Developing Country Studies www.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) J'H.i.!
Vol.4, No.23, 2014 IIS E

Does Adoption of Improved Maize Varieties Enhance Household
Food Security in Maize growing Zones of Eastern Kenya?

James Oumalz*, Eric Bett® and Patrick Mbataru®
1. Kenya Agricultural Livestock Research Organization, Food Crops Research Institute,
P.O. Box 27 - 60100 Embu.

2. Department of Agribusiness and Trade, School of Agriculture and Enterprise Development, Kenyatta
University, P.O.Box 43844-00100, Nairobi

*Corresponding Author: Email: j_okuro@yahoo.co.uk
Abstract

The paper evaluates the effect of intensity of adoption of improved maize varieties on household food security
measured by per capita consumption expenditure, per capita maize consumption and farmer’s assessment. Three
hundred and fourteen households were interviewed in the moist transitional zones of Embu, Meru South and
Imenti South sub-counties in Kenya in September and October 2013. Intensity of adoption of improved maize
varieties varies continuously and this feature allows estimation of the dose response function. The dose response
function was estimated using generalized propensity score useful for analyzing causal effects of continuous
treatments. The results indicated an increasing dose response function between intensity of adoption and per
capita food consumption expenditure. The food consumption expenditure increased from KES 76 at 0.04 area
share of improved maize varieties to KES 237 at 1 area share. Per capita maize consumption increased from 77
kg at 0.04 to 104 kg at 0.20 area shares of improved maize varieties but assumed diminishing return after 0.20
area shares. Likewise, the probability of food security increased from 58% at about 0.05 acres to 79 % at 1.4
adoption level. After 0.05 area share, the probability of food security decreased. Policies that increase maize
productivity and ease farmer’s adoption constraints can enhance food security of households.
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1. Introduction

Maize (Zea mays L) is an important food security crop in Kenya (Short et al., 2012; Keya & Rubaihayo, 2013).
It accounts for 42 % of the dietary energy intake (FAO, 2012; Keya & Rubaihayo, 2013), 32 % of total protein
consumption and 68 % of the daily per capita cereal consumption (FAO, 2012). The average annual land area
under maize currently is 1.6 million hectares. Almost 3.5 million farmers are engaged in maize production,
where smallholder farmers and large scale farmers account for 75 % and 25 % of the of the maize production
(Tegemeo, 2013). Despite its importance in food security, Kenya faces deficits in maize production (Short et al.,
2012). Maize consumption outstrips production in most of the years posing a serious food security challenge in
the country as shown in Figure 5. On average, monthly maize consumption is estimated at about 3.5 million
bags (Keya & Rubaihayo, 2013). National average maize yields is estimated at 1.8 t/hectare compared to
potential yield of over 6 t/hectare (FAOSTAT, 2010). Given the low rate of growth in maize production and the
growing demand, the country’s import bill has risen in the recent years (Kirimi et al., 2011; Short et al., 2012).
Excluding unrecorded backyard localized importations, Kenya on average imports slightly above 3 million
kilograms of maize mainly from Uganda and Tanzania (Short et al., 2012) . This pattern is expected to prevail in
the future unless reforms are taken to ensure productivity growth.

In the moist transitional zone of Embu, Meru South and Imenti South sub-counties where maize is an important
economic and subsistence activity, maize yields are low and production is not able to match consumption.
Current maize harvests are not able to last till the next cropping season posing serious food security threats to
most of the households (Ouma & DeGroote, 2011). Given that maize production is already operating at its land
frontier with limited scope to increase supply of land to meet the growing demand for maize, future increases in
maize production will depend on increasing yield per ha through the use of improved maize varieties and better
agronomic and cultural practices (Keya & Rubaihayo, 2013).
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Figure 5. Maize production and consumption trends (2003-2013)
Source: Economic Review of Agriculture (2003-2013)

Among the many initiatives in increasing the productivity of maize, the development of improved maize
varieties and management practices have been the most profound. Maize seed embodies the genetic trait and
exerts a limit to the gains in productivity through the complementary use of fertilizer, pesticides and
management techniques (Bola et al., 2012). Currently, there are over 164 registered maize varieties in Kenya and
many more are being developed and released with the aim of increasing productivity (Olaf et al., 2011). Past
adoption studies shows impressive adoption levels. In the moist transitional zone of Eastern Kenya, where maize
is an important economic and subsistence activity about 75 % of the farmers grow improved maize varieties with
fertilizer (Ouma & DeGroote, 2011). Earlier studies have focused on understanding determinants of adoption of
improved maize varieties with limited focus on the impact of adoption of improved maize varieties on
livelihood, particularly food security. Rigorous impact assessment is important for informed and evidence based
policy making such as to develop and implement appropriate support policy measures for improving targeting,
access and use of modern varieties. Most of the studies on the impact of adoption of improved maize varieties on
livelihoods have used propensity score matching which is confined to binary treatment. The focus therefore has
been on the comparison of adopters and nonadopters of improved maize without distinguishing among adopters
of improved maize varieties based on how much land they allocate to improved maize varieties. Therefore, the
objective of this paper is to estimate the heterogeneities in adoption of improved maize variety on household
food security in maize growing areas of Embu, Meru South and Imenti South sub-counties. Such analysis
provides more information on the effectiveness of promotion of improved maize varieties and might help policy
makers in an effective allocation of public resources.

2. Methodology
2.1 Description of the study area

The moist transitional zone is the main maize growing areas in Eastern Kenya (Figure 2). The zone lies at an
altitude of 1500 meters above sea level, annual mean temperature is 20°C and annual rainfall varies from 1000 to
1,400 mm. The rainfall pattern is bimodal (Jaetzold & Schmidt, 1983). It is characterized by complex farming
systems with the production of cash and food crops and livestock. The principal sources of income are tea, and
dairy. Macadamia (Macadamia tetraphylla) is also currently a major cash crop and has replaced coffee because
of its poor performance. Miraa (Catha edulis) is also considered an important cash crop, particularly in parts of
Embu sub-county. Maize is the main food crop and there is a perception in the region that a family without
maize grain is food insecure.
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Figure 6. Geographical location of the study area
2.2 Sampling, data collection and analysis

Embu, Meru South and Imenti South sub-counties were selected among the many sub-counties in moist
transitional zone based on their maize—legume production potential. Multi stage sampling was employed to
select lower levels sampling clusters: divisions, locations, sub-locations and villages. Determination of sample
size followed proportionate to size sampling approach (Groebner & Shannon, 2005) and is specified as follows:

(z°PQ)
n=—0r:
Where, ‘n’ is the sample size ‘z’ = 1.96, P’ is the proportion of smallholder farmers growing improved maize
varieties in Embu, Meru South and Imenti South sub-counties. Based on adoption rates of 70 % (Ouma &
DeGroote, 2011), P was set at 0.70. The variable‘d’ is the significance level and was set at 5%. This also led to
a ‘z’ value of 1.96. Variable ‘Q’ is the weighting variable and is computed as 1-P. Therefore, based on the above
proportionate to size sampling formulae, the sample size proposed was: [1.962 x 0.7 x 0.3] / [0.052] = 323. Data
was collected through face to face interviews and analysis was done in STATA 13 based on 314 households.

2.3 Econometric framework and estimation strategy

Experimental data are rare in social sciences which rely on survey data. The absence of experimental data makes
non-experimental techniques popular in estimation of average treatment effect in observational studies (Imai &
vanDyk, 2004; Bia & Mattei, 2008; Caliendo & Kopeinig, 2008). The challenge therefore is to establish
treatment effect that is non-random.  Non-randomization implies that groups with different levels of the
treatment variable can systematically differ in observed and unobserved characteristics other than the treatment.
Since these attributes may be correlated with food security, ascertaining the causal effect of the treatment may be
problematic. It is under this situation that matching approaches have become popular in program evaluation.
Among the matching approaches, propensity score matching (Rosenbaum & Rubin, 1985) are the most widely
used in empirical research (Mendola, 2007; Caliendo & Kopeinig, 2008; Owuor, 2008; Becerril & Abdulai,
2010; Kassie et al., 2011; Amare et al., 2012; Asfaw et al., 2012; Nabasirye et al., 2012). In these studies the
focus has been on the comparison of adopters and nonadopters without distinguishing among users of technology
based on the extent of use. However, sometimes the treatment may not be binary or categorical requiring a
different application. Recently several extensions of the propensity score have been developed and applied
(Joffe & Rosenbaum, 1999; Imbens, 2000; Lechner, 2001; Lu et al., 2001). Imbens (2000) and Lechner (2001)
extended the propensity score to incorporate categorical treatment variable. Joffee and Rosenbaun (1999) and Lu
et al., (2001) developed and applied the method based on scalar “balancing Score”. Recent work (Hirano &
Imbens, 2004; Kluve et al., 2007; Bia & Mattei, 2008; Kassie et al., 2014; Shiferaw et al., 2014) have extended
propensity score in analyzing the causal effects with continuous treatments using generalized propensity Score.
This paper recognizes the importance of GPS and uses it to estimate the dose response relating intensity of
adoption and household food security. Household food security was measured by per capita food consumption
expenditure, per capita maize consumption and farmer’s subjective indicators. Given a random sample of
individuals, denoted by I, where i =1... N. Suppose Yi (t) is the potential household food security outcome for
individual i under treatment level t, t € T" where I is an interval (t0, t1), and t denotes the proportion of maize
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area under improved maize varieties. In this study, recall that improved maize varieties refers to purchased maize
hybrids or composites in the planting season 2012/2013. For each i there exist a set of potential food security
outcomes {Y (t);} t € I referred to as the individual level dose-response function. The concern is the
identification of the curve of average potential outcomes- entire average dose—response function, p (t) =E [Y;(t)],
which denotes the function of the average potential food-security outcomes over all possible treatment levels. In
this paper Yi (t) refers to the food-security indicator for adopters of improved maize varieties. The observed
variables for each unit i are a vector of covariates X; (gender, age, education, consumer/worker ratio, experience
in farming, distance to extension office and input market, membership in farmers group, remittances, salary, seed
availability, maize/legume intercropping) the level of the treatment received (proportion of maize area under
improved maize varieties), T;€ (ty, t;), and the potential outcome corresponding to the level of the treatment
received, Y;=Y; (T;). The focus is on average dose-response and marginal treatment functions for households
who adopted improved maize varieties. Farmers who did not invest in improved maize varieties (untreated’
households) are not included in the analysis. Like the binary treatment analysis, the key identifying assumption
in estimating the dose—response function is the assumption of selection on observables, where the treatment
assignment mechanism is independent of each potential outcome conditional on the covariates: Y;(t) LT;IX; for all
tel. Under assumption of selection on observables, the average dose-response function can be obtained by
estimating average outcomes in subpopulations defined by covariates and different levels of treatment.

Suppose that r(t,x)=f 1x (tIx) is the conditional density of the treatment given the covariates, the GPS is defined
as Ri= r(T;,X;). Hirano and Imbens (2004) demonstrated that that GPS is a balancing score in the sense that,
within strata with the same value of X:X11{T=1}Ir(t,X), the probability that T =t for a given individual does not
depend on the value of X:X11{T= t}Ir(t,X), and showed that if the treatment assignment mechanism is weakly
unconfounded given the covariates, then it is also weakly unconfounded given the GPS: Y;(t)LT;lr(t,X;) for all
t€l. In this respect GPS is appropriate for balancing the differences in the observed covariates. Hirano and
Imbens (2004) further demonstrated that if assignment to the treatment is weakly unconfounded given pre-
treatment variables X, then B(t,r) = E[Y;(t)lr(t,X;)] = E[Y;IT ;= t,Ri=r]; and p(t) = E[B(t,r)(t,X;))]. This result
suggests that the dose-response function at a particular treatment level t can be estimated by using a partial mean
approach in three steps:

In the first step, the lognormal distribution of the level of adoption of improved maize varieties (T;) given the
covariates is estimated as:

INT)/ X =N(By+BX,,0° e equation 1

The parameters ﬂo , ,Bi and o are estimated using maximum likelihood. The GPS ascertains that differences
in covariates do not exist across treatment groups based on different areas allocated to improved maize varieties.
Accordingly, the observed difference in food security outcomes is attributable to different areas allocated to
improved maize varieties. The GPS was estimated based on the parameters estimates as follows:

R | ! 2 Ay equation 2
R = exp(— In(T) — —BX )2 eeeeeeesesiiiiiaen qua 10n
s p( 27[&2( T)-py-BX))

In the second step the conditional expectation of food security as a function of intensity of improved maize
varieties (T;) and estimated GPS (R) is estimated. Hirano and Imbens (2004) pointed that the conditional
expectation of the food security outcome can be estimated as a flexible function of treatment level and estimated
GPS, which might also involve some interactions between the two. This study used the quadratic
approximation:
B.r)=g(Y,/T,RD=,+aT + R +aT’ +a,R +xTR,....... equation 3

Where, g is a link function, which depends on the nature of the food security outcome. In the study, linear
regression models were used where the food security outcome was measured as a continuous variable: per capita
expenditure on food and per capita maize consumption and probit regression for binary food security outcome.
Finally, the average dose-response function at a particular value of the treatment t was estimated averaging the
(estimated) conditional expectation B(t, r) over the GPS at that level of the treatment as:

1 _ _ _ _ _ _ _ .
u(t) = E(Y,(1) = NZ:Lg_I(O{O va a1 @ P X)) +a, (LX) ag R, X)) -+ -equation 4

The entire dose-response function can then obtained by estimating this average potential outcome for each level
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of area of maize allocated to improved maize varieties. The average dose—response function shows how the
magnitude and the nature of the causal relationship between the area allocated to improved maize varieties and
the food security outcome vary according to the values of the treatment variable, after controlling for covariate
biases. Marginal treatment effect function, on the other hand shows the marginal effects of varying the area
under improved maize varieties by given unit on the food security outcome

3. Results and discussions
3.1 Impact of intensity of adoption on food security

Covariate balance using GPS (Table 1) improved the balance as shown by the reduced number of t-values above
1.8. Figures 3, 4 and 5 depict the dose response relating intensity of adoption, per capita food expenditure, per
capita maize consumption and probability of food security. The dose response function suggests that there exists
a positive relationship between intensity of adoption of improved maize varieties and per capita food
consumption expenditure (Figure 3). The average food consumption expenditure increases from KES 76 at 0.04
area share of improved maize varieties to KES 237 at 1 area share of improved maize varieties. The marginal
treatment effects corresponding to per capita food consumption expenditure was positive and showed that an
increase of one unit under improved maize varieties increased per capita food consumption expenditure from
KES 184 at 0.04 to KES 1089 at 1 area share under improved maize varieties. The relationship between intensity
of adoption of improved maize varieties and per capita maize consumption (Figure 4) showed an initial increase
in per capita maize consumption from 77 kg at 0.04 area share to 104 kg at 0.20 area share. Per capita maize
consumption assumed diminishing marginal return after 0.20 area share under improved maize varieties which
implies that additional unit of area under improved maize varieties does not contribute to treatment effect. This
suggests that households growing improved maize varieties can be able to satisfy the food security needs at
lower units of land and devote the other land area to production of other crops. Finally, intensity of adoption of
improved maize varieties and probability of food security showed a similar pattern with per capita maize
consumption. Probability of food security increased in the initial stages (Figure 5) and thereafter assumed
diminishing marginal return at 1.4 acres. The probability of food security increased from 58% at about 0.05 acres
under improved maize varieties to 79 % at 1.4 adoption level. Per capita food expenditure was found to increase
with intensity of adoption in Tanzania (Kassie et al., 2014). Per capita maize consumption was not included in
the analysis in this study. Shiferaw et al (2013) focusing on the effects of intensity of adoption of improved
wheat varieties showed that per food consumption expenditure increased up to a certain level of wheat area and
assumed diminishing returns. While the study by Kassie et al (2014), established increasing probability of food
security with increased intensity of adoption, we found that probability of food security increased initially and
then attained diminishing returns. Other authors (Bezu et al., 2014; Magrinia & Mauro, 2014) have also
reported positive effects of adoption of improved maize varieties on food security. Magrinia and Mauro (2014)
reported positive association between adoption of improved maize varieties, food availability, access, stability
and utilization.

4. Conclusion

The objective of the study was to establish the effects of adoption of improved maize varieties on household
food security in the moist transitional zone of Eastern Kenya using cross sectional survey data collected from
314 households. The study established that intensity of adoption of improved maize varieties improves per
capita food consumption expenditure through increased productivity and income. Per capita maize consumption
and probability of food security increases initially with intensity of adoption and assumes diminishing marginal
return. This implies that households are able to meet their food security needs at lower levels of improved
maize varieties suggesting that part of their land can be used for production of other crops. Policies aimed at
enhancing maize productivity and adoption of modern maize varieties should be central to food security
strategies. Future analysis using panel data could check the presence of unobservable heterogeneity sources and
analyse the robustness of the results with respect to the underlying identifying assumptions through appropriate
sensitivity analysis. The study could also be extended by implementing a non-parametric specification of the
GPS for comparison with the parametric approach.
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Table 2. Covariate balancing for generalized propensity score matching

Covariates Data before adjustment by GPS Data adjusted by GPS
[0.04,0.1 [0.14,0.19 [0.20,0.27  [0.27,1.00 [0.04,0.14 [0.14,0.19 [0.20,0.27  [0.27,1.00
1 1 1 1 1 1 1 1
Seed availability -1.08 0.66 -0.54 -0.35 -1.04 1.35 -0.57 0.03
Consumer worker ratio -1.12 1.51 0.52 -0.77 -1.01 1.49 0.42 -0.86
Maize grain price 0.35 -0.96 -0.03 0.15 0.01 -0.73 -0.05 0.29
Maize seed price 0.21 0.61 0.07 -1.51 0.57 0.51 0.02 -1.11
Gender -0.41 0.32 1.21 -0.97 -1.00 -0.08 1.26 -0.53
Experience farming -1.12 -0.85 2.24 -0.49 -1.39 -0.28 1.74 -0.13
Household size -0.53 -0.94 1.02 -0.97 -0.70 -1.29 1.27 -1.48
education -0.33 -0.46 1.53 0.49 -1.57 -1.19 1.69 0.74
Salary -0.12 -0.82 -0.58 0.98 0.11 -1.05 -0.14 1.20
Remittances -0.37 0.77 0.48 -0.08 -1.00 1.05 0.83 -0.21
Livestock (TLU) -0.44 -2.77 1.35 1.42 -0.96 -2.39 1.48 1.26
Fertilizer use -0.72 0.82 0.05 0.39 -0.71 0.73 -0.26 0.68
Manure use -0.19 -1.46 -0.81 1.49 0.13 -0.63 -0.67 0.22
Intercropping 0.84 1.51 1.18 -4.08 0.57 0.64 1.03 -1.64
Log of Legumes area 1.84 -2.23 -0.14 0.53 2.04 -2.42 -0.25 0.24
Log of crop area -1.89 -2.12 1.98 1.61 -2.53 -1.72 2.33 1.10
Group membership 0.50 1.02 0.40 -0.35 -0.24 0.93 0.12 -0.42
Extension visit -0.37 -1.42 0.98 1.16 -0.38 -0.93 0.69 0.42
Confidence extension 0.67 0.93 -0.62 0.71 0.50 0.92 -0.38 0.60
Mobile phone -0.01 0.55 -0.56 0.31 -0.40 0.30 -0.28 0.33
Radio 091 0.03 0.13 -0.90 0.44 -0.27 0.26 -0.57
Distance to extension
office 1.07 -1.36 -0.66 0.08 0.98 -0.71 -0.75 -0.36
Distance to input market 0.80 -0.60 -0.73 0.49 0.60 -0.22 -0.46 0.68
Log of value of
production -0.91 -1.56 1.69 0.22 -1.22 -1.47 1.98 0.24
Embu -0.53 0.55 2.05 -1.74 -0.53 0.40 1.81 -1.56
Meru south 1.39 -0.18 -2.48 1.49 2.16 0.34 -2.52 1.28
8 |
! S
o '
3 p
g o /! y .
5 %] § &
B K B P
£ £ .
L L
£ £
s S ©-
§' A T T T T ‘T % A

2 4 6 8
Improved maize varieties (acres)
— Dose Response --- Lowbound

=== Upper bound

2 4 6 8
Improved maize varieties (acres)
— Treatment Effect --- Lowbound

=== Upper bound

Figure 7. Dose response function and marginal treatment effect function and per capita food consumption

expenditure

162



Developing Country Studies
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online)
Vol.4, No.23, 2014

WWwWw.iiste.org
miy

IISTE

150 200
1 1

Per capita maize consumption (kg)
100
1

T T T T T T
0 2 4 .6 8 1
Area under improved maize varieties (acres)

—— Dose Response --- Lowbound

Upper bound

Figure 8.
lna
(@
2
s
£
3
Q
3
5
2
s
T
o

T T

w -

0 1 2 4
Area under improved maize varieties (acre)

Per capita maize consumption (kg)

1000
1

500
1

-500

-1000

Probaility of food secuirty (%)

T T T T

0 2 4 6 8 1

Area under improved maize varieties (acres)
— Treatment Effect --- Lowbound

=== Upper bound

Dose response function and marginal treatment effect function and per capita maize consumption

0 1 2 8 4
Improved maize varieties area (acre)

Figure 9. Dose response function and marginal treatment effect function and probability of food security

References

Amare, M., Asfaw, S., & Shiferaw, B. (2012). Welfare impacts of maize-Pigeonpea intensification in Tanzania.

Agricultural Economics, 43(1): 1-17.

Asfaw, S., Shiferaw, B., Simtowe, F., & Lipper, L. (2012). Impact of modern agricultural technologies on
smallholder welfare: Evidence from Tanzania and Ethiopia. Food Policy, 37: 283-295.

Becerril, J., & Abdulai, A. (2010). The impact of improved maize varieties on poverty in Mexico: A propensity
score matching approach. World Development, 38(7), 1024-1035.

Bezu, S., Kassie, G. T., Shiferaw, B., & Ricker-Gilbert, J. (2014). Impact of Improved Maize Adoption on
Welfare of Farm Households in Malawi: A Panel Data Analysis. World Development, 59: 120-131.

163



Developing Country Studies www.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) J'H.i.!
Vol.4, No.23, 2014 IIS E

Bia, M., & Mattei, A. (2008). A Stata package for the estimation of the dose-response function through
adjustment for the generalized propensity score. The Stata Journal (2008) 8, Number 3, pp. 354-373.

Bola, A. A., Diagne, A., & Omonona, B. T. (2012). Impact of Improved Agricultural Technology Adoption on
Sustainable Rice Productivity and Rural Farmers” Welfare in Nigeria: A Local Average Treatment Effect (LATE)
Technique.

Caliendo, M., & Kopeinig, S. (2008). Some practical guidance for the implementation of propensity score
matching. Journal of Economic Surveys, 22(1), 31-72.

FAO. (2012). Food Security Statistics. Rome, Italy: FAO, 2010 http://www.fao.org/economic/ess/food-security-
statistics/en/ (accessed 20th December 2012).

FAOSTAT. (2010). Food Security Statistics. Rome, Italy: FAO, http: //www.fao.org/statistics/en/ (accessed
January 25, 2014).

.Groebner, D. F,, & Shannon, P. W. (2005). Business Statistics. A decision Making Approach. Pentice Hall.

Hirano, K., & Imbens, G. W. (2004). The Propensity Score with Continuous Treatments, in: A. Gelman and X.
Meng (Eds.), Applied Bayesian Modeling and Causal Inference from Incomplete-Data Perspectives, Wiley.

Imai, K., & vanDyk, D. A. (2004). , "Causal Inference with General Treatment Regimes:

Generalizing the Propensity Score", Journal of the American Statistical Association 99, 854-
866.

Imbens, G. W. (2000). The Role of the Propensity Score in Estimating Dose-Response Functions. Biometrika,
87, 706-710.

Jaetzold, R., & Schmidt, H. (1983). Farm Management Handbook: Natural and Farm Management Information
Vol.II/B. Nairobi: Ministry of Agriculture and Livestock Development and GTZ. .

Joffe, M. M., & Rosenbaum, P. R. (1999). Invited commentary: Propensity scores. American Journal of
Epidemiology, 150, 327-333, (1999).

Kassie, M., Jaleta, M., & Mattei, A. (2014). Evaluating the impact of improved maize varieties on food security
in Rural Tanzania: Evidence from a continuous treatment approach. Food Sec.DOI 10.1007/s12571-014-0332-x.

Kassie, M., Shiferaw, B., & Muricho, G. (2011). Agricultural Technology, Crop Income, and Poverty Alleviation
in Uganda,. World Development (2011), doi:10.1016/j.worlddev.2011.04.023.

Keya, S., & Rubaihayo, P. (2013). Progress in On-Farm Production and Productivity in the East African
Community: 50 Years after Independence, International Symposium on Agriculture: EAC partner states at 50
years 5-7 November, 2013, Kilimo Trust Technical Paper No.8.

Kirimi, L., Sitko, N., Jayne, T., Karin, F., Muyanga, M., Sheahan, M., et al. (2011). A Farm Gate-to-Consumer
Value Chain Analysis of Kenya’s Maize Marketing System. Tegemeo Working Paper, Tegemeo Institute,
Nairobi.

Kluve, J., Schneider, H., Uhlendorff, A., & Zhao, Z. (2007). Evaluating Continuous Training Programs Using the
Generalized Propensity Score. IZA Discussion Paper No. 3255.

Lechner, M. (2001). Identification and Estimation of Causal Effects ofMultiple Treatments under the Conditional
Independence Assumption. In Econometric Evaluations of Active Labor Market Policies in Europe (eds M.
Lechner and F. Pfeiffer), Heidelberg, Physica.

Lu, B., Zanutto, E., Hornik, R., & Rosembaum, P. (2001). Matching With Doses in an Observational Study of a
Media Campaign Against Drug Abuse. Journal of the American Statistical Association, textbf96, 1245-1253.

Magrinia, E., & Mauro, V. (2014). Technology adoption and the multiple dimensions of food security: the case of
maize in Tanzania, LICOS Centre for Institutions and Economic Performance, Discussion Paper Series
352/2014.

Mendola, M. (2007). Agricultural technology adoption and poverty reduction: A propensity-score matching
analysis for rural Bangladesh. Food Policy, 32(3), 372-393.

Nabasirye, M., Kiiza, B., & Omiat, G. (2012). Evaluating the Impact of Adoption of Improved Maize Varieties
on Yield in Uganda: A Propensity Score Matching Approach. Journal of Agricultural Science and Technology B
2 (2012) 368-3717.

Olaf, E., Kassie, G., & Mwangi, W. (2011). Challenges and opportunities for maize seed sector development in

164



Developing Country Studies www.iiste.org
ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) J'H.i.l
Vol.4, No.23, 2014 IIS E

eastern Africa,Paper presented at the conference: Increasing Agricultural Productivity & Enhancing Food
Security in Africa: New Challenges and Opportunities, 1-3 November 2011, Africa Hall, UNECA , Addis Ababa,
Ethiopia

Ouma, J., & DeGroote, H. (2011). Determinants of improved maize seed and fertilizer adoption in Kenya.
Journal of Development and Agricultural Economics,Vol. 3(11) 529-536.

Owuor, G. (2008). Evaluation of the Effects of Group-Credit Linkages on Smallholders Farmers Productivity
and Poverty Reduction in Nakuru and Kakamega Districts, Kenya. Unpublished Ph.D Thesis. Egerton
University.

Rosenbaum, P. R., & Rubin, D. B. (1983). The central role of the propensity score in observational studies for
causal effects. Biometrika, 70(1), 41-55.

Rosenbaum, P. R., & Rubin, D. B. (1985). Constructing a control group using multivariate matched sampling
methods that incorporate the propensity score. American Statistician, , 39(1), 33-38.

Shiferaw, B., Kassie, M., Moti, J., & Chilot, Y. (2014). Adoption of improved wheat varieties and impacts on
household food security in Ethiopia. Food Policy, 44(0), 272-284.

Short, C., Mulinge, W., & Witwer, M. (2012). Analysis of incentives and disincentives for maize in Kenya.
Technical notes series, MAFAP, FAO, Rome.

Tegemeo. (2013). Food Situation Assessment: October 2013, Technical Bulletin No. 1 October, 2013.

165



