have also aggregated the monthly rainfall from July 2004 to June 
2005.  Then, we created a rainfall shock variable by subtracting the seven year average 
annual rainfall from the corresponding annual rainfalls for the surveys.   

 

5. Results 

Adoption of Improved and Local Cattle 

 The results in Table 5 indicate that the availability of communal grazing land 
has a strong negative impact on the number of improved cattle, while it does not have 
any impacts on the number of local cattle.  A simple simulation suggests that the 
average number of improved cattle increases from 0.1 to 0.3 if the size of the communal 
grazing declines from 0.5 ha per household to zero.5  This is consistent with our 
expectation that improved cattle are adopted more in areas with no or little grazing land.  
Because improved cattle are more than twice as expensive as local cattle, it is expected 
that the asset value has a larger positive impact on the number of improved cattle owned 
than the number of local cattle.  In contrast, however, we find a larger coefficient on 
the local cattle than the improved cattle.  Although it is not clear why the asset value 
has a larger impact on the improved cattle than the local cattle, it is probably because 
only a small proportion of households own improved cattle. A simple simulation 
suggests that the number of improved cattle increases from 0.16 to 0.29 when the asset 
value changes from the 25th to the 75th percentile, while the number of local cattle 
increases from 1.1 to 1.8 for the same change of asset value.   

 Regarding other household characteristics, we find that the number of boys in 
the household increases the number of local cattle owned.  This is probably because 
boys usually graze local cattle.  In contrast, we find that the number of adult men 
increases that the number of improved cattle.  Because improved cattle are expensive 

                                                  
5 We conduct a simple simulation by predicting the censored dependent variables when we 
change the value of the independent variable from one value to another.  
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and mostly fed in stalls, it is probably the men who take care of the expensive improved 
cattle.  The number of women and girls does not have any influence on the number of 
improved and local cattle owned.  Thus, it seems that men provide important family 
labor to improved cattle, while boys provide labor to local cattle in Uganda.  

 

Determinants of Organic Fertilizer Application 

 The results in Table 6 indicate that the number of improved cattle per ha 
increases the organic fertilizer application on banana plots by 232 kilograms per ha 
when the soil fertility data are not included (column A).  After including the soil 
fertility data, the size of the coefficient shrinks slightly to 218 kilograms per ha.  In 
contrast, we find that the number of local cattle increases the organic fertilizer 
application by about 52 kilograms per ha.  This is much smaller than the impact of the 
improved cattle on the organic fertilizer application.  Because local cattle are mainly 
grazed in open fields, it is difficult to collect manure from the fields.  This may be the 
reason for this finding.  The estimated coefficient in Table 6 could be biased because 
of unobserved household characteristics.  Thus, we have separately estimated the 
random and fixed effects models at the household level.  Although the estimates from 
the random and fixed effects models do not control for censoring, the results indicate 
that the random effects coefficient on the number improved cattle is biased downward: 
it is 57.3, with a z-value of 4.62, in the random effects model, and 77.5, with a z-value 
of 3.74, in the fixed effects model.  Thus, these results suggest that the Tobit results in 
Table 6 could be biased downward and thus is a conservative estimate.  Thus, the real 
impact is likely to be larger than 218 kilograms per ha.  

 Regarding the soil fertility, we find that the SOM has a negative coefficient, 
indicating that banana farmers are applying more organic fertilizer on poorer soils than 
fertile soils.  A one percentage point increase in the SOM reduces the organic fertilizer 
application by more than 167 kilogram per ha.  Banana farmers may have recognized 
the declining soil fertility and wanted to supplement the poor soils with the organic 
fertilizer.  As we expected, the walking distance from the homestead to the plot has a 
strong negative impact on the organic fertilizer application.  The estimated coefficient 
indicates that the organic fertilizer application decreases by more than 300 kilograms 
per ha if the plot is 10 minutes away from the homestead.  This is understandable 
because of the bulkiness and heaviness of the organic fertilizer.  

 

Banana Yield Model 

 Finally, we present the results on banana yield in Table 7.  The results of the 
Fixed Effects model indicate that the organic fertilizer application has a strong impact 
on banana yield.  According to the results of different models in Table 7, the banana 
yield increases by about 16.7 percent when unobserved household fixed characteristics 
are not controlled for in Column A.  When they are controlled for in Column B, the 
impact becomes smaller, 10 percent.  The direction of the bias is consistent with the 
assumption that the unobserved household characteristics, such as farmer ability, are 
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correlated with both the organic fertilizer application and banana yield positively.  
Note that because the organic fertilizer measurement has a large measurement error, the 
estimated coefficient could be downward biased as we discussed earlier.  Thus, we 
should treat the estimate as a conservative estimate.  Furthermore, the estimated 
coefficient of the organic fertility only captures the short-run impact on the banana yield.  
In the long-run, the organic fertilizer improves the SOM which has also a strong impact 
on the banana yield.  According to the results in column A of Table 7, a one percentage 
point increase in the SOM increases the banana yield by 7 percent.  Although we need 
to be careful about interpreting the results because the SOM information was taken from 
the cereal plot of the same household, the result indicates a strong relationship between 
the banana yield and the SOM.  Because the organic fertilizer increases the SOM in the 
long-run, the long-run impact of the organic fertilizer is partly captured in the SOM 
variable.  

 

6. Conclusion 

 In this paper we estimate the impact of a mixed farming system of 
intensive-dairy and crop farming system on the banana production in Uganda by using 
panel data in 2003 and 2005.  The mixed farming system is based on the use of manure 
generated from improved dairy cattle and is a desirable farming system in the East 
African highlands where mineral fertilizer is expensive.  We find that improved cattle 
are adopted more in communities where there is no or only limited communal grazing 
land.  It seems that Ugandan farmers are shifting from grazing to zero- or semi-zero 
grazing and from local to improved cattle because of the increasing land scarcity.  The 
results indicate that the number of improved cattle per ha increases the organic fertilizer 
application at least by about 218 kilograms per ha.  An additional application of 
organic fertilizer by 1 ton per ha increases banana yield by about 10 percent.  Note that 
this is only the short-term impact of the organic fertilizer on the banana yield.  In the 
long-run, the organic fertilizer improves the SOM, which is also found to have a strong 
impact on the banana yield.  A one percentage point increase of the SOM increases the 
banana yield by 7 percent.  

 In addition to the direct impact of the organic fertilizer on the banana yield, 
there are other reasons to promote the intensive-dairy and banana cropping system.  
First, the results in this paper are conservative estimates and the real and long-term 
impacts could be much larger than found in this paper.  Second, the intensive-dairy and 
banana farming system increases the organic fertilizer application in a country where 
most farmers do not apply any fertilizer.  The organic fertilizer improves the physical 
soil structure and provides nutrients to soils, which have been depleted for a long time.  
Third, the intensive-dairy and banana farming system helps farmers to diversify their 
income and become less vulnerable to natural and economic shocks.  Fourth, and 
finally, the system has large room for improvement.  According to our surveys, in 
more than 80 percent of the cases, farmers apply manure without fully developing it into 
compost.  The benefits of the organic fertilizer and how to handle it is still new 
information to many farmers in Uganda.  This suggests that there is a large potential 
for public intervention through extension services.  Although banana is a major crop in 
Uganda and other central African countries, the number of studies is relatively small 
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compared to other major crops such as maize.  Thus, there is a need to further 
investigate how to intensify the banana production.   
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Table 1. Cattle Ownership, Organic Fertilizer Use, and Banana Yield in Uganda 
 

Improved 
Cattle 

Ownership 

Organic 
Fertilizer 

Application on 
Banana Fields 

Cooking 
Banana Yield 

Number 
of 

House- 
holds 

% of 
Banana 
Growers 

2003 2005 2003 2005 2003 2005 

 Region1 

(A) (B) (B) (C) (D) (E) (F) (G) 

  Number % % kgs/ha tons/ha 

Eastern  394 75.9 7.9 10.2 98.7 103.3 3.9 4.0 

Central 278 83.1 12.6 12.9 212.2 214.4 4.1 5.5 

Western 223 49.3 10.8 16.6 184.4 552.6 11.5 11.0 
         
Total 895 71.5 10.1 12.6 156.2 286.1 5.9 6.8 
 
Note: 1 Eastern region includes Burigi, Busia, Iganga, Jinja, Kapchorwa, Mayuge, 
Mbale, Pallisa, Sironko, Soroti, and Tororo districts.  Central region includes Kayunga, 
Luwero, Masaka, Mpigi, Mukono, Nakasongola, Rakai, and Wakiso districts.  Western 
region includes Bushenyi, Kabale, Kabalore, Kasese, Kisoro, Mbarara, Rukungiri 
districts.   
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Table 2. Banana Production by Cattle Ownership 
 

by Cattle Ownership 
 All Banana 

Plots No Cattle Local Cattle 
only 

Improved 
Cattle 

 Mean (sd.) Mean (sd.) Mean (sd.) Mean (sd.) 
Organic Fertilizer Use  
in kgs/ha/year 

222.9 
(724.8) 

132.2 
(207.9) 

207.9 
(696.3) 

500.6 
(1,078) 

Banana Yield  
in tons/ha/year 

6.4 
(8.1) 

6.4 
(8.2) 

5.9 
(7.6) 

7.3 
(8.6) 

Size of Banana Bunch  
in kgs/bunch 

11.9 
(6.7) 

11.0 
(6.4) 

12.0 
(6.4) 

14.2 
(7.8) 

Number of Bunches 
in number/ha/year 

141.0 
(180.6) 

135.5 
(178.5) 

128.2 
(169.3) 

181.9 
(202.0) 

Size of Banana Plot 
in ha 

0.91 
(0.98) 

0.81 
(0.94) 

0.94 
(1.1) 

1.10 
(0.9) 

     
Banana Value Production 
in US$/ha 

438.2 
(545.1) 

413.1 
(506.3) 

439.4 
(561.1) 

503.9 
(606.9) 

Family Labor Cost  
 n.a. n.a. n.a. n.a. 

Hired Labor Cost 
in US$/ha 

21.6 
(74.1) 

16.1 
(61.4) 

21.4 
(73.6) 

37.0 
(100.4) 

Mineral Fertilizer Cost 
in US$/ha 

1.2 
(22.5) 

1.5 
(28.8) 

0.8 
(12.7) 

1.4 
(18.5) 

Banana Income 
in US$/ha 

415.4 
(542.1) 

395.5 
(506.5) 

417.3 
(559.4) 

465.5 
(596.3) 

     

Number of Banana Plots 1,566 741 553 272 
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Table 3. Organic Fertilizer Application on Banana by Improved Cattle Ownership 
 

Number of  
Banana Plots Organic Fertilizer Application per ha Ownership of 

Improved Cattle 
in 2003 and 2005 2003 2005 2003 2005 Dif. 
   kgs/ha 

No-No  581 612 132.7 184.8 52.0 

Yes-No  38 37 174.2 340.0 165.7 

No-Yes  64 78 158.8 732.6 573.8** 

Yes-Yes  79 77 318.4 613.4 295.1* 

 762 804 156.2 286.1 129.9** 
 
Note: * and ** indicate the 5 and 1 percent significance level, respectively. 
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Table 4. Soil Sampling and Fertility 
 

pH Texture Number 
of 

House- 
holds 

% of 
house- 
holds 

with soil 
samples 

Organic 
Matter 

mean Too Low 
(pH<6) Sand Clay  Region1 

(A) (B) (C) (D) (E) (F) (G) 

  Number % % mean % % % 

Eastern  394 77.4 4.2 6.4 6.6 56.4 31.5 

Central 278 50.4 4.7 6.3 9.9 57.2 31.4 

Western 223 53.8 6.7 5.9 23.7 59.2 24.0 
        
Total 895 63.1 4.9 6.3 11.9 57.2 29.9 
 
Note: 1 See the note at the bottom of Table 1 for the definitions of the regions. 
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Table 5. Determinants of Improved and Local Cattle Holdings per Ha at the Household 
Level (Pooled – Tobit Model) 
 Improved Cattle Local Cattle 
 (A) (B) 
Community Characteristics   
Grazing Land  -4.651*** -0.595 
 (-4.90) (-0.97) 
Grazing Land Squared 0.550*** 0.0671 
 (4.68) (0.84) 
Population Density -0.00779*** -0.00504 
 (-3.07) (-1.60) 
ln(Altitude) -3.820* 1.820 
 (-1.84) (0.74) 
Annual Rainfall 100mm 0.00413*** 0.00291*** 
 (4.65) (2.66) 
Household Characteristics   
Max. Education of men 0.0112 0.0234*** 
 (1.47) (3.07) 
Max. Education of women 0.00421 0.00804 
 (0.70) (1.37) 
Number of men 0.489*** 0.239* 
 (3.65) (1.69) 
Number of women -0.0582 0.105 
 (-0.41) (0.69) 
Number of boys 0.00620 0.279** 
 (0.053) (2.39) 
Number of girls 0.000304 0.0767 
 (0.0026) (0.64) 
ln (Asset Value) 0.873*** 1.319*** 
 (4.91) (7.46) 
Female head (=1) -0.951 0.659 
 (-1.44) (1.11) 
Land Size  0.108 -0.0638 
 (1.61) (-1.41) 
Land Size Squared -0.000960 0.000195 
 (-1.43) (0.82) 
Year 2005 0.307 -0.521 
 (0.77) (-1.26) 
Constant 8.277 -34.80** 
 (0.56) (-1.98) 
Number of households x 2 years 1,727 1,727 
Note: Numbers in parentheses are z-values. *, **, and *** indicate 10, 5, and 1 percent 
significance level, respectively.  
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Table 6. Determinants of Organic Fertilizer Application on Banana Plots 
Dependent variable: the organic fertilizer application per ha of banana plots 

Basic Model Add Soil Data 
 

(A) (B) 
No. of Improved Cattle per ha 232.2*** 218.1*** 
 (4.00) (3.77) 
No. of Local Cattle per ha 51.26** 52.29** 
 (1.97) (2.00) 
Soil Fertility in 2003   
Organic Matter (%)  -166.6*** 
  (-2.65) 
Too Acid (Ph < 6)  -71.12 
  (-0.24) 
Sand (%)  5.375 
  (0.57) 
No Soil Data Dummy  -719.6 
  (-0.97) 
Plot Characteristics   
Ln (Plot size) 215.0* 212.3* 
 (1.94) (1.91) 
Walking Distance in minutes -33.98*** -33.15*** 
 (-3.93) (-3.80) 
Rent-in Land Dummy  -143.6 -109.7 
 (-0.41) (-0.31) 
Household Characteristics   
Max. Education of men -0.237 0.235 
 (-0.059) (0.059) 
Max. Education of women -0.757 -0.624 
 (-0.26) (-0.22) 
Number of men -61.40 -52.78 
 (-0.83) (-0.72) 
Number of women 8.725 6.146 
 (0.11) (0.080) 
ln(assets) 401.8*** 377.1*** 
 (4.47) (4.22) 
Community Characteristics   
ln(Altitude) 2288*** 2953*** 
 (3.34) (3.82) 
Population Density 0.325 -0.368 
 (0.40) (-0.42) 
Rainfall Shock -1922*** -1787*** 
 (-2.85) (-2.65) 
Average Annual Rainfall  -0.541** -0.473* 
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 (-2.30) (-1.87) 
Year 2005 Dummy 854.1*** 851.7*** 
 (3.75) (3.74) 
Constant -23227*** -27080*** 
 (-4.50) (-4.69) 
   
Number of plots 1,559 1,559 
Note: Numbers in parentheses are z-values. *, **, and *** indicate 10, 5, and 1 percent 
significance level, respectively.  
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 Table 7. Determinants of Banana Yield and Income  
 

ln (Yield, tons / ha) 
 

OLS HH FE 
 (A) (B) 
   
Organic Fertilizer (tons /ha) 0.167*** 0.101** 
 (4.06) (2.04) 
Soil Fertility in 2003   
Organic Matter (%) 0.0728***  
 (4.26)  
Too Acid (Ph < 6) 0.0799  
 (0.85)  
Sand (%) 0.00437  
 (1.53)  
No Soil Data Dummy 0.837***  
 (3.86)  
Plot Characteristics   
Ln (Plot size) -0.289***  
 (-8.64)  
Walking Distance in minutes 0.00163  
 (1.10)  
Rent-in Land Dummy  -0.249**  
 (-2.21)  
Household Characteristics   
Max. Education of men -0.00112  
 (-0.84)  
Max. Education of women -0.000585  
 (-0.61)  
Number of men -0.0382* -0.0185 
 (-1.66) (-0.39) 
Number of women 0.00581 -0.000813 
 (0.25) (-0.020) 
ln(assets) 0.226*** 0.145** 
 (8.23) (2.46) 
Community Characteristics   
ln(Altitude) 1.665***  
 (7.27)  
Population Density -0.000468*  
 (-1.90)  
Rainfall Shock -1.307*** -0.117 
 (-6.49) (-0.53) 
Average Annual Rainfall  -0.000145**  
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 (-2.10)  
Year 2005 Dummy 0.0613  
 (0.87)  
Constant -14.34*** -0.554 
 (-8.42) (-0.78) 
Number of households 630 630 
Number of observations 1537 1537 
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Figure 1.  Shifting to High-Integrated Dairy-Crop Farming System in Uganda 
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