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ABSTRACT

There is low level of agricultural technology adoption across Uganda. Most farming households using fertilizer apply 
it on local seed; majority of farmers don’t use either improved seed, fertilizer and also do not receive extension 
support—this presents an enormous productivity challenge. This paper examines the productivity and economic 
implications of adopting various technology-extension policy options in Uganda. Data from the Agricultural 
Technology and Agribusiness Advisory Survey is used to simulate a counterfactual for the different scenarios across 
nine agro-ecological zones of Uganda. Our descriptive results show that full (complete) technological policy mix 
is dominant in driving agricultural crop productivity—suggesting that single or piece-meal agricultural technology 
interventions fall short of delivering desirable agricultural productivity. When improved seed is used in combination 
with fertilizer, productivity and production almost doubles compared to either single or non-application of the 
technologies. With inclusion of agricultural extension support service in addition to technology application, we 
observe better agricultural productivity as well as economic returns. Similarly, econometric evidence demonstrate 
that the productivity gain due to application of a full package of agricultural interventions is larger than that 
of single and/or partial intervention, although the effects are more significant in households higher up on the 
agricultural productivity distribution. Accordingly, agriculture development efforts should put emphasis on effective 
design and implementation of agricultural technology and extension related policies, using an integrated approach 
to improve joint access to technologies as well as extension services, as a policy intervention package. Instituting 
effective coordination mechanism for implementing these policies to ensure an integrated package of service 
delivery is paramount.
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Figure 1 Trends in agricultural productivity for the major crops in Uganda 

1. BACKGROUND

Agriculture remains critical to the Ugandan economy. 
Agriculture in Uganda accounts for 22 percent of gross 
domestic product (GDP), 53 percent of all merchan-
dise export earnings, and the sector employs 80 per-
cent of the labor force (MFPED, 2019; UBoS, 2018). 
Despite the importance of the sector, overall agricul-
tural growth has been consistently lower than growth 
in the non-agricultural sectors in the last 20 years; the 
minimal agricultural growth recorded has been linked 
to favourable climatic conditions rather than policy in-
terventions (World Bank, 2016). This suggests that the 
liberalization and privatization of marketing of agricul-
tural commodities pursued by Uganda since the early 
1990s has not yielded the expected outcomes to spur 
the desirable growth target of 6 percent per annum in 
the sector. Likewise, outcomes from recent interven-
tions such as provision of extension through the Na-
tional Agricultural Advisory Services (NAADS) and input 
distribution through Operation Wealth Creation (OWC) 
are yet to transform the structure of production from 
subsistence to a commercial orientation. Specifically, 
no actual gains in measured agricultural productivity 
has been observed, and food insecurity for the rising 
population is worsening in most parts of the country.

Due to limited budget resources, the Government of 
Uganda (GoU) has proritised agricultural commodities 

that receive public support. Starting in 2010, within 
the crop sub-sector, government identified six prior-
ity crop enterprises (Coffee, Maize, Cassava, Beans, 
Bananas, and Tea ) in order to introduce manageable 
and guided crop specific development programs. How-
ever, in the current national planning cycle (i.e. 2015-
2020), the priority crop enterprises were increased to 
nine by adding Rice, Cotton and Citrus (NPA 2015). 
The changing number of priority enterprises suggests 
weak systematic planning for agriculture in the country. 
Furthermore, limited public investment to smoothen 
growth in the agricultural sector is costing the country 
in terms of economic returns and ultimately economic 
growth. This is also inhibiting the capacity to meet the 
6 percent sector growth target, and the commitment to 
accelerate agricultural growth and transformation for 
shared prosperity and improved livelihoods under the 
Malabo - Comprehensive Africa Agriculture Develop-
ment Programme (CAADP) protocol. 

Farmers in Uganda face challenges with respect to 
investing in yield enhancing technologies required to 
boost productivity growth. Limited use of agricultural 
technologies has constrained growth in the agricultural 
economy. For the priority crops, Figure 1 shows that 
only Rice and Maize have made significant gains in 
productivity during the past 10 years. Nonetheless, the 

Source: Authors computation using FAOstat data
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GoU has doubled its budgetary allocation to agriculture 
since the financial year 2016/2017 with the objective 
of enhancing agricultural productivity. Specifically, the 
agricultural budget increased from UGX 479 billion in 
FY 2015/16 to UGX 823 billion in FY 2016/17 before ris-
ing further to UGX 1,052 billion in FY 2019/20 (MFPED, 
2019). The bulk of the funds were directed towards 
supporting nationwide input distribution program. The 
main inputs distributed to farmers are maize and bean 
seeds and planting materials (i.e. seedlings mainly of 
coffee and citrus fruits). The limitation in the program 
is the inability to embrace a holistic approach i.e. full 
package (consisting of e.g. extension, irrigation, quality 
seed, and fertilizer). Therefore, the current partial or 
piecemeal approach may fail to unlock growth in the 
country’s agricultural economy. 

The current seed distribution programme does not ad-
dress some of the prevailing farm level constraints. 
Distribution of seedlings to farmers who have not dem-
onstrated any level of preparedness to receive such in-
puts has watered down the uptake of these agricultural 
technologies. Furthermore, the current programme has 
not given due consideration to changes in weather pat-
terns (due to global warming), extension support, and 
declining soil fertility that are contributing to low crop 
yields among the priority crops. As such, there is con-
tinued over dependence of agricultural production on 
vagaries of nature (rainfall) which is not only affecting 
food security, but also export earnings.

Improvement in agriculture productivity is consequently 
critical to expansion of agricultural economy. This can 
be done through a number of policy interventions which 
include among others; provision of extension, seed, ir-
rigation, and fertilizer applications. However, the mode 
of delivering such interventions is critical for desired 
outcomes to be realized. An extensive body of literature 
provides evidence on the impact of single agricultural 
technology use on productivity, but such studies have 
overlooked the aspect of implementing technological 
interventions as a package (which as well incorporates 
other respects of agricultural service delivery inter-
ventions such as extension). For example, in Uganda 
and other East African countries like Tanzania and 

Rwanda, most studies (e.g. Kinuthia & Mabaya, 2017; 
Gollin et al., 2003; Okoboi, 2010) focused on analyz-
ing improved input use and its impact on productiv-
ity and income. Although they find positive impact of 
improved inputs on agricultural output, food security 
and household income, they fail to provide evidence on 
the outcome of agricultural interventions as a package. 
Similarly, vast evidence like (Beccril & Abduil, 2010; 
Carlsberg, 2012; Jussi et al., 2011; World Bank, 2011; 
Ogunniyi et al., 2015; Mariam et al., 2012; Lorenzo et 
al., 2009; Cornelius et al., 2012; Qaim et al., 2006; 
Mahofa, 2007; and Hail, 2013) among others, have 
majorly investigated how single agricultural interven-
tions influence different outcomes but they also lack 
evidence on outcome of agricultural intervention mix in 
their analysis. Recent related studies in Uganda such 
as Matsumoto (2013) and Bjorn (2016) examined the 
effects of combining improved seed with fertilizer and 
fertilizer with pesticides respectively, but lack evidence 
on inclusion of extension support in the technology 
combinations. Although Bjorn (2016) examines how 
fertilizer and pesticide technologies are correlated with 
yields, the major focus of the study was on analyzing 
risks associated with crop intensification (technology 
adoption).

The current study provides another dimension of the 
existing literature—by examining the implications of 
technology-extension intervention mix (options) on ag-
ricultural outcome and economic returns, by investigat-
ing different levels and/or scenarios of intervention de-
livery modes. Previous studies such as Okoboi, (2010) 
lack this aspect of policy mix (intervention options) 
or delivery modes in their analysis (particularly with 
inclusion of extension support). Using nationally rep-
resentative data from the Agricultural Technology and 
Agribusiness Advisory Services (ATAAS) survey, this 
paper analyses likely agricultural and economic ben-
efits resulting from application of technology-extension 
policy regimes. Specifically, the study investigates the 
implications of applying different technology-extension 
options (regimes) on agricultural and economic out-
comes, assuming that the relevant agricultural policies 
are implemented. The paper imputes average output 
values for the crop sector replicating three different 



8

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

levels of technology regimes prevalent in the agricul-
tural production system i.e.; (i) Non-technology adopt-
ing subsistence farmers; (ii) piece-meal approach; 
and (iii) the much ideal technology-extension regime 
where technology is applied together with extension 
support as a full package of interventions as recom-
mended by experts.

The rest of the study is organized as follows. The next 
section provides the conceptual framework adopted for 
the study. Section 3 provides the model and dataset 
used. The descriptive statistics appear in section 4 
while section 5 provides the results from the econo-
metric estimations. Section 6 provides the conclusions 
and recommendations of the study.

2. THE CONCEPTUAL 
FRAMEWORK

The conceptual framework for understanding variations 
in responses to technology-extension support and 
effects in agricultural operating farming environment 

in Uganda is illustrated in Figure 1.2. The framework 
starts with a description of the “stimulus platform” 
in a liberalized agricultural policy environment, and 
working forward (from left to right) to likely responses 
from individual farming households, and the likely 
outcomes.

The two black boxes at the far left of Figure 2 represent: 
Agricultural policy working environment that is designed 
as a de facto composite of: (i) private sector driven 
agricultural development program; and (ii) selective 
public supported interventions. Since the early 90s, the 
agricultural policy implementation programme adopted 
by government has had a mix of public – private policy 
interventions. 

The process of implementation of the agricultural in-
terventions influences the actual agricultural services 
offered. These in turn influences responses by farming 
households. We refer to the relationship between the 
programme interventions (treatment) that is planned 
and or offered to farming households (target) or made 
available to agricultural households as ‘intervention fi-

Figure 2    Analytical/Conceptual Framework of Ugandan Farming Policy Environment 

Source: Adopted from Weiss et al., (2013), with modification
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delity’ or ‘treatment integrity’ (Weiss et al., 2013). This 
also defines the difference between planned treatment 
and received treatment. The decision to respond to the 
intervention fidelity in this case by farming households 
is influenced by resource base, determined by the so-
cio-economic environment.

The bottom boxes in Figure 2 represent factors that 
influence or “moderate” the causal relationship 
specified in the conceptual framework. The first box 
represents characteristics of the public institutions 
and agencies responsible for implementing agricultural 
programs (interventions). These are the likes of 
Ministry of Agriculture Animal Industry and Fisheries 
(MAAIF); with its implementing agencies like Operation 
Wealth Creation (OWC) program, Uganda Coffee 
Development Authority (UCDA), and the National 
Agricultural Research Organisation (NARO). The 
public institutional characteristics and capacities are 
generally hypothesized to moderate many facets of 
agricultural programs alongside the private sector in 
the country. It is widely documented that in a private 
sector driven-liberalized policy environment there have 
been parallel public interventions characterized by 
lean extension support, and a lean seed and seedling 
distribution program. The limited public support to 
agriculture stems from the sector being viewed as 
a private enterprise in government circles and thus 
should attract private investments as opposed to 
depending on public subvention (Lakuma and Mayanja, 
2017).

The second box at the bottom of figure 2 represents 
the characteristics of agricultural target clients i.e. 
the social, physical, economic, financial, and socio-
political capital context. The middle section of the 
framework (Figure 2) relays the contrasts in agricultural 
service delivery. This contrast procured by government 
embracing a mix of private sector led alongside 
selective public interventions predisposes the farming 
population to varied agricultural and technological 
production opportunities and options. And in itself, 
theoretically creates three broad relatively independent 
categories (cohorts) of farming households under 
different intervention regimes as illustrated in Figure 2

• (a) Cohort I (Non-technology adopting subsis-
tence farmers): - This represents an agricultural 
production socio-economic system that replicates 
conditions of farming without effective agricul-
tural policies. This category provides the basis for 
imputing the counterfactual crop specific figure 
and economic returns; 

• (b) Cohort II (Partial adopters): This group is 
composed of mainly semi-commercial farmers 
who have limited access to technologies. In this 
cohort, farmers produce crops under conditions 
of limited access to technologies - they either 
use only fertilizers or certified seed only without 
extension, and vice versa. This group is used to 
construct conditions of a partial approach to agri-
cultural interventions; and 

• (c ) Cohort III (The full technology adopting 
commercial farmers): Farming households that 
use improved seed, fertilizer, and access exten-
sion; as a full package of interventions; as rec-
ommended by experts. This group idealizes con-
ditions in a relatively effective agricultural policy 
operating environment. 

3. METHODOLOGY 

3.1 Micro-econometric model 

The micro-econometric model developed by Firpo 
(2007) to estimate Quantile Treatment Effect (QTE), 
premised on the theoretical framework of quantile 
regressions by Koender and Bassett (1978) was 
adopted for this study.1 We apply this model to account 
for possible heterogeneity along the distribution of 
productivity variable. This is because while agricultural 
interventions (e.g. use of agricultural inputs) may 
increase the likelihood of realizing higher agricultural 
output or yields, it may as well increase chances of 
realizing lower agricultural outcome (Bjorn, 2016). This 
is possible, given that adoption of new agricultural 
technologies may be a risky venture, especially early 

1 A quantile regression, models the effect of intervention(s) and other covariates 
at different parts of the distribution of an outcome variable (such as agricultural 
productivity for the case of this study).
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in the adoption process when proper input use and 
average yields are not well understood by farmers. 

Furthermore, quantile regressions are important 
for examining the category of farmers who are most 
efficient. The use of this approach for analyzing effects 
of interventions on crop productivity allows for example, 
the comparison of how the yield of the median farmer 
of a quantile responds to changes in its determinants 
relative to the response in the yield of any other farmer 
below or above that specific quantile. The adopted 
model has been used in various and similar empirical 
settings and applications for example among others 
in analyzing; the effects of human capital including 
extension support and other production inputs on 
the entire distribution of agricultural yields in Ghana 
(Nyamekye, et al, 2016) and the impact of farm input 
(fertilizer) subsidy on household welfare in Malawi 
(Sibande et al., 2015).2 The model is formally presented 
below.

Let    represent the 
 for 

 . The conditional   quantile regression 
function is expressed as; 

  (1)

Where    is a binary treatment variable indicating full 
package of agricultural interventions (i.e. application 
of fertilizer, improved seed and extension support) and  

 is a set of covariates3. As introduced by Koenker 
& Bassett (1978), the quantile regression model is 
therefore;

  (2)

2 The method is robust to outliers and given its semiparametric approach, it does 
not make specific assumptions on the parametric distribution of errors (Duval 
& Wolff, 2013).

3 The covariates include; application of agronomic practices such as; seed selec-
tion, herbicide, and pesticide, row planting, and weeding. Others include; agro-
ecological zones, land tenure system, rural-urban location, gender, farmer’s 
age, education, number of household members who worked on plot, operation 
of livestock enterprise, technology acquisition from NAADS or local government, 
and membership to farmer groups.

Where    and    are the quantile regression estimators, 
which are solved through a linear programming 
optimization problem. Note that    is the parameter 
of interest which estimates the influence of application 
of a full package of agricultural interventions at the  
quantile of productivity distribution. It is on the basis 
of    that one can estimate Conditional Quantile 
Treatment Effect (CQTE).

However, we adopt the modified version of the Koenker 
& Bassett (1978) model, using the approach of QTE4 
by Firpo (2007) and particularly focus on estimating 
Unconditional Quantile Treatment Effect (UCQTE). The 
strength of the QTE framework is that it addresses 
issues of heterogeneous treatment effect (Firpo, 2007) 
by analyzing varying or distributional effects along the 
distribution of the outcome variable, which might be 
of great interest to policy makers. Also, QTE corrects 
the problem of selection on observables by introducing 
weights that represent a weighted sum of check 
functions (Firpo, 2007) hence addressing exogeneity 
assumption. Also, we computed UCQTE rather than 
CQTE, since it is a more powerful strategy of estimating 
causality given that the UCQTE is not a function of the 
covariates (unlike in the case of CQTE), although the 
covariates are still controlled for to ensure efficiency in 
the first step regression (Frolich & Melly, 2010).

Given the treatment variable indicator,  ; for a 
treated individual (farmer), ; and in this case 
we observe potential outcome  in terms of 
agricultural productivity (transformed using natural 
logarithm). Otherwise if  is untreated, , 
the potential outcome or counterfactual is  . 
Therefore, the observed outcome is defined as;

  (3) 

We also observe a random vector of covariates 
, with support  . Using the framework in 
equation (3) above, the quantile regression can 
alternatively be expressed as;

4 Quantile Treatment Effects (QTEs) are simple differences between quantiles of 
the marginal distributions of potential outcomes (Firpo, 2007). It (QTE) is an 
estimate for the whole population under consideration. 
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 ;  (4)
 ; and   represents an 

unobserved random term.
The UCQTE is given by;

  (5)

Where  is the  quantile of the unobserved 
random variable (  ), given by the expression below:

    (6)

It is important to note that the QTE parameters are 
identified using the following assumptions (Firpo, 
2007);

(a) Unconfoundedness; whereby given 
 is jointly independent from 

F. The concern here is that this is a strong 
assumption. However, it has been widely used in 
counterfactual analyses and impact evaluation 
studies (Firpo, 2007).

(b) Common support; whereby for some 
. This implies that 

treatment levels have a positive probability of 
occurrence for almost all values of  ; where  
is propensity score given by; 
, and the marginal probability of being treated is 

 

(c)  Uniqueness of quantiles; where  is a 
continuous random variable with support in 
; such that there are nonempty sets  and , 
thus;

    (7)

Based on assumptions (a-c) above, quantiles are 
identified (i.e. Lemma 1 – in Firpo, 2007) and thus  
and  can be expressed as functions of observed 
data such that;

 ; and

respectively. (8)

Following (a-c), QTE parameters are identified from 
data on (Y, F, X) and thus the QTE; , for 

The final estimation of the QTE follows a weighted 
approach to the procedure of Koenker & Bassett (1978) 
for the quantile estimation problem.

The estimator for the QTE (  ) is given by;

;  (9)

And thus the minimization problem below applies

      (10)

 
 (11)

And

     (12)

Where  comprises weights which are measured 
as;  and . Note that 
introducing the weights to form weighted sum of 
check functions corrects the problem of selection on 
observables.

( ) is a check function measured at a real number 
b, such that:  ; and 
N is the number of observations. The parameter, 
is the nonparametric estimator of the propensity score.

The QTE estimation therefore involves a two-stage 
estimation procedure. In the first stage, the basis for 
constructing the counterfactual is determined by non-
parametrically estimating the propensity score,  . 
The mathematical formula for derivation of the  is 
presented in Appendix V, based on the model by Firpo 
(2007).
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After computing , the second stage involves 
minimizing the function  , as 
expressed in equation 13 below, in order to derive 

 (13)

In order to ensure comparability of the outcome 
variable across crops, and also as a robustness check, 
we standardized the crop productivity variable using 
standard scores (z-scores), as shown in the expression 
below. After standardization, we applied the same 
estimation procedure (equations 1 to 13), based on the 
standardized values of productivity, in order to analyze 
the effect of different technology-extension options on 
the outcome.

 ; where  and  are the mean and 
standard deviation of crop productivity respectively.

3.2  The data 

Multiple datasets were used to address the study 
objectives, with the main data coming from the 
Agricultural Technology and Agribusiness Advisory 
Services (ATAAS) survey of 2013 – Uganda.5 The 
ATAAS survey is nationally representative, captures 
data at farming household level with coverage of about 
12,000 farming households in Uganda. The ATAAS 
survey was implemented by the Uganda Bureau of 
Statistics (UBOS) in collaboration with the Ministry 
of Agriculture, Animal Industry and Fisheries (MAAIF). 
The relevant survey modules used in this paper contain 
information on; access to agricultural extension 
services, household land holdings, agronomic and 
soil fertility management practices, input usage 
(including productivity enhancing technologies), 
harvests and disposition. It is important to note 
that the ATAAS data projects real farm conditions in 
the level of technology adoption, as opposed to the 
research station experimental working environment. 
Therefore, the variations in productivity picked from 
the dataset reflect the production possibility frontiers 

5 It is important to note that the ATAAS Survey was commissioned by the NAADS 
Secretariat to evaluate its activities of technology dissemination.

in the Ugandan crop farming system. Other data used 
include; Food and Agriculture Organization of the 
United Nations (FAO) statistics, and Agricultural price 
data based on Agricultural Management Information 
System from InfoTrade.

3.3.  Assumptions adopted

The possible technology options (illustrated in Figure 
1.2) available to farmers are used in the study to 
simulate would be conditions of farming i.e. without 
effective agricultural policy support; selective 
(piece-meal or partial) implementation of policies by 
government; and when government takes on a holistic 
approach to policy implementation (i.e. using full or 
complete package of interventions). This approach 
was adopted to circumvent the limitation in the ATAAS 
data, which does not directly capture information on 
farming households that have benefited from public 
funded technology transfer and extension programs/
policies. 

The first difficulty was to isolate direct beneficiaries of 
public funded seed and seedling distribution program 
run under the NAADS program. Secondly, government 
maintained a two pronged approach in the delivery 
of extension services - that is; (i) initially, extension 
services were demand driven and private sector 
delivered under the NAADS program; and (ii) the 
decentralized extension service delivery mechanisms 
through a lean public supported extension staff at the 
district level. In addition, by the time the ATAAS survey 
was implemented, there was no official fertilizer policy 
in place, but farming households used fertilizers under 
a non-regulated fertilizer policy environment.

A number of underlying assumptions were made to 
estimate the effects of agricultural technology-extension 
policy interventions. We adopted proxy measurements 
for example; non-use of agricultural technologies like 
fertilizer and improved seed conjectures the context of 
non-existence of effective fertilizer and seed policies 
in place. Also, lack of access to extension support 
postulates a context of an ineffective extension policy. 
On the other hand, use of fertilizer, improved seed, and 
access to extension support is used to depict a scenario 
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that reflects existence and effective implementation of 
the fertilizer, seed and extension related policies. This 
imitates a full (complete) policy support operating 
environment for agriculture development. We therefore 
compute average output from non-technology adopting 
subsistence farming households to construct stylized 
description of agricultural socio-economic system 
without policy intervention i.e. if policy measure is 
not implemented (the counterfactual); and technology 
adopting farmers represent technology related policy 
measure having been implemented effectively.

The differing technology-extension options (i.e. proxies 
for technology policy regimes) used to compare 
agricultural outcome and economic return in the 
analysis include; first in terms of technology, the 
main outcome comparison we make is based on 
two technology options namely: (1) use of local seed 
without fertilizer, and (2) use of improved seed with 
fertilizer. The former is an option of non-application 
of productivity enhancing technologies6 and the latter 
can be viewed as depicting application of a complete 
package of key productivity enhancing technologies7, 
where for simplicity, a complete technology package 
is a combination of two key interventions (improved 
seed and fertilizer)8. Other technology options in 
the analysis include; use of local seed with fertilizer 
and use of improved seed without fertilizer – which 
represent piece-meal (partial) or single application of 
the technologies. This can also be viewed as replicating 
a policy environment of minimal support towards 
agriculture development for example the choice to 
distribute only seed and seedlings without fertilizer and 
a lean extension support system in place. We also make 
comparison of agricultural outcome and economic 
return in situations when farmers received extension 
support or not9, under the two main technology 
options (i.e. (a) non-application, and (b) application 
of a complete package of key productivity enhancing 

6 Considered to represent a situation of non-existence of effective fertilizer and 
seed policies, or not implementing agricultural technology related policies at all.

7 Considered to represent a situation of existence and effective implementation of 
seed and fertilizer policies

8 Note that other technologies such as pesticides and herbicides were used as 
control variables under micro-econometric estimation.

9 We consider access to extension as representing a situation of existence and 
effective implementation of agricultural extension policy.

technologies). Water for production (irrigation) practice 
was not included in our analysis due to inadequate 
data points on farming households that employ it as a 
soil fertility management practice.10 

3.4  Measurement of key variables 

The agricultural outcome variable is measured using 
output per unit input and as such it captures productivity. 
Overall agricultural productivity is defined in terms 
of crop output per unit area (MT/Ha). Agricultural 
productivity levels were computed for major strategic 
crop commodities in Uganda—notably coffee, maize, 
beans, potato, banana, and rice. 11 The computation 
were done under different case scenarios of policy 
regimes or mix, as proxies for differing technology-
extension intervention options or levels. 

On the other hand, the variable for economic return 
is estimated based on the incremental net benefit 
approach. This is estimated using the difference in 
benefits between use of a given technology-extension 
mix or option and non-use. The difference is thus 
explained as the incremental net benefit arising from 
application of the technology-extension mix/option.

10 Only 0.1% of the observations reported application of irrigation practice for soil 
fertility management.

11 We include all crops in the analysis under each QTE regression model in order 
to ensure sizable number of observations in the model. This is because the 
QTE approach trims observations and if crops are analyzed one by one, the 
QTE framework collapses due to inadequate data points. Accordingly, analyz-
ing crops at individual level was not possible because the QTE model trims 
observations and after trimming, too few observations were left for individual 
crop level analysis since for some commodities, some of the technologies (e.g. 
fertilizer and improved seed) are not used. Note that productivity data for each 
crop is standardized into same unit of measurement (i.e. kilograms per hectare).
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4. RESULTS

4.1. Descriptive statistics: Technology use 
among farming Households

We observe that technology uptake by farmers is 
generally very low. Only 6%, 21%, and 18% of farming 
households apply inorganic fertilizer, organic fertilizer, 
and improved seed respectively (Table 1). It is important 
to note that only about 4 percent of farming households 
in Uganda use technologies as a combined package 
(i.e. application of both fertilizer and improved seed), 
implying that single technology adoption rate is higher 
than that of combined technology. The majority of 
farming households reported use of local seed without 
fertilizer (over 80%). The low level of technological 
uptake (complete package) is manifested in all the 
nine agro-ecological zones (Table 1). The only agro-
ecological zone where combined technology use is 
relatively high is Mukono (15%).

Table 1 further shows that application of both single 
technology (either fertilizer only or improved seed only) 
and technologies as a package seem to rise with larger 
land holdings. This may imply two things - first is that 
large scale farmers are more likely to embrace uptake 
of the technologies than smallholder farmers. Second, 
the problem of land fragmentation which in most 
cases creates some sort of “ownership” of land in 
smaller fragmented pieces is likely to hamper uptake 
of agricultural technologies. Also, urban-based farming 
households seemingly apply agricultural technologies 
at a relatively higher level than rural-based farmers. 
Perhaps this is due to the fact that they are in most 
cases urban households who have easier access to 
relevant information about the use of the technologies 
and also possibly can better afford to meet the costs 
of inputs. The low level of technological uptake across 
the different agro-ecological zones (especially use of 
improved seed) suggests that the country in general 
has no effective national agricultural policies to foster 
and support the generation, transfer and uptake 

   Table 1        Level of intensification (technology use) by farming households (%)

Weighted sample
(‘000)

Fertilizer Improved 
seed

Fertilizer + 
Improved seed

Organic Inorganic
Overall (national) 4,236 21 6 18 71

Agro-ecological zone: Abi
Buginyanya
Bulindi
Kachwekano
Mukono
Ngetta
Nabuin
Mbarara
Rwebitaba

277 22 5 38 12
1,083 18 8 17 6
262 4 3 7 0.6
218 26 3 23 9
694 34 17 29 15
429 11 0.2 27 7
286 7 0.1 12 3
629 30 6 7 3
358 19 2 7 2

Land size (ha):  0 - 1
 2 - 4
 5 - 9
 >=10 

4,194 21 6 18 7
42 25 11 22 16
0.4 0 83 100 100
- - - - -

Rural/Urban:     Rural
    Urban

3,904 20 6 18 6
330 27 8 27 13

Source: Author’s computation using ATAAS data 2013
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of relevant production and productivity enhancing 
technologies (i.e. seed and fertilizer).

4.2.  Extension services access and agricultural 
technology: The triple threat productivity 
challenge

Table 2 examines the extent of technology mix. It 
is revealed that at least 64 percent of the farming 
households had access to extension (agricultural 
advisory services) both nationally and across agro-
ecological zones (with the exception of Buginyanya, 
Ngetta, Nabuin, and Rwebitaba zones). However, 
access to NAADS training as well as the publically 
funded NAADS / local government extension 
technologies is generally low. This implies that by 
the time of the ATAAS survey in 2013, there was 
a big mismatch between access to extension and 
productivity enhancing technologies, and suggests that 
extension access has not translated into promotion of 
technological uptake or access.

At national level, majority (72 percent) of farming 
households operate using local seed without fertilizer 
and extension support (Table 3), which creates 
a “triple threat” to agricultural productivity.12This 
presents a serious productivity and production 
challenge to majority of farmers since they are not privy 
to both advisory services and productivity enhancing 
technologies. The situation reflects the need for 
effective implementation of extension and agricultural 
technology related policies using a well-coordinated 
approach geared towards improving access to both 
technologies as well as extension services as a 
package of policy interventions. 

12 We explain “triple threat” in terms of non-utilization of the three critical agri-
cultural technologies and services i.e. improved seed, fertilizer, and extension 
services; by about 80% of farming households.

   Table 2      Extension-technology mix among farming households (%)

Extension 
access 
(any)

NAADS 
training

Access to NAADS 
/ local government 

extension 
technologies

Fertilizer
+

Improved seed
With extension

No fertilizer, 
local seed, 

without 
extension

Overall (national) 64 28 20 5 72
Zone:                Abi

Buginyanya
Bulindi
Kachwekano
Mukono
Ngetta
Nabuin
Mbarara
Rwebitaba

88 34 38 9 24
44 20 16 3 84
78 30 21 0.8 90
70 37 25 5 86
84 28 26 13 33
52 18 13 4 76
57 18 21 2 91
70 35 22 3 75
62 29 18 0.6 81

Land size (ha): 0 - 1
 2 – 4
 5 – 9
 >=10 

64 26 21 6 72
78 44 27 20 47
- - - 100 0
- - - - -

Rural/Urban:    Rural
Urban

63 26 21 5 74
77 28 24 12 43

Source: Author’s computation using ATAAS data 2013
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4.3.  Technology application at major (strategic) 
crop enterprise level

Results in Table 4 show that application (use) of 
productivity enhancing technologies is still generally 
very low among farming households for all major crop 
enterprises. The proportions of farming households 
where both fertilizer and improved seed are used (full 
package of technology), range as low as between 7% 
and 14% (Table 4). The highest proportion is recorded 
amongst Irish potato farming households (14 percent). 
It is worth noting that fertilizer application is highest in 
coffee and banana farming households, with at least 
40% of farming households applying the technology for 
each enterprise.

Furthermore, majority of farming households using 
fertilizer apply it on local seed for all the strategic 
crop commodities considered in the analysis. This is 
reflected by the significant drop (by more than 50%) 
in the proportion of farming households where both 
fertilizer and improved seed are used, from use of 
fertilizer with local seed for almost all strategic crop 

enterprises under analysis (Table 3). The above results 
suggest an indication of poor uptake of or access 
to better productivity enhancing technology mix, a 
challenge which can be addressed by streamlining 
fertilizer and seed related interventions or policies 
and instituting effective coordination mechanism for 
implementation of both interventions to create access 
and improve uptake of the technologies.

4.4.  Agricultural outcome under different 
technology policy regimes

For productivity, our findings demonstrate that 
when technologies are applied as a package(s), the 
likelihood of maximizing productivity and production is 
high. For example, use of fertilizer and improved seed 
is associated with increasing national average yield in 
rice from 1 to 1.6 MT/Ha; and for coffee from 0.57 to 
0.8 MT/Ha (Table 4). Similarly, technological policy mix 
is as well crucial for driving productivity and production 
for other selected Agriculture Sector Strategic Plan 
(ASSP) priority crop commodities. Specifically, Table 
4 shows that there is lower productivity when local 
seed is used without fertilizer at; 0.60, 3.33, and 3.00 

  Table 3      Application of technology mix at farming household and strategic crop enterprise levels

Crop enterprise Weighted 
sample
(‘000)

Proportion of farming 
households applying 

technology (%)
Fertilizer + 
local seed

Improved 
seed without 

fertilizer

Fertilizer + 
improved seed

Local seed 
without fertilizer

Rice 138 13 14 8 92
Maize 2,329 24 13 9 84
Beans 2,523 29 12 8 84
Groundnuts 646 18 17 6 89
Irish potato 264 31 16 14 86
Sweet potato 649 27 11 7 91
Cassava 842 25 18 9 81
Banana – food 1,269 43 8 7 82
Coffee 573 40 9 7 93

Source: Author’s computation using ATAAS data 2013.
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MT per hectare (MT/Ha) for the crops of beans, Irish 
potato, and even a non ASSP priority crop like sweet 
potato respectively. But when improved seed is used 
with fertilizer, productivity is relatively higher at; 0.81, 
4.13, and 6.77 MT/Ha for beans, Irish potato, and 
sweet potato respectively. The observed differences in 
mean productivity by technology regime is statistically 
significant for rice, coffee, beans, Irish potato, and 
sweet potato. 

In terms of production, non-application of agricultural 
technologies like fertilizer and improved seed is 
associated with low outputs. This manifests for all 
priority crop enterprises considered in the analysis. 
As presented in Appendix III, when farmers use local 
seed without fertilizer application, attainable average 
production level is as low as 0.10, 0.39, 0.09, 0.47, 
0.41, 0.96, 1.30, and 0.29 Metric Tons (MT) in a 
season13 for coffee, rice, beans, Irish potato, sweet 
potato, cassava, banana (food), and banana (sweet) 
respectively. However, when improved seed is used 
with fertilizer, average production in the season either 
almost doubles or increases by more than twofold for 
majority of the crops at; 0.20, 0.86, 0.11, 0.87, 1.00, 
1.29, 1.56, and 1.36 MT for the same crops respectively 

13 First season of 2013 considered. This is the major production season in Uganda.

(Appendix III). 

Therefore, agricultural technology policy regimes (such 
as fertilizer and seed policies) if effectively implemented 
to improve technological uptake (in a mixed fashion i.e. 
full package of technologies) is capable of boosting 
productivity and production of the priority crop 
commodities. Boosting productivity and production 
is crucial for attaining the priority crop production 
target aspirations stipulated in the Agriculture Sector 
Strategic Plan over the period 2015/16 – 2019/20.

4.5.  Extension-Technology intervention mix and 
agricultural outcome 

Further evidence from the study reveals that extension 
improves productivity outcomes from technology usage 
(Table 5). When agricultural extension support service 
is considered in addition to technology application, we 
observe better agricultural output for farmers who 
received extension services. Using two of the strategic 
crop commodities as an illustration, Table 5 reveals 
that for the case of farmers who apply the technology 
of fertilizer and improved seed, receipt of extension 
services is associated with a rise in productivity from 
0.29 and 0.43 to 1.15 and 1.60 MT/Ha for coffee and 
rice respectively (Table 6). We also observe consistent 

  Table 4         Productivity by technology policy regime and selected crop enterprise

Crop enterprise Weighted sample
(‘000)

Outcome by policy regime
(average productivity - MT/Ha)

Proxy for agricultural technology policy regime

No fertilizer 
with local 

seed

No fertilizer 
but with 
improved 

seed

Fertilizer 
with local 

seed

Fertilizer 
with 

improved 
seed

Rice* 138 1.03 0.77 1.41 1.59
Coffee*** 573 0.57 0.52 0.70 0.80

Maize 2,329 1.01 1.02 1.29 -
Beans*** 2,523 0.60 0.74 0.77 0.81

Irish potato*** 264 3.33 3.18 - 4.14
Sweet potato*** 649 3.00 2.20 4.48 6.77

Source: Author’s computation using ATAAS data 2013. * (10%), ** (5%), and *** (1%) denote statistical significance of equality of mean productivity test by 
technology regime, per crop, based on one-way Analysis of Variance (ANOVA).
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results showing relatively higher agricultural crop 
productivity for farmers who receive extension services 
and apply single technology (i.e. either use improved 
seed without fertilizer or use local seed with fertilizer). 
Similar findings are also observed using other crop 
commodities such as banana and groundnuts (Table 
5). 14

The above findings underpin the importance of having 
in place a coherent and well-coordinated agricultural 
policy mix (in terms of technological uptake and 
extension support related policies) on enhancing 
agricultural outputs by augmenting productivity and 
production. The results still demonstrate that a full 
package of interventions yields the best agricultural 
outcome, especially when the package comprises 
all technologies (e.g. improved seed and fertilizer) 
combined with extension support. 

It should be noted that the main emphasis in the 
results in Table 5 is explaining the importance of 
extension support in addition to technology intervention 
or application, where the major observation we make 
is that extension support improves technology efficacy. 
However, we also note from Table 6 that better 
productivity may not materialize without extension 
support even when farmers are using fertilizer and 
improved seed. This is possible because farmers can 
hardly understand proper technology or input use 

14 Results for groundnuts not reported.

without knowledge gained through extension, hence 
the likelihood of realizing lower outputs even when 
technology is applied. This phenomenon is supported by 
previous evidence for rice and potatoes as illustrated in 
Bjorn (2016). Another important aspect of the findings 
(from both Table 4 and 5) is that in some instances, 
single technology application may not result into better 
outcome compared to non-application. Indeed the use 
of single technology (e.g. improved seed alone) without 
fertilizer and proper extension services cannot yield 
desirable outcome, hence possibility of a complete 
waste of resources. This is because crop productivity 
is in many cases lower when local seed (only) is used, 
yet improved seed is usually expensive.

4.6.  Results from micro-econometric estimation

The micro-econometric evidence based on 
Unconditional Quantile Treatment Effect (UCQTE) 
model is consistent with the findings from descriptive 
statistics discussed in the preceding sub-section. 
The evidence reveal that overall, the productivity 
effect or gain due to application of a full package of 
agricultural interventions is larger than the gains 
derived from single and/or partial intervention. The 
effect of single technology intervention is minimal, 
demonstrated by overall productivity increase of only 
5% and 43% due to improved seed alone and fertilizer 
alone respectively. With a boost in technology regime, 
where there is joint application of the improved seed 
and fertilizer technologies (i.e. partial intervention 

  Table 5      Productivity by extension-technology mix

Crop Enterprise Extension -Technology mix
Productivity by crop enterprise (MT/Ha)

(1 = with extension service; 2 = without extension service)
No fertilizer with local 

seed
No fertilizer but with 

improved seed
Fertilizer with local 

seed
Fertilizer with 
improved seed

1 2 1 2 1 2 1 2
Rice 0.95 0.94 0.82 0.61 1.50 1.47 1.60 0.43

Coffee 0.58 0.53 0.58 0.41 0.82 0.72 1.15 0.29

Banana – food - - 2.86 1.79 - - 6.65 3.24

Source: Author’s computation using ATAAS data 2013
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without extension), productivity increases by a bigger 
margin of at least 60%. However, with a full package 
of agricultural interventions which addresses both 
technology and extension support related constraints, 
we observe the highest productivity increment of 
80% (Appendix V). The UCQTE results are statistically 
significant with percentage changes (increases) in 
productivity due to application of a full package of 
agricultural interventions (i.e. fertilizer, improved seed, 
with agricultural extension services) ranging between 
20% and 124%, averaging 80% along the distribution 
of productivity (see Table 6 and appendix V).

Significant effect of the full package of interventions 
is observed in the middle to upper end of productivity 
distribution, which implies a much higher effect in 
households characterized by relatively high level of 
productivity. The highest effect of the full package is 
observed between the 60th and 70th percentiles of 
productivity distribution, through the upper end of the 
distribution at the 90th percentile.

In the case of single technology application of fertilizer 
(inorganic) alone, statistically significant increases 
in productivity range between about 23% and 63% 
(averaging 43%) along the productivity distribution 
(Appendix V). The highest effect for inorganic fertilizer 
is observed around the 80th and 90th percentiles of 
productivity distribution, implying that the effects are 

as well much higher among households characterized 
by high levels of productivity and/or highly efficient 
farmers.

For improved seed technology alone, the overall 
effect on productivity is also positive, but averages 
only about 5% along the distribution of productivity 
with statistically significant effects ranging between 
(0.03%) and 13%, and the highest effect observed is 
between the 60th and 70th percentiles of productivity 
distribution (Appendix V). 

We observe a negative sign at the lower end of the 
productivity distribution (i.e. between the first and 
third percentiles) for the case of improved seed, and 
this might be related to lack of knowledge on the 
recommended rate of the technology application – 
leading to worse-off results, or the way some farmers 
in that category of productivity answered the survey 
question on use of improved seed variety. Lack of 
knowledge on improved seed technology application is 
a possible explanation, given that majority of farmers 
using improved seed do not have access to extension. 
For example, only 5% of farming households apply 
improved seed (as well as fertilizer) and received 
extension support (Table 3). Another plausible 
explanation is that some farmers recycle old seed 
which actually qualify to be local or unimproved variety 
but due to inability of many farmers to differentiate 

   Table 6      Unconditional Quantile Treatment Effect (UCQTE) - Full Package of Interventions

Percentile UQTE 95% Confidence interval

P10 0.008 [-0.47319 0.489667]
P20 - -
P30 - -
P40 0.222 [-0.41633 0.861172]
P50 0.672 [-3.82128 5.16432]
P60 1.239*** [1.014664 1.462826]
P70 1.013*** [0.829644 1.196166]
P75 0.873*** [0.707421 1.039393]
P80 0.677*** [0.525505 0.828517]
P90 0.196** [0.036628 0.354823]

Source: Author’s computation using ATAAS data (2013). Productivity variable transformed into natural logarithm.
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between local or recycled seed and improved seed 
(that is not recycled), they may misinterpret some of 
the recycled local seed as improved seed variety15. The 
implication is that during the survey, some farmers 
might report seed of questionable quality as improved 
or quality seed.16 However, we observe that the 
negative sign disappears with introduction of fertilizer 
technology and extension support services, which 
signals that delivering a full package of interventions 
is powerful – capable of counteracting input use 
knowledge gap and some of the input quality related 
challenges, and is therefore the best game changer in 
terms of productivity enhancement. 

The last set of evidence under the micro-econometric 
estimation demonstrates the extent to which a full 
package of technology-extension interventions yields 
better agricultural outcome compared to partial 
interventions. Here, estimates of the UCQTE (Appendix 
V) reveal that use of a full package of interventions 
(fertilizer, improved seed, with extension support) has 
a higher productivity gain than partial agricultural 
interventions such as the combination of fertilizer and 
improved seed without extension support. Overall, the 
productivity gain due to full package of interventions is 
higher than that due to partial interventions by about 
20 percentage points (Appendix V). This part of results 
is also in conformity to the earlier evidence discussed 
under descriptive statistical analysis. Further, when 
productivity is standardized (based on z-scores) 
to ensure comparability across crops, we observe 
consistent results to those discussed above (see 
results in Appendix VI).

15 Improved seed variety that is not recycled is newly purchased commercial seed 
(Morris et al., 2004)

16 This posed a data challenge during our analysis, and is expected to introduce 
some degree of measurement errors. Although evidence show that seed recy-
cling is associated with lower agricultural crop productivity (Nkonya & Mwangi, 
2004; Morris, Risopoulos, Beck, 2004). In our analysis we were not in position 
to disentangle this relationship by further disaggregating the data to separate 
and examine the implication of recycled and non-recycled seed, given that the 
survey data did not capture issues of recycling and non-recycling of seed. How-
ever, given the observed intriguing sign at the lower end of the distribution, this 
is an area we recommend for further seed specific interrogation or research to 
provide more detailed and context specific evidence pertaining to the implica-
tions of seed recycling, taking into account a clear disaggregation of use of 
recycled and non-recycled seed (including length of recycling) in Uganda, which 
is beyond the scope of our current analysis.

4.7.  Likely economic return from different 
technology-extension intervention regimes

This section provides information on economic returns 
associated with crop productivity under differing 
technology regimes. Results are presented for coffee 
specifically because it is a strategic crop commodity 
identified as having potential to bring about socio-
economic transformation within rural communities in 
Uganda in the short and medium term (MAAIF, 2010; 
Mbowa et al., 2014; STEPMAN, February 2017; Ibid, 
June 2017). Uganda has in place a plan to increase 
coffee production and exports to 20 million 60-kg 
bags annually to cause the desirable economic 
transformation to the lower middle income status. 

Results show that holding acreage under coffee constant 
(397.4 thousand hectares), when extension support 
is not provided and without adequate technology, 
then it is not possible to create the positive impact 
sought for in the agricultural system. For example; 
without extension support and productivity enhancing 
technologies, coffee yield is about 0.5 MT/Ha (which 
is below national average). This translates into wealth 
created from coffee production at farm level to about 
259 million USD as overall economic return. Likewise, 
if farmers were to receive improved coffee seedlings 
like under the Operation Wealth Creation (OWC) 
program, but provided with extension support-without 
fertilizer - productivity increases to about 0.6 MT/Ha, 
creating wealth of about 301 million USD among coffee 
farmers. However, when farmers apply a full package 
of recommended technologies (fertilizer and improved 
seed), and receive agricultural extension support 
services, productivity more than doubles to about 1.2 
MT/Ha, resultantly doubling economic returns to about 
623 million USD (Table 8).

The evidence implies that instituting technology-
extension policies and effectively implementing 
them to the extent that farmers take up use of the 
productivity enhancing technologies and receive 
extension support services is associated with higher 
economic returns. This underscores the importance 
of effective implementation of the fertilizer, seed and 
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extension policies in an integrated manner to the extent 
that such services are easily and jointly accessible by 
the farmers, given the associated higher productivity 
and economic gains.

The findings indeed demonstrate that access to 
extension services is crucial for enhancing economic 
returns due to increased productivity arising from 
receipt of extension support in addition to technology 
application under different technology regimes. For 
instance, inclusion of extension services access is 
likely to increase the economic returns for farmers who 
use improved seed but without fertilizer by about 41 
percent from 213 to 301 million USD. For those who 
use fertilizer with local seed, economic return is likely 

to increase by about 14% from 374 to 425 million USD 
when extension support is provided to farmers. These 
economic returns or benefits represent incremental 
net benefits arising from extension support at national 
level.

We find consistent results for other selected strategic 
crop commodities. For example, in the case of rice, 
if farmers use local seed without fertilizer and with 
no extension support, the likely economic return is 
approximately 92.8 million USD. However, if farmers 
use the right technology mix or package (i.e. improved 
seed, fertilizer) and receive extension support services, 
the likely economic return increases by more than half 
(70%) as reflected in Figure 3.

  Table 7       Coffee – Economic returns under differing technology-extension regimes

No fertilizer
Local seed

No extension

No fertilizer
Improved seed
No extension

No fertilizer
Improved seed

Extension

Fertilizer
Local seed

No extension

Fertilizer
Local seed
Extension

Fertilizer
Improved seed

Extension

Yield (MT/Ha) 0.5 0.41 0.58 0.72 0.82 1.2
Acreage (Ha) 397,398 397,398 397,398 397,398 397,398 397,398
Volume (MT) 198,699 162,933 230,491 286,127 325,866 476,878
Econ return 
(million USD)

259 213 301 374 425 623

Source: Author’s computation based on ATAAS data (2013), FAO stat, and Info Trade

Figure 3     Rice-Economic returns with and without technology-extension package

Source: Author’s computation based on ATAAS data (2013), FAO stat, and Info Trade
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In the case of banana, available data show that the 
importance of using technology as a package (fertilizer, 
improved seed) together with extension support is 
reflected in the fact that this technology-extension mix 
yields the highest overall economic return of about 
378 million USD compared to use of single technology 
such as improved seed without fertilizer (Figure 4). 
The results show that inclusion of extension support 
to different technology options yields better economic 
outcome. For example, provision of extension support 
to farmers who use improved seed without fertilizer is 
likely to increase economic return by about 59 percent. 
Furthermore, the evidence reveal that provision of 
extension support to farmers who use improved 
seed with fertilizer is likely to more than double the 
economic return from about 184 to 378 million USD 
(Figure 4). This finding reinforces previous results on 
coffee and rice, hence supporting the main argument 
that application of agricultural technology as a package 
complemented by extension support is capable of 
producing desirable levels of agricultural outcome 
as well as higher economic returns for farmers at 
household level and the economy at large.

4.8.  Plausible pathways for effects of full 
package of agricultural interventions

The evidence gathered demonstrate that application 
of a combination (i.e. full or complete package) of 
agricultural interventions is actually more powerful 
in regard to delivering desirable agricultural outcome 
and economic return rather than piece-meal or single 
and/or partial interventions. Plausible explanation 
of the pathway for observed stronger effects of joint 
application of agricultural technology and extension 
is due to efficacy of a well-coordinated or integrated 
agricultural intervention framework (Melesse, 2014; 
Owens et al., 2003; World Bank, 2007; Kassie et 
al., 2011; Alene & Coulibaly, 2009). An integrated 
agricultural policy intervention framework that provides 
for a holistic approach to service delivery fosters 
complementary relationships (among interventions) 
hence driving productivity and economic benefits. 
This type of framework addresses the issue of joint 
or integrated application of agricultural technologies 
and support services (e.g. the package of – improved 
seed, fertilizer and extension), resulting into the most 

Figure 4      Banana - Economic returns by technology-extension options 

Source: Author’s computation based on ATAAS data (2013), FAO stat, and Info Trade



23

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

significant (highest) agricultural development outcome 
and economic returns rather than application of 
unsystematic partial (or single) policy measures.

Therefore, effective implementation of a full package of 
agricultural interventions produces the best agricultural 
outcome and economic return. This deduction (based 
on the findings) also resonate with Hussein and 
Perera’s (2004) principle of an integrated (coordinated) 
approach of service provision in agriculture that 
further explains plausible pathways of the effects. In 
addition to the complementary relationships that the 
interventions in a package play in driving outcomes, 
an integrated approach to the provision of agricultural 
services that delivers a package of interventions 
rather than piece-meal interventions is more effective 
because, the strategy concurrently addresses a 
myriad challenges faced by farmers (Hussein and 
Perera, 2004). For example, through this approach, 
the following can be concurrently addressed. First is 
boosting access to new technologies, agronomic and 
market information, finance, and other services which 
are often available but not necessarily accessible by 
majority of farmers especially smallholders when and 
where they are needed. The approach tackles issues 
beyond availability of these technologies and services, 
but access to them. It is also easier for an integrated 
system to concurrently or in a complementary manner 
address institutional challenges that bedevil piece-
meal interventions such as fragmentation, limited 
capacity and scope, poor quality, inefficiency, and 
inequities, and service provider disincentives.

In an integrated service provision model, a “One-Stop-
Shop” can be established at the village/parish, sub-
county or town levels to provide farmers with holistic 
services such as; knowledge on best agronomic 
practices, productivity enhancing technologies, 
extension services, irrigation, financing/credit, market 
information and linkages, as well as emerging 
agricultural issues. All these can be provided in a 
well-coordinated manner rather than use of piece-
meal uncoordinated measures, hence catalyzing key 
outcomes such as productivity and economic gains. 

5.  CONCLUSION AND POLICY 
RECOMMENDATION

This paper examines the implication of technology-
extension policy options on agricultural outcome 
and economic returns, by analyzing likely effects of 
implementing national agricultural policies (i.e. seed, 
fertilizer, and extension policies). The study takes 
an approach based on the concept of counterfactual 
analysis using UCQTE model. The main data are from 
the Agricultural Technology and Agribusiness Advisory 
Services (ATAAS) survey of 2013 - Uganda; and others 
are FAO statistics, and Agricultural Management 
Information System. Agricultural outcome is measured 
using productivity (i.e. output per unit input) and 
economic return is estimated based on the incremental 
net benefit approach. The main focus in the paper 
was on examining the outcomes of; not implementing 
agricultural policy interventions, implementing 
policy measures in piece-meal mode (partially), and 
implementing the interventions in “combination i.e. 
as a complete package”. Through this, we analyze an 
operating farming environment that a cross-section of 
farming households face in Uganda where there is no 
policy support, minimal support, and the rare category 
with full support, respectively.

We observe low level of technological uptake (complete 
or full package) in all the nine agro-ecological zones 
of Uganda. Application of full package of productivity 
enhancing technologies is very low among farming 
households for all the ASSP strategic crop enterprises 

– e.g. the proportion of farming households where both 
fertilizer and improved seed are used (full package), 
ranges between 7% and 14% depending on priority 
crop enterprise. Majority of farming households using 
fertilizer apply it on local seed for all the strategic crop 
commodities considered, which does not yield desired 
agricultural outcome. Results as well show that an 
overwhelming majority (more than 70%) of farming 
households who don’t use improved seed and fertilizer 
did not also receive extension support, which presents 
enormous productivity and production challenge to 
most farmers since they are not privy to both advisory 
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services and productivity enhancing technologies.

Uptake of productivity enhancing technologies in 
complete package is very low but importantly, the 
evidence proves that when technologies are applied as 
a package(s), the likelihood of maximizing productivity 
and production is high. Use of fertilizer and improved 
seed increases national average yield in rice from 
1.0 to 1.6 MT/Ha; and for coffee from 0.6 to 0.8 MT/
Ha. There is overwhelming evidence that extension 
improves productivity outcomes from technology 
usage. Farmers who apply fertilizer and improved seed, 
and are recipients of extension support services record 
a rise in productivity from 0.43 to 1.6 MT/Ha in rice, 
and 0.29 to 1.2 MT/Ha in coffee production. Micro-
econometric evidence based on Unconditional Quantile 
Treatment Effect model is consistent with findings from 
descriptive statistics. The evidence reveal that overall, 
agricultural productivity gain due to application of a 
full package of agricultural interventions is larger than 
that derived from single and/or partial intervention, 
although the effects are more significant in households 
characterized by higher productivity level or among 
farmers with higher production efficiency.

In terms of economic returns (wealth created through 
agriculture), it is demonstrated in this study that, when 
agricultural extension support service is received 
by farmers in addition to technology application, the 
wealth that would be created among coffee farming 
communities rises to about 623 million USD, as 
opposed to only approximately 259 million USD in 
absence of such support. Results are uniform across 
other strategic or priority crop commodities in Uganda 
(e.g. banana - food). 

The pathway for observed stronger effects of joint 
application of agricultural technology and extension 
is due to efficacy of a well-coordinated or integrated 
agricultural intervention framework. This is because an 
integrated agricultural policy intervention framework 
that provides for a holistic approach to service 
delivery fosters complementary relationships (among 
interventions) hence driving productivity and economic 
benefits. A strategy of an integrated model is capable 

of concurrently addressing a myriad challenges faced 
by farmers - while tackling issues beyond availability 
of technologies and services, but access to them; 
and addressing institutional challenges that bedevil 
piece-meal interventions. Hence a well-coordinated 
or integrated agricultural policy framework that 
addresses the issue of joint or integrated application 
of agricultural technologies and support services yields 
the most significant (highest) agricultural development 
outcome and economic returns rather than application 
of unsystematic partial (or single) policy measures.

Accordingly, we infer that application of agricultural 
technology as a package complemented by extension 
support yields maximal agricultural outcome as well 
as higher economic return for farmers at household 
level and the economy at large. The implication is 
that implementing policy interventions (e.g. extension, 
seed, and fertilizer policies) as a complete package 
of interventions yields better agricultural outcomes 
and larger economic returns. Piece-meal policy 
interventions do not deliver desired outcomes. The 
results tend to justify public investment in the 
implementation of the three agricultural policies in an 
integrated manner (i.e. seed, fertilizer, and extension) 
to increase agricultural crop productivity in the 
country. This calls for action towards effective design 
and implementation of extension and agricultural 
technology related policies, using a well-coordinated 
approach geared towards improving joint access to 
the technologies as well as extension services, in an 
integrated package of policy interventions. Instituting 
effective coordination mechanism for implementation 
of these technology-extension related policies to create 
joint access and improve uptake is paramount.



25

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

6.  REFERENCES 

Alene, A.D; Coulibaly, O. (2009). The impact of agri-
cultural research on productivity and poverty 
in sub-Saharan Africa. Food Policy 34(2), 
198-209.

Andrews R, J; Li, J. (2011). Quantile treatment effects 
of college quality on earnings: Evidence from 
administrative data in texas.

Becerril and Abduali. (2010). The impact of maize va-
rieties on poverty in Mexico; a propensity score 
matching approach .world development.

Benin, S.E; Nkoya, G; Okecho, J; Randriamanon ,E; 
Kato ,G; Lubabe, M. K; Byekwaso, F.(2008). 
The Impact Evaluation and Return to Invest-
ment of National Agriculture Advisory Services 
(NAADS) Program Of Uganda. Discussion 
paper 724, International Food Policy Research 
Institute (IFPRI), Washington, DC.

Bjorn V.C. (2016). Risk and sustainable crop intensifi-
cation. The case of smallholder rice and potato 
farmers in Uganda. Paper presented at the 5th 
International Conference of the African Asso-
ciation of Agricultural Economists. September 
2016, Addis Ababa, Ethiopia.

Carlber, E.J. (2012). An economic evaluation of 
groundnut research in Uganda and Ghana

Cornelius, A; Masset, E. (2012), Effectiveness of 
Agricultural Investment that improve the nutri-
tional status of the children. Journal of applied 
Econometrics 23,173-191.

Duval, L; Wolff, F. (2013). The consumption-
enhancing effect of remittances: Evidence 
from Kosovo. Working paper # 107, January 
2013. The wiiw Balkan Observatory, Global 
Development Network, Southeast Europe.

Ereson,R. E .& Gollin, D. (2003). Crop variety im-
provement and its effects on productivity; The 
impact of international agriculture research. 
Walling Ford, UK, CABI publishing.

Firpo, S. (2007). Efficient semiparametric estimation 
of quantile treatment effects. Econometrica, 
Vol. 78 #1, pp259-276. January, 2007. 

Frolich, M; Melly, B. (2010). Estimation of quantile 

treatment effects with stata. The stata journal, 
vol.10 # 3, pp 423-457.

Gollin, D; Evenson, R. (2003). Valuing animal genetic 
resources: Lessons from plant Genetic 
Resources .Ecological Economics 45(3):353-
363.

Heckman, J.J. (2008). Economic causality. 
International statistics Review, 76(1), 1-27.

Heckman, J.J. (2010). Building bridges between 
structural and program approach to evaluating 
policy. Journal of econometric literature, 
48(2)356-396.

Hussein, I; Perera, L.R. (2004). Improving 
agricultural productivity through integrated 
service provision with public-private 
sector partnerships: Examples and issues. 
International Water Management Institute, 
working paper # 66.

Jussi, L; Ollikanen, M. (2011). Counterfactual 
Approach for assessing agro-environmental 
policy. Theory with an application to Finnish 
water protection Policy

Koenker, R; Bassett, G. (1978). Regression quantiles. 
Econometrica, vol. 46 #1, pp 33-50. January, 
1978. 

Kassie, M; Shiferaw, B; Muricho, G. (2011). 
Agricultural technology, crop income, and 
poverty alleviation in Uganda. World 
Development 39(10), 1784-1795.

Kinuthia, B.K; Mabaya, E. (2017). The impact of 
agriculture technology adoption on farmer’s 
welfare in Uganda and Tanzania. 2017 
Conference on economic development in Africa, 
Centre for the Studies on African Economies. 
University of Oxford, Oxford, UK.

Lorenzo, G.B; Rosaria, V.P. (2009). Quantitative Socio-
Economic Policy Analysis. A methodological 
Introduction. FAO Policy Learning Programme.

Mahofa, G. (2007). Economic Analysis of factors af-
fecting Cotton production in Zimbabwe.

MAAIF - Ministry of Agriculture, Animal Industry & 
Fisheries. (2010). Agriculture Sector Develop-
ment Strategy and Investment Plan 2010/11-
2014/15; Agriculture for Food and Income 
Security. Republic of Uganda.



26

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

Mariam, A.T.J.M; Kirsten, J.F; Meyer, F.H. (2012). 
The impact of agricultural innovation system 
interventions on rural livelihood out comes in 
Malawi.

Matsumoto, T. (2013). Disseminating new farming 
practices among small scale farmers: An 
experimental intervention in Uganda. GRIPS 
discussion paper 13-18, September 2013. 
National Graduate Institute for Policy Studies, 
Tokyo, Japan.

Mbowa, S; Odokonyero, T; Munyambonera, E. (2014). 
The potential of coffee to uplift people out of 
poverty in Northern Uganda. Economic Policy 
Research Centre (EPRC) in collaboration with 
the African Growth Initiative at Brookings, 
Washington. EPRC research report # 11, May 
2014.

Melesse, T.M. (2014). Productivity and household 
welfare impact of technology adoption: A 
microeconometric analysis.

MoFPED. (2019). Background to the Budget Fiscal 
year 2019/20. Ministry of Finance, Planning 
and Economic Development. The Republic of 
Uganda, June 2019.

Morris, M.L; Risopoulos, J; Beck. (1999). Genetic 
change in farmer-recycled maize seed: A 
review of the evidence. CIMMYT Economics 
Working Paper No. 99-07. Mexico, D.F.: 
CIMMYT.

Nkonya, E; Mwangi, W. (2004). The economic 
rationale of recycling hybrid seeds in Northern 
Tanzania. EAJRD, Vol. 20, December 2004.

Nigussie, A; Adisu, A; Desalegn, K; Gebreegziabher, A. 
(2016). Agricultural extension for enhancing 
productivity and poverty alleviation in 
smallscale irrigation agriculture for sustainable 
development in Ethiopia. African Journal of 
Agricultural Research. Vol 11(3) pp 171-183, 
January 2016.

NPA - National Planning Authority. (2010). National 
Development Plan (2010/11-2014/15). 
Republic of Uganda, April 2010.

NPA - National Planning Authority. (2015). Second 
National Development Plan (NDP II) 

2015/16-2019/20. Strengthening Uganda’s 
Competitiveness for Sustainable Wealth 
Creation, Employment and Inclusive Growth. 
The Republic of Uganda.

Nyamekye, I; Fiankor, D.D; Ntoni, J.O. (2016). Effect of 
human capital on maize productivity in Ghana: 
A quantile regression approach. International 
Journal of Food and Agricultural Economics, Vol 
4 # 2, 125-135.

Ogunniyi, A; Olagunju, K. (2015). Impact of agriculture 
innovation on the Livelihood and productivity 
outcomes among small holder farmers in Rural 
Nigeria. Working paper No 2015/07.

Okoboi, G. (2010). Improved input use and 
productivity in Uganda‘s maize sub sector. 
Economic Policy Research Centre.

Owens, T; Hoddinott, J; Kinsey, B. (2003). The impact 
of agricultural extension on farm production 
in resettlement areas of Zimbabwe. Economic 
Development and Cultural Change 51(2), 337-
357.

Pasaran, H; Smith, R.P. (2012): Counterfactual Analy-
sis in Macroeconomics; An Empirical Investi-
gation into the effect of Quantitative Easing.

Qaim, M.A; Subramanian, G.N; Zilberman, D. (2006). 
Adoption of cotton and impact variability: 
Insight from India. Review of Agriculture eco-
nomics 28(1):48-58.

Sibande L; Bailey, A; Davidova, S. (2015). The impact 
of farm input subsidies on household welfare 
in Malawi. International conference of agricul-
tural economists – Agriculture in an intercon-
nected world. Milan, Italy – 2015.

STEPMAN. (February 2017). Transformative approach 
to Uganda’s export strategy. Strategic Econom-
ic Policy and Management (STEPMAN) forum, 
Office of the Secretary to the Treasury, Ministry 
of Finance, Planning and Economic Develop-
ment (MFPED), Policy Note # 1, February 
2017.

STEPMAN. (June 2017). Agro-industrialization for 
inclusive growth and development. Strategic 
Economic Policy and Management (STEPMAN) 
forum, Office of the Secretary to the Treasury, 
Ministry of Finance, Planning and Economic 



27

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

Development (MFPED), Policy Note # 2, June 
2017.

Taye, H.M. (2013).Evaluating the impact of agriculture 
extension programs in sub-Saharan Africans 
and prospects. African Evaluation Journal: vol 
1 No 1(2013)

Thapa, S. (2016). Adoption of improved seed and 
inorganic fertilizer in Nepal. CIFREM, University 
of Trento.

UBoS (2018). The Uganda National Household Survey 
2016/2017: Uganda Bureau of Statistics – 
Main Report, Kampala, Uganda.

Uganda Bureau of Statistics. (2012). Agricultural sec-
tor statistical abstract.

UBoS (2016). The National Population and Housing 
Census 2014, Uganda Bureau of Statistics – 
Main Report, Kampala, Uganda.

World Bank. (2007). World Development Report 2008: 
Agriculture for development. Technical report, 
World Bank.

World Bank. (2011). Impact Evaluation in Agriculture. 
An assessment of evidence. Washington DC.

World Bank. (2016). Uganda Poverty Assessment. 
Farms, Cities and Good Fortune: Assessing 
Poverty in Uganda from 2006 to 2013. Fact 
Sheet.



28

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

7.
  

AP
PE

ND
IC

ES
 

AP
PE

ND
IX

 I:
 G

DP
 b

y a
gr

ic
ul

tu
re

 re
la

te
d 

ac
tiv

ity

 
20

08
/0

9
20

09
/1

0
20

10
/1

1
20

11
/1

2
20

12
/1

3
20

13
/1

4
20

14
/1

5
20

15
/1

6

Ac
tiv

ity
Q1

Q2
Q3

Q4
Q1

Q2
Q3

Q4
Q1

Q2
Q3

Q4
Q1

Q2
Q3

Q4
Q1

Q2
Q3

Q4
Q1

Q2
Q3

Q4
Q1

Q2
Q3

Q4
Q1

Q2
Q3

GD
P 

at
 

m
ar

ke
t p

ric
es

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

 1
00

.0
 

Ag
ric

ul
tu

re
, 

Fo
re

st
ry

 &
 

Fi
sh

in
g

 2
7.

1 
 2

6.
8 

 2
7.

1 
 2

6.
9 

 2
6.

4 
 2

6.
5 

 2
6.

0 
 2

6.
2 

 2
4.

9 
 2

4.
5 

 2
5.

1 
 2

5.
1 

 2
4.

5 
 2

4.
7 

 2
3.

2 
 2

3.
3 

 2
5.

2 
 2

2.
9 

 2
2.

9 
 2

2.
2 

 2
4.

1 
 2

2.
2 

 2
2.

6 
 2

2.
6 

 2
2.

5 
 2

2.
9 

 2
2.

1 
 2

2.
7 

22
.5

22
.6

21
.5

Ca
sh

 cr
op

s
 2

.3
 

 2
.6

 
 2

.2
 

 2
.4

 
 1

.9
 

 2
.1

 
 1

.6
 

 2
.1

 
 1

.8
 

 1
.7

 
 1

.9
 

 1
.6

 
 2

.1
 

 1
.8

 
 1

.9
 

 1
.6

 
 1

.7
 

 1
.8

 
 1

.8
 

 1
.9

 
 1

.6
 

 1
.8

 
 1

.7
 

 1
.6

 
 1

.7
 

 1
.6

 
 1

.7
 

 1
.7

 
1.

9
1.

7
1.

7

Fo
od

 cr
op

s
 1

4.
7 

 1
4.

3 
 1

4.
8 

 1
4.

6 
 1

4.
6 

 1
4.

6 
 1

4.
8 

 1
4.

3 
 1

3.
4 

 1
3.

2 
 1

4.
0 

 1
4.

1 
 1

3.
2 

 1
3.

6 
 1

1.
9 

 1
2.

3 
 1

4.
2 

 1
1.

4 
 1

1.
2 

 1
1.

1 
 1

3.
2 

 1
0.

8 
 1

1.
5 

 1
1.

7 
 1

1.
5 

 1
2.

3 
 1

1.
5 

 1
1.

7 
11

.5
12

.0
11

.1

Liv
es

to
ck

 4
.8

 
 4

.7
 

 4
.6

 
 4

.6
 

 4
.6

 
 4

.6
 

 4
.5

 
 4

.4
 

 4
.3

 
 4

.2
 

 4
.2

 
 4

.2
 

 4
.2

 
 4

.1
 

 4
.2

 
 4

.2
 

 4
.1

 
 4

.2
 

 4
.2

 
 4

.2
 

 4
.0

 
 4

.2
 

 4
.0

 
 4

.0
 

 4
.0

 
 3

.9
 

 3
.9

 
 3

.9
 

3.
9

3.
8

3.
9

Ag
ric

ul
tu

re
 

Su
pp

or
t 

Se
rv

ice
s

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

 0
.0

 
 0

.0
 

0.
0

0.
0

0.
0

Fo
re

st
ry

 3
.7

 
 3

.6
 

 3
.9

 
 3

.9
 

 3
.9

 
 3

.8
 

 3
.7

 
 4

.0
 

 4
.0

 
 4

.0
 

 3
.8

 
 3

.9
 

 3
.8

 
 3

.9
 

 3
.9

 
 3

.8
 

 3
.9

 
 4

.2
 

 4
.4

 
 4

.1
 

 4
.0

 
 4

.2
 

 4
.2

 
 4

.2
 

 4
.1

 
 3

.8
 

 3
.9

 
 4

.2
 

4.
0

4.
0

3.
7

Fis
hi

ng
 1

.5
 

 1
.6

 
 1

.4
 

 1
.4

 
 1

.4
 

 1
.5

 
 1

.4
 

 1
.4

 
 1

.3
 

 1
.3

 
 1

.3
 

 1
.3

 
 1

.2
 

 1
.3

 
 1

.3
 

 1
.3

 
 1

.2
 

 1
.3

 
 1

.3
 

 1
.0

 
 1

.2
 

 1
.2

 
 1

.2
 

 1
.1

 
 1

.1
 

 1
.2

 
 1

.1
 

 1
.1

 
1.

1
1.

1
1.

2



29

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

AP
PE

ND
IX

 II
: D

et
ai

ls
 o

f e
co

no
m

ic
 re

tu
rn

 b
y i

nt
er

ve
nt

io
n 

le
ve

l

 A
. C

OF
FE

E
Pa

ra
m

et
er

s
No

 fe
rti

liz
er

Lo
ca

l s
ee

d
No

 ex
te

ns
ion

No
 fe

rti
liz

er
Im

pr
ov

ed
 se

ed
No

 ex
te

ns
ion

No
 fe

rti
liz

er
Im

pr
ov

ed
 se

ed
Ex

te
ns

ion

Fe
rti

liz
er

Lo
ca

l s
ee

d
No

 ex
te

ns
ion

Fe
rti

liz
er

Lo
ca

l s
ee

d
Ex

te
ns

ion

Fe
rti

liz
er

Im
pr

ov
ed

 se
ed

Ex
te

ns
ion

Yie
ld

 (M
T/

Ha
):A

0.
5

0.
41

0.
58

0.
72

0.
82

1.
2

Ac
re

ag
e 2

01
3 

(H
a)

:B
39

73
98

39
73

98
39

73
98

39
73

98
39

73
98

39
73

98
Vo

lu
m

e (
M

T)
:C

 =
 A

*B
19

86
99

16
29

33
23

04
91

28
61

27
32

58
66

47
68

78
Vo

lu
m

e (
Kg

):D
 =

 C
*1

00
0

19
86

99
00

0
16

29
33

18
0

23
04

90
84

0
28

61
26

56
0

32
58

66
36

0
47

68
77

60
0

Pr
ice

_p
er

_K
g (

UG
X)

:E
47

00
47

00
47

00
47

00
47

00
47

00

Ec
on

 re
tu

rn
:G

 (U
GX

): 
D*

E
93

38
85

30
00

00
76

57
85

94
60

00
10

83
30

69
48

00
0

13
44

79
48

32
00

0
15

31
57

18
92

00
0

22
41

32
47

20
00

0
Ec

on
 re

tu
rn

:H
 (m

illi
on

 U
SD

)
25

9
21

3
30

1
37

4
42

5
62

3
 B.

 R
IC

E
Pa

ra
m

et
er

s
No

 fe
rti

liz
er

Lo
ca

l s
ee

d
No

 ex
te

ns
ion

Fe
rti

liz
er

Im
pr

ov
ed

 se
ed

Ex
te

ns
ion

Yie
ld

 (M
T/

Ha
):A

0.
94

1.
6

Ac
re

ag
e 2

01
3 

(H
a)

:B
93

00
0

93
00

0
Vo

lu
m

e (
M

T)
:C

 =
 A

*B
87

42
0

14
88

00
Vo

lu
m

e (
Kg

):D
 =

 C
*1

00
0

87
42

00
00

14
88

00
00

0
Pr

ice
_p

er
_K

g (
UG

X)
:E

38
25

38
25

Ec
on

 re
tu

rn
:G

 (U
GX

): 
D*

E
33

43
81

50
00

00
56

91
60

00
00

00
Ec

on
 re

tu
rn

:H
 (m

illi
on

 U
SD

)
92

.8
15

8.
1

 



30

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

C.
 B

AN
AN

A 
(F

OO
D)

Pa
ra

m
et

er
No

 fe
rti

liz
er

Im
pr

ov
ed

 se
ed

No
 ex

te
ns

ion

No
 fe

rti
liz

er
Im

pr
ov

ed
 se

ed
Ex

te
ns

ion

Fe
rti

liz
er

Im
pr

ov
ed

 se
ed

No
 ex

te
ns

ion

Fe
rti

liz
er

Im
pr

ov
ed

 se
ed

Ex
te

ns
ion

Yie
ld

 (M
T/

Ha
):A

1.
79

2.
86

3.
24

6.
65

Ac
re

ag
e 2

01
3 

(H
a)

:B
13

19
90

13
19

90
13

19
90

13
19

90

Vo
lu

m
e (

M
T)

:C
 =

 A
*B

23
62

62
37

74
91

42
76

47
87

77
34

Vo
lu

m
e (

Kg
):D

 =
 C

*1
00

0
23

62
62

10
0

37
74

91
40

0
42

76
47

60
0

87
77

33
50

0

Pr
ice

_p
er

_K
g (

UG
X)

:E
15

50
15

50
15

50
15

50

Ec
on

 re
tu

rn
:G

 (U
GX

): 
D*

E
36

62
06

25
50

00
58

51
11

67
00

00
66

28
53

78
00

00
13

60
48

69
25

00
0

Ec
on

 re
tu

rn
:H

 (m
illi

on
 U

SD
)

10
2

16
2

18
4

37
8

So
ur

ce
: A

ut
ho

r’s
 co

m
pu

ta
tio

n 
ba

se
d 

on
 A

TA
AS

 d
at

a 
(2

01
3)

, F
AO

 st
at

, a
nd

 In
fo

 Tr
ad

e

AP
PE

ND
IX

 II
I

Ta
bl

e 5
b:

 P
ro

du
ct

ion
 b

y t
ec

hn
olo

gy
 p

oli
cy

 re
gim

e17

Ou
tc

om
e

(p
ro

du
ct

ion
 b

y c
ro

p 
en

te
rp

ris
e)

Av
er

ag
e(

To
ta

l) 
pr

od
uc

tio
n 

in
 M

T

Pr
ox

y f
or

 a
gr

icu
ltu

ra
l t

ec
hn

olo
gy

 p
oli

cy
 re

gim
e

No
 fe

rti
liz

er
 w

ith
 lo

ca
l s

ee
d

No
 fe

rti
liz

er
 b

ut
 w

ith
 im

pr
ov

ed
 se

ed
Fe

rti
liz

er
 w

ith
 lo

ca
l s

ee
d

Fe
rti

liz
er

 w
ith

 im
pr

ov
ed

 se
ed

Ri
ce

0.
39

 (4
8,

32
0)

0.
33

 (2
,3

05
)

0.
58

 (2
,2

04
)

0.
86

 (4
,4

22
)

M
ai

ze
0.

23
 (4

44
,5

91
)

-
0.

21
 (7

2,
65

6)
0.

27
 (5

1,
65

4)
M

ille
t

0.
18

 (4
0,

66
3)

0.
25

 (2
28

)
0.

14
 (2

,9
14

)
-

So
rg

hu
m

0.
15

 (6
2,

06
6)

0.
11

 (5
04

)
0.

18
 (5

,1
84

)
0.

23
 (3

63
)

Be
an

s
0.

09
 (1

95
,6

41
)

0.
09

 (1
7,

13
0)

0.
08

 (4
1,

00
5)

0.
11

 (1
0,

68
2)

Iri
sh

 p
ot

at
o

0.
47

 (9
8,

44
1)

0.
60

 (7
,8

70
)

0.
72

 (4
0,

04
0)

0.
87

 (1
2,

49
1)

Sw
ee

t p
ot

at
o

0.
41

 (2
44

,2
72

)
0.

38
 (1

,7
97

)
0.

47
 (3

7,
95

7)
1.

00
 (3

,4
75

)
Ca

ss
av

a
0.

96
 (6

29
,9

05
)

-
0.

82
 (8

8,
31

5)
1.

29
 (4

3,
34

7)
Ba

na
na

 fo
od

1.
30

 (1
,1

30
,8

76
)

0.
59

 (7
,0

81
)

1.
63

 (8
81

,5
90

)
1.

56
 (3

2,
49

2)
Ba

na
na

 sw
ee

t
0.

29
 (3

,6
54

)
0.

15
 (3

50
)

0.
27

 (1
,3

51
)

1.
36

 (6
66

)
Co

ffe
e

0.
10

 (4
5,

76
0)

0.
16

 (2
,6

82
)

0.
17

 (2
8,

30
2)

0.
20

 (1
,6

19
)

So
ur

ce
: A

ut
ho

r’s
 co

m
pu

ta
tio

n 
us

in
g A

TA
AS

 d
at

a 
20

13

17
 

 F
igu

re
s i

n 
pa

re
nt

he
se

s r
ep

re
se

nt
 to

ta
l p

ro
du

ct
ion

 vo
lu

m
e



31

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

AP
PE

ND
IX

 IV
: P

ro
pe

ns
ity

 sc
or

e 
 e

st
im

at
io

n

Le
t t

he
 te

rm
 b

elo
w 

 re
pr

es
en

t a
  

- l
en

gt
h 

ve
ct

or
 of

 p
oly

no
m

ia
l f

un
ct

ion
s u

p 
to

 or
de

r k
, s

uc
h 

th
at

;
  ;

 w
ith

 
 re

pr
es

en
tin

g a
 fu

nc
tio

n 
of

 th
e s

am
pl

e s
ize

 
 su

ch
 th

at
: 

 a
s .

Th
e 

 is
 es

tim
at

ed
 a

s;
  W

he
re

; 
 , 

 , 
an

d 
 is

 ob
ta

in
ed

 b
y m

ax
im

izi
ng

 th
e f

un
ct

ion
 b

elo
w,

 w
.r.

t  

Ap
pe

nd
ix 

V:
 U

CQ
TE

 fo
r d

iff
er

en
t t

ec
hn

ol
og

y-
ex

te
ns

io
n 

in
te

rv
en

tio
n 

re
gi

m
es

Pe
rc

en
til

e
Fu

ll P
ac

ka
ge

(F
er

til
ize

r +
 Im

pr
ov

ed
 se

ed
 +

 E
xte

ns
ion

)
Pa

rti
al

 in
te

rv
en

tio
n

 (F
er

til
ize

r +
 Im

pr
ov

ed
 se

ed
)

Si
ng

le 
in

te
rv

en
tio

n
(F

er
til

ize
r -

 in
or

ga
ni

c)
Si

ng
le 

in
te

rv
en

tio
n 

(Im
pr

ov
ed

 se
ed

)

P1
0

0.
00

82
38

0.
08

52
89

7
-0

.0
14

02
26

-0
.0

18
02

**
P2

0
-

0.
12

22
67

7
-0

.0
16

66
61

-0
.0

21
87

**
P3

0
-

0.
00

75
75

5
0.

09
99

78
7

-0
.0

37
48

P4
0

0.
22

24
22

-0
.1

31
05

88
0.

10
70

15
8

-0
.0

18
64

P5
0

0.
67

15
21

-0
.0

14
14

4
0.

22
82

50
9*

0.
04

34
28

P6
0

1.
23

87
45

**
*

0.
20

12
53

0.
34

80
66

4*
**

0.
11

21
02

**
*

P7
0

1.
01

29
05

**
*

0.
77

90
46

3*
**

0.
36

11
87

9*
**

0.
12

76
81

**
*

P7
5

0.
87

34
07

**
*

0.
37

31
24

8
0.

41
74

96
8*

0.
09

57
47

**
*

P8
0

0.
67

70
11

**
*

0.
60

25
81

7*
**

0.
61

91
06

3*
**

0.
08

53
43

**
P9

0
0.

19
57

26
**

0.
12

35
91

7
0.

62
64

90
1*

**
0.

04
33

83
Ov

er
al

l U
QT

E 
(%

)
80

60
43

5
So

ur
ce

: A
ut

ho
r’s

 co
m

pu
ta

tio
n 

us
in

g A
TA

AS
 d

at
a 

(2
01

3)
. P

ro
du

ct
ivi

ty 
va

ria
bl

e t
ra

ns
fo

rm
ed

 in
to

 n
at

ur
al

 lo
ga

rit
hm

.



32

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

Ap
pe

nd
ix 

VI
: U

CQ
TE

 w
ith

 st
an

da
rd

iz
ed

 va
lu

es
 o

f t
he

 o
ut

co
m

e 
va

ria
bl

e 
(p

ro
du

ct
iv

ity
)

Pe
rc

en
til

e
Fu

ll P
ac

ka
ge

(F
er

til
ize

r +
 Im

pr
ov

ed
 se

ed
 +

 E
xte

ns
ion

)
Pa

rti
al

 in
te

rv
en

tio
n

 (F
er

til
ize

r +
 Im

pr
ov

ed
 se

ed
)

Si
ng

le 
in

te
rv

en
tio

n
(F

er
til

ize
r -

 in
or

ga
ni

c)
Si

ng
le 

in
te

rv
en

tio
n

(Im
pr

ov
ed

 se
ed

)

P1
0

0.
00

14
51

6
0.

01
59

76
6

-0
.0

02
49

87
-0

.0
03

21
73

P2
0

-
0.

02
55

21
2

-0
.0

03
24

86
-0

.0
04

25
27

*
P3

0
-

0.
00

16
73

5
0.

02
31

40
8

-0
.0

08
04

8*
**

P4
0

0.
05

85
73

3
-0

.0
31

05
32

0.
02

84
49

9
-0

.0
04

65
24

P5
0

0.
26

57
11

5
-0

.0
04

18
38

0.
07

53
08

5*
0.

01
28

38
P6

0
0.

81
99

03
7*

**
0.

07
92

83
1

0.
14

78
27

9*
*

0.
04

09
08

4*
**

P7
0

0.
73

51
54

8*
**

0.
20

22
17

4
0.

19
68

48
1*

**
0.

06
10

83
6*

**
P7

5
0.

67
23

97
7*

**
0.

62
47

02
3*

**
0.

27
44

57
8

0.
05

22
13

9*
**

P8
0

0.
56

78
02

5*
**

0.
52

24
77

9*
**

0.
55

03
79

9*
**

0.
05

66
77

1*
P9

0
0.

20
52

05
9*

**
0.

13
42

07
9*

*
0.

96
64

59
6*

**
0.

04
90

10
3*

*
Ov

er
al

l U
QT

E 
(%

)
60

43
39

4
So

ur
ce

: A
ut

ho
r’s

 co
m

pu
ta

tio
n 

us
in

g A
TA

AS
 d

at
a 

(2
01

3)
. P

ro
du

ct
ivi

ty 
va

ria
bl

e s
ta

nd
ar

di
ze

d 
us

in
g z

-s
co

re
s.



33

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

EPRC RESEARCH SERIES

Listing of Research Series published since 2010 to date. Full text format of these and earlier papers can be 

downloaded from the EPRC website at www.eprc.or.ug

Series No. Author(s) Title Date

149 Corti Paul LAKUMA Income Tax Evasion in Uganda June 2019

148 Corti Paul LAKUMA
Attracting Investments using Tax Incentives in 
Uganda: The Effective Tax Rates

April 2019

147
Tonny Odokonyero 
Gemma Ahaibwe

Financing Indoor Residual Spraying for Malaria 
prevention in Uganda: Options for cost 
minimization

March 2019

146
Sserunjogi Brian 
Paul Corti Lakuma

Court Actions and Boosting Domestic Revenue 
Mobilization in Uganda

March 2019

145
Corti Paul Lakuma
Brian Sserunjogi

The Value Added Tax (VAT) Gap Analysis for 
Uganda

October 2018

144
The Distributional Impacts 
of Fiscal Consolidation in 
Uganda

Corti Paul Lakuma
Joseph Mawejje
Musa Mayanja Lwanga
Ezra Munyambonera

June 2018

143

Ezra Munyambonera
Miriam Katunze
Martin Luther Munu
Brian Sserunjogi

Expanding the Pension Sector in Uganda May 2018

142
Martin Luther Munu
Isaac Shinyekwa

Outcomes of the Nairobi WTO 10th Ministerial 
Conference: 
Implications for the EAC Cotton Sector 
Development

May 2018

141
Musa M. Lwanga
Ezra F. Munyambonera
Madina Guloba

Effectiveness of the Public Payroll 
Decentralisation Reforms in Uganda

April 2018

140

Musa Mayanja Lwanga 
Corti Paul Lakuma
Brian Sserunjogi
Isaac Shinyekwa

Boosting Domestic Revenue Mobilisation In 
Uganda

April 2018

139
Isaac M.B. Shinyekwa
Anita Ntale

The Role of Economic Infrastructure in 
Promoting Exports of Manufactured Products: 
Trade Facilitation and industrialisation in the 
EAC

September 
2017



34

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

Series No. Author(s) Title Date

138
Swaibu Mbowa
Tonny Odokonyero
Anthony T Munyaho

Harnessing Floating Cage Technology to 
Increase Fish Production in Uganda

July 2017

137

Miriam Katunze
Annette Kuteesa
Theresa Mijubi
Denis Mahebe

Uganda Warehousing Receipt System: Improving 
Market Competitiveness and Service Delivery

June 2017

136

Tonny Odokonyero
Francis Mwesigye
Annet Adong
Swaibu Mbowa

Universal health coverage in Uganda: The 
critical health infrastructure, healthcare 
coverage and equity

June 2017

135
Joseph MAWEJJE
Paul C. E. LAKUMA

Macroeconomic Effects of Mobile Money in 
Uganda

June 2017

134
Madina Guloba
Sarah Ssewanyana
Elizabeth Birabwa

Rural Women Entrepreneurship in Uganda
A synthesis report on policies, evidence, and 
stakeholders

May 2017

133
Madina Guloba
Sarah Ssewanyana
Elizabeth Birabwa

A pathway to social protection development in 
Uganda: A synthesis report

May 2017

132
Isaac M.B. Shinyekwa
Francis M. Mwaura
Patrick Apecu

A comparative Analysis of the Tourism Sectors 
in the East African Community: The Way 
Forward for Uganda

April 2017

131
Corti Paul Lakuma
Musa Mayanja Lwanga

Linking budgets to plans in a constrained 
resource and institutional environment: 
The Case of Uganda

March 2017

130
Joseph Mawejje 
Ezra Munyambonera

Financing Infrastructure Development in Uganda February 2017

129
Isaac M.B. Shinyekwa,
Miriam Katunze

Assessment of the Effect of the EAC Common 
External Tariff Sensitive Products List on the 
Performance of Domestic Industries, Welfare, 
Trade and Revenue

September 
2016

128
Isaac M.B. Shinyekwa 
Alex Thomas IJJO

Determinants of Domestic Food Price 
Differentials in Uganda: 
The Potential for and Constraints on Intra-
County Trade

August 2016

127
Musa Mayanja Lwanga
Annet Adong

A Pathway to Financial Inclusion: Mobile Money 
and Individual Savings in Uganda

March 2016



35

POTENTIAL PRODUCTIVITY AND ECONOMIC OUTCOMES FROM ADOPTING BOTH AGRICULTURAL TECHNOLOGY AND EXTENSION

RESEARCH SERIES NO. 151

Series No. Author(s) Title Date

126

Gemma Ahaibwe
Corti Paul Lakuma
Miriam Katunze
Joseph Mawejje

Socio Economic Effects of Gambling: 
Evidence from Kampala City, Uganda

January 2016

125 Joseph Mawejje
Ezra Francis Munyambonera

Tax Revenue Effects of Sectoral Growth and 
Public Expenditure in Uganda

January 2016

124

Tilak Doshi 
Fred Joutz
Paul Lakuma
Musa Mayanja Lwanga 
Baltasar Manzano

The Challenges of Macroeconomic Management 
of Natural Resource Revenues in Developing 
Countries: The Case of Uganda

October 2015

123 Ssewanyana N. Sarah
Ibrahim Kasirye

Progressivity or Regressivity in Uganda’s Tax 
System: Implications for the FY2014/15 tax 
proposals

June 2015

122 Gemma Ahaibwe
Ibrahim Kasirye 

Creating Youth Employment through 
Entrepreneurship Financing:
The Uganda Youth Venture Capital Fund

May 2015

121 Ezra Munyambonera 
Musa Mayanja Lwanga

A Review of Uganda’s Public Finance Management 
Reforms (2012 to 2014): 
Are the Reforms Yielding the Expected Outcomes?

April 2015

120 Joseph Mawejje
Musa Mayanja Lwanga

Inflation Dynamics and Agricultural Supply Shocks 
in Uganda March 2015

119
Munyambonera F. Ezra,
Corti Paul Lakuma,
Madina Guloba

Uganda’s Tea Sub-sector: A comparative Review of 
Trends, Challenges and Coordination Failures September 2014

118 Sarah N. Ssewanyana and
Ibrahim Kasirye

Uganda’s progress towards poverty reduction 
during the last decade 2002/3-2012/13: Is the 
gap between leading and lagging areas widening or 
narrowing?

June 2014

117 Mayanja Lwanga Musa and 
Mawejje Joseph

Macroeconomic Effects of Budget Deficits in 
Uganda: A VAR-VECM Approach June 2014

116 Adong Annet, Muhumuza Tony 
and Mbowa Swaibu

Smallholder Food Crop Commercialization in 
Uganda: Panel Survey Evidence June 2014

115 Barungi Mildred, Wokadala 
James and Kasirye Ibrahim

Implementing Universal Secondary Education Policy 
In Uganda: How Has The Public-Private Partnership 
Performed?

May 2014

114 Mwaura Francis, Okoboi Geofrey 
and Ahaibwe Gemma

Determinants of Household’s Choice of Cooking 
Energy in Uganda April 2014

113 Mawejje Joseph Tax Evasion, Informality And The Business 
Environment In Uganda December 2013



Series No. Author(s) Title Date

112 Shinyekwa Isaac & Othieno 
Lawrence

Trade Creation And Diversion Effects Of The East 
African Community Regional Trade Agreement: A 
Gravity Model Analysis. 

December 2013

111 Mawejje Joseph & Bategeka 
Lawrence

Accelerating Growth And Maintaining 
Intergenerational Equity Using Oil Resources In 
Uganda.

December 2013

110 Bategeka Lawrence et ; UN 
Wider

Overcoming The Limits Of Institutional Reforms In 
Uganda September 2013

109
Munyambonera Ezra Nampewo 
Dorothy , Adong Annet & 
Mayanja Lwanga Musa

Access And Use Of Credit In Uganda: Unlocking The 
Dilemma Of Financing Small Holder Farmers. June 2013

108 Ahaibwe Gemma & Kasirye 
Ibrahim

HIV/AIDS Prevention Interventions In Uganda: A 
Policy Simulation. June 2013

107 Barungi Mildred & Kasirye 
Ibrahim

Improving Girl’s Access To Secondary Schooling 
A Policy Simulation For Uganda June 2013

106
Ahaibwe Gemma, Mbowa 
Swaibu & Mayanja Lwanga 
Musa

Youth Engagement In Agriculture In Uganda: 
Challenges And Prospects. June 2013

105 Shinyekwa Isaac & Mawejje 
Joseph

Macroeconomic And Sectoral Effects Of The EAC 
Regional Integration On Uganda: A Recursive 
Computable General Equilibrium Analysis.

May 2013

104 Shinyekwa Isaac Economic And Social Upgrading In The Mobile 
Telecommunications Industry: The Case Of MTN. May 2013









51, Pool Road, Makerere University Campus, 
P. O. Box 7841 Kampala, Uganda 

Tel: +256414541023/4 Fax: +256414541022 
Email: eprc@eprcug.org,

www.eprcug.org TWITTER:@EPRC_official www.facebook.com/EPRCUganda eprcug.org/blog


