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Assessment of impact of adoption of improved
cassava varieties on yields in Ghana: An
endogenous switching approach

Patricia Pinamang Acheampong®*, Monica Addison® and Camillus Abawiera Wongnaa®

Abstract: The paper assesses the potential impact of the adoption of improved
cassava varieties on yields of smallholder farmers. Agricultural intensification is
associated with increasing yields per hectare through the use of improved varieties.
Studies have established the relationship between adoption and yield, yet this
relationship is understudied in the cross-national literature. Using cross-sectional
data collected from a randomly selected sample of 1,176 farmers dispersed across
Ghana and employing an endogenous switching regression model, the causal
impact of improved variety adoption was estimated. Our results revealed that
adoption decisions were conditioned by age, extension access, extension visits,
awareness and farm size. Also, adoption had a significant positive impact on
cassava yields. Adopters had 18 t/ha increases in yields and non-adopters should
they have adopted had increases of 10 t/ha. Strategies to resource research
extension linkage system to promote and create awareness about the existing
improved cassava varieties for increased adoption are recommended.

Subjects: Agricultural economics; Applied economics; Research and development;

Agricultural and Food policy

Keywords: Adoption; awareness; dissemination; smallholder farmer; switching regression
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Cassava is a food crop that provides multiple
opportunities for poverty reduction and nourish-
ment for many Ghanaians. Production of the crop
in Ghana is mostly reliant on landraces developed
by generations of farmers using traditional
breeding techniques. Cassava yields relative to
potential yields remain low in Ghana reflecting
the influence of subsistence production systems.
The rapid increase in cassava production will cer-
tainly have significant implications on food
security, employment creation, living conditions
and economic growth. The research has revealed
the contribution of improved varieties to yield
improvement. Interventions to increase adoption
of improved cassava varieties by smallholder
farmers should be the focus.
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1. Introduction

One of the primary goals of Ghana’s agricultural development programs and policies is increasing
agricultural productivity for accelerated economic growth (Ministry of Food and Agriculture, 2018).
Predominantly, the majority of Ghanaians depend on agriculture for their livelihoods thus, the
agricultural sector has been recognized as important for driving economic growth, overcoming
poverty, and enhancing food security (Ministry of Food and Agriculture, 2010). The crop is of major
importance due to its consumption and income generation benefits for smallholder farmers and
other key stakeholders along the cassava value chain. The economic importance of cassava is due
in part to its good adaptation in marginal soils, but even more to a long and strongly held tradition
among Ghanaians for eating it. Per capita consumption of cassava is 153 kg (Ministry of Food and
Agriculture, 2019b), the highest among all staple foods. Because cassava has the potential to
provide multiple opportunities for poverty reduction and nourishment for poor people in Ghana,
lots of research efforts have gone into the development and dissemination of it for increased
production in order to meet increasing demand. As a result, 25 varieties of the crop had been
released over the years (Ministry of Food and Agriculture, 2019a). Cassava yields relative to
potential yields remain low in Ghana reflecting the influence of subsistence production systems.
Cassava yield in Ghana is 21 t/ha whilst potential yield is about 49 t/ha (Ministry of Food and
Agriculture, 2019b). The huge gap in yields is attributed mainly to the poor uptake of improved
cassava technologies (FAO, 2015). With variability in climatic conditions and associated effects on
agricultural production, increasing yield per unit area of smallholder farmers and creating rural off-
farm employment opportunities are necessary.

In order to increase food production and achieve the policy objectives of cassava crops, the
research emphasis has been on increased efficiency in production and adaptability to variable
production systems and environments (Nweke et al., 2002). The rapid increase in cassava produc-
tion will certainly have significant implications on food security, employment creation, living
conditions and economic growth. The first step to achieving food security is through the production
and supply of food staples to meet the demands of the population. Strategies found to increase
food security are on-farm food production and income diversification (Gladwin et al., 2001). Food
production strategies focus on how farmers can increase their production and this includes the use
of new varieties, new crops, agricultural intensification and agricultural extensification (Stout,
1990). Agricultural intensification is associated with increasing yields per hectare through the
use of external inputs such as fertilizers, improved varieties, whereas agricultural extensification
involves crops yield increase through land expansion (Stout, 1990) which is thought to be unsus-
tainable with increasing population. Several research findings (Asfaw et al.,, 2012; Donkor et al.,
2016; Mendola, 2007) have pointed to the fact that the use of new agricultural technology, such as
high-yielding varieties and improved agronomic practices could lead to a significant increase in
agricultural productivity. According to World Bank (2007), the transition from low productivity
subsistence agriculture to a high productivity agro-industrial economy depends on new agricul-
tural technologies. The agricultural productivity growth over the years would not be possible
without the development and dissemination of yield-increasing technologies (Irz et al., 2001).

New technology adoption is a significant source of productivity gains in various production
systems. Beyond the production system, the widespread adoption of new agricultural technology
will also have economic implications (Chandio et al., 2021; Tibamanya et al.,, 2021). Adoption of
improved agricultural production technologies has been reported to have positive impacts on
agricultural productivity growth in the developing world (Minten & Barrett, 2008; Nin et al,
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2003). Minten and Barrett (2008), for instance, found that in Madagascar communities with higher
rates of adoption of improved agricultural technologies have higher yields and lower levels of food
insecurity. According to Evenson and Gollin (2003), wide spread adoption of improved varieties of
wheat and rice led to major increases in yields and increases in food security in Asia. Estimating
the impact of cassava research for development approach on productivity, uptake and food
security in Malawi, Rusike et al. (2010) found a positive effect of area planted to improved cassava
varieties on cassava yields and household caloric intake. Studying adoption of improved cassava
varieties on household welfare in Nigeria, Omonona et al. (2006) found that non-adopters of
improved cassava varieties had lower yields and thus lower levels of food security.

Despite the evidence that adoption of improved cassava varieties has an association with yield,
the magnitude of the impact of adoption on yield, by controlling for the role of selection problem
on production and adoption decisions has received low attention. This paper addresses two
questions, viz. 1) what factors influence farmers’ decision to adopt improved cassava varieties?
and 2) what is the impact of adoption of improved cassava varieties on cassava yields. This study

Figure 1. Map of Ghana showing
the study area.
Source: Abbam et al. (2018).
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Table 1. Sampling frame for data collection

Regions Number of Selected number | Selected number | Selected sample
Cassava districts of districts of villages units
Ashanti 24 9 36 216
Brong Ahafo 21 6 24 144
Central 13 6 24 144
Eastern 26 8 32 192
Volta region ' 18 6 24 144
Western 22 4 16 96
Greater Accra 5 3 12 72
Northern ' 14 7 28 168
Upper West 11 5 20 120

reports on rich cross-sectional data collected on randomly selected individual farm owners. We
accounted for the differences in yields between adopters and non-adopters of improved cassava
variety due to unobserved heterogeneity by employing the endogenous switching regression
technique. Endogeneity in adoption decision (that is, heterogeneity in the decision to either
adopt or not adopt improved cassava variety as well as unobservable characteristics of farmers
and their farms) was accounted for by estimating simultaneous equations with endogenous
switching by the method of full information maximum likelihood (Lokshin & Sajaia, 2004). A
counterfactual analysis was then built to compare the expected yield under the actual and
counterfactual cases that farmers adopted or not. Treatment effect and heterogeneity effect
was calculated to understand the differences in yields between farmers that adopted and those
that did not adopt and to explore the potential impact of changes on agricultural policy. To the
best of our knowledge, this research is one of the few that has used switching regression to
estimate the impact of adoption on cassava yields. Therefore the study contributes to the litera-
ture on the important role of improved crop technologies in Africa’s economy. In particular, the
study contributes to a better understanding of farmers’ decisions on technology adoption, which in
turn will help design policy options to increase cassava productivity and enhance food security
across the country. The rest of the paper is organized as follows. The next section presents the
methodology. This is followed by the results and discussion. The last section presents the conclu-
sions and policy recommendations.

2. Methodology

2.1. Description of the study area

The data for this study were from nationwide survey on root and tuber crops collected in 2017. The
study area map' is presented in Figure 1. Except for the Upper East region, where cassava was not
produced, all other regions where cassava was produced were selected for the study. The Southern
regions (Greater Accra, Central, Western, Eastern, Ashanti, Brong Ahafo and Volta regions)
experienced bimodal rainfall with a mean minimum amount of 800 mm to a mean maximum
amount of 2200 mm. The mean annual temperature ranges from 24°C to 30°C. The Northern
regions (Upper East, Upper West and Northern regions) have unimodal rainfall with a mean annual
rainfall of 1,100 mm and a mean annual temperature of 25°C. Ghana’s climate is very conducive
for the production of various food crops including root and tubers, cereals, legumes and oil seeds.
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Table 2. Variable names, definitions, and descriptive statistics for the sample

Variable Description Mean Std. Dev.

Cassava yield Total output of cassava 19.44 7.61
(t/ha)

Adoption 1 if farmer cultivated 0.39 0.49
improved cassava variety
(ICV), 0 otherwise

Gender 1 if farmer is a male, 0 0.72 0.43
otherwise

Age Age of a farmer (years) 46.87 11.86

Education Number of years of 6.77 5.23
schooling of farmer

Experience Number of years 22.52 12.27
a farmer has spent
farming

Household size Number of person in 7.57 4.12
a farmer’s household

Plot owner 1 if a farmer owned land, 0.69 0.45
0 otherwise

Farm size Total cassava area (ha) 4.00 0.12

Awareness 1 if farmer was aware of 0.81 0.40
ICV, 0 otherwise

Extension access 1 if farmer got 0.61 0.48
information from
extension agent, 0
otherwise

Extension visits Number of times 2.30 2.018
extension agent visited
a farmer

Distance to market Distance from farm to 5.61 5.00
output and input market
(kmn)

Membership 1 if farmer is a member 0.59 0.49
of an association, 0
otherwise

Fertilizer application 1 if farmer used fertilizer, 0.15 0.01
0 otherwise

Monocrop 1 if farmer practice 0.41 0.49
cassava monocrop, 0
otherwise

Fertility status 1 if farmer perceived land 0.62 0.48
as fertile, 0 otherwise

Recommended Spacing 1 if farmer used 0.43 0.49
recommended spacing of
1 m by 1 m, O otherwise

2.2. Sampling and data collection

A multi-stage sampling technique was employed to select districts and villages. Firstly, districts within
regions were clustered into cassava districts. Using volumes of production, a number of districts were
purposively selected from the cassava districts (see Table 1). A list of communities within the districts
was collected from the district directorate of agriculture and using random numbers, four communities
per district were selected. Finally, the sampling units were randomly selected using random numbers. At
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this stage, a proportional sampling technique was employed to select six farmers from each of the
selected communities. A total of 216 communities across the country were visited and 1,296 farmers
were interviewed. However, due to incomplete responses 120 data sets were discarded and data from
1,176 cassava farmers were used.

Data were collected through structured questionnaires administered to sampled farmers by
trained enumerators. Before the actual survey, the questionnaires were pretested in non-
sampled villages. The questionnaire pretesting was not only used to test the appropriateness of
the tool in collecting the required data but also to evaluate the trained enumerators on the
capability of administering the questionnaire. Information sought included farmer demographics,
farm characteristics, membership of association and other social networks, household livestock
ownership and control, saving and credit access, access to extension services and other informa-
tion, income activities, cassava technologies etc.

Table 2 presents the description of variables used and sample descriptive statistics. It can be
observed that 39% adopted improved cassava varieties and that the average yield per hectare was
19 tonnes. Cassava yield was measured using the farmer recall method (Casley & Kumar, 1988). Adult
males were more than adult females. 72% of the respondents was adult males. The average age of
a farmer was about 47 years. Average years a farmer had spent in formal education were about 7.
Education is expected to have a positive impact on technology adoption (Huffman, 2001). On average,
a farmer had 22 years’ experience in farming. The average number of persons in a farmer’s household
was 7. Household size affecting adoption is indeterminate as it could serve as an alternative to labour
availability and influence the adoption or could serve as a labour force to off-farm activities thus
affecting adoption negatively (Faturoti et al., 2006). 61% of farmers had access to extension, however,
a farmer had on an average two visits from an extension agent. Extension access and visits are
hypothesized to influence adoption positively (Zhang et al,, 2016). Awareness on improved cassava
varieties was high. Awareness is expected to influence adoption significantly (Dontsop et al.,, 2013).
The average farm size was 4 ha and 69% of farmers owned farm land. Only 15% of respondents
applied fertilizer on cassava farms. 41% practiced cassava monocropping and 43% planted cassava at
the recommended spacing. Good agronomic practices are expected to positively affect cassava yield.

2.3. Theoretical framework and empirical model
In order to estimate the impact of the adoption of improved cassava varieties (ICV) on cassava
yields, the following general model is used:

y=pZ+0ICV +¢ (1)

where y represents yields, Z denotes a vector of independent variables; adoption of ICV is a dummy
variable, o is a measure of the impact of the adoption of ICV on yields, while € is the error term.

Adoption of ICV is a dummy and potentially endogenous because farmers decide whether to adopt
or not (self-selection bias), thus estimating the coefficients with ordinary least square (OLS) will yield
biased results. Heckman selection, instrumental variable (IV) and propensity score matching (PSM)
are some of the other models used to handle such biases in literature (Heckman & Vytlacil, 2001; J. J.
Heckman et al,, 1998). These methods also have several limitations; for example, both Heckman
selection and IV methods tend to impose a functional form assumption by assuming that adoption of
ICV has only an intercept shift and not a slope shift in the outcome variables (Alene & Manyong,
2007). PSM produces bias results when there are unobservable factors that influence both treatment
and the outcome indicator (yield) (Abdulai & Huffman, 2014). In order to address these issues, an
endogenous switching regression (ESR) technique which has been employed in many impact assess-
ment studies (Abdulai & Huffman, 2014; Bidzakin et al., 2019) was used. In the switching regression
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approach, farmers are segregated according to whether they are adopters or non-adopters in order
to capture the differential responses of the two groups (Abdulai & Huffman, 2014).

The model uses a probit model in the first stage to determine the relationship between adoption
decision and possible determinants of adoption. The second stage regression estimates involve the
determinants of cassava yields of adopters and non-adopters. Let’s consider a situation where a
farmer may decide whether or not to adopt improved cassava variety. Let A/>0 be a latent
variable indicating a composite index of the satisfaction from adoption of ICV. A probit model of
the decision to adopt is specified as:

1 If A,‘*>0
0 otherwise

AI* = Z;(l + n; with A; = (2)
where Z; is a vector of factors influencing the adoption decision « is a vector of unknown
parameters; and 5 is an error term with a mean of zero and a variance 0,72. Probit maximum
likelihood estimation is used to estimate the parameters of Equation (1). The decision of whether
to adopt or not to adopt improved varieties affects yields. Let the yield function be y = f(X), where
y is yield and X is a vector of possible factors that determines yield. To estimate a separate
regression function for each of the two situations, we specify the following Yield functions:

Regime 1 (Adopters):yi =Xup1+en if A =1 (3a)

Regime 2 (Non — Adopters) :y,i =Xy +e2i if A =0 (3b)

where y;; and y,; are the yield of adopters and non-adopters, respectively, and f is the vector of
parameters to be estimated. The error terms in Equations (2), (3a), and (3b) are assumed to have
a trivariate normal distribution with zero mean and covariant matrix Y (i,e.(n, e1,€2) : N(0, %)),
with:

2
On Un%"nl
Z: 01;01" -

62 62°

where 5,72 is the variance of the error term in the selection Equation (2), which can be assumed
to be equal to 1, since the coefficients can be estimated only up to a scale factor (Lee, 1978;
Maddala, 1983). 612 and 6,2 are the variances of the error terms in the yield functions (3a) and
(3b); 61, represents the covariance of 5; and ¢1; and 6, is the covariance of 7; and &,;. Note that y;;
and y,; are not observed simultaneously, which implies that the covariance between ¢1; and ¢y; is
not defined, and they are therefore indicated as dots in the covariance matrix. Since the error term
of the selection Equation (2) is correlated with the error terms of the yield functions (3a) and (3b),
the expected values of ¢; and e conditional on the sample selection are non-zero and are
defined as:

Z;
Ele1i|Ai = 1] = o1, % = o141 (4)

Page 7 of 18



Acheampong et al., Cogent Economics & Finance (2022), 10: 2008587 ﬂ;‘ Cogent oo economics & ﬁ nance
https://doi.org/10.1080/23322039.2021.2008587

ElearlAz = 0] = 03, 7 $Zia)

m = o2h2i (5)

where ¢(.) and @(.) are the standard normal probability density function and normal cumulative
density function, respectively; 11 = #(2i@)j 7 .y and 42 = #(Zi¥)}y _ 7, Tt is important to note

that if the estimated oﬁ,, and aé,, covariances are statistically significant, then the decision to
adopt and the yield are correlated. This implies evidence of endogenous switching, and the null
hypothesis of the absence of sample selectivity bias is rejected.

A more efficient method of estimating endogenous switching regression models is the full
information maximume-likelihood method (Greene, 2000; Lokshin & Sajaia, 2004). Given the pre-
vious assumptions regarding the distribution of the error terms, the logarithmic likelihood func-
tion is:

it = 52 {4 1002~ oy -+ In(03)] + (1~ 4) [1np(2) — Inca + In(1 - 0(02) | ©

where 6 = Zija + pjeji/vV1-p?X3, with j==1,2; and p; denotes the correlation coeffi-
cient between the error term y; of the selection Equation (1) and the error term ¢; of the yield
functions (3a) and (3b), respectively.

2.4. Conditional expectations, treatment, and heterogeneity effects

The endogenous switching regression model can be used to compare expected crop yields of
farmers that participated in improved cassava cultivation as shown in equation (7a) andthose who
did not participate as shown in equation (8b). To investigate the expected yield in the counter-
factual hypothetical cases, comparison can be made with the expected yield in the counterfactual
hypothetical cases in equation (9c) that the farmers did not participate in improved cassava
cultivation, and equation (10d) that the non-adopters participated in improved cassava cultivation.
The conditional expectations of the Yield in the four cases are presented in Table 2 and defined as

follows:
E(vailAi = 1) = X1ipy + o100 (7a)
E(y2ilAi = 0) = Xai; + 02,2 (8b)

Table 3. Conditional expectations, treatment, and heterogeneity

Decision stage Treatment effect

Subsamples Adopters Non-adopters

Farmers that participated | (a) E(yyi |Ai=1) (c) E(yxlAi=1) T
in improved cassava

varieties

Farmers that did not (d)  E(i|Ai=0) (b) E(ys|Ai=0) TU

participate in improved
cassava varieties

Heterogeneity effects BH; BH, TH

Note. (a) and (b) represent observed expected yield; (c) and (d) represent counterfactual yield.
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E(yailAi = 1) = Xyip; + 02,00 (9¢)

E(y1ilAi = 0) = Xaipy + 01,2 (10d)

Cases (7a) and (8b) in Table 3 represent the actual expectations observed in the sample, and
cases (9 c) and (10d) represent the counterfactual expected cassava yield.

Ai =1 if farmer adopts improved cassava variety; Ai = 0 if the farmer does not adopt improved
cassava variety. yq; = yield of the farmer if the farmer participates in improved cassava varieties; y,;
= yield of the farmer if he does not participate in improved cassava varieties; TT represents the
effect of the treatment (adoption) on the treated group (adopters); TU represents the effect of the
treatment (adoption) on the untreated group (non-adopters); BH; and BH, are the effect of base
heterogeneity for adopters (i =1) and non-adopters (i =2), respectively; TH = (TT-TU), which
represents transitional heterogeneity.

Following J. Heckman et al. (2001) and Di Falco et al. (2011), the heterogeneity effects can be

defined as:

TT = E(y1ilAi = 1) — E(y2i|Ai = 1) = X1i(f1 — B2) + (01, — 629) i (11)
TU = E(yyi|Ai = 0) — E(yailAi = 0) = X3i(B1 — ) + (01, — 02)hai (12)
BH; = E(y1i|Ai = 1) — E(yy|A; = 0) = (Xai — X2)fa; + 01y (A1 — 42) (13)
BH, = E(yailAi = 1) — E(yailAi = 0) = (Xy; — Xo1)Bai + 029 (Aai — Azi) (14)

Conditions in Equations (11)-(14) can be described as follows:

(1) The treatment on adopters (TT) is the difference between (7a) and (9 c), which is given by
Equation (11).

(2) The effect of the treatment on non-adopters (TU) is the difference between (10d) and (8b),
which is given by Equation (12).

(3) The effect of heterogeneity of adopters is the difference between (7a) and (10d).

(&) The effect of base heterogeneity (BH) of non-adopters is the difference between (7a) and (10d).

Finally, transitional heterogeneity (TH) is estimated, as if the effect of participating in improved
varieties is larger or smaller for the farmers that actually participated or for the farmers that
actually did not participate in the counterfactual case that they did participate, that is the

difference between Equations (11) and (12) ((TT) and (TU)). The estimations were implemented
in STATA using the movestay command developed by Lokshin and Sajaia (2004).
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Table 4. Differences between adopters and non-adopters of improved cassava varieties

Variable Adopters (39.97%) Non-adopters (60.03%) Diff
Mean Std. Mean Std.

Cassava yield (t/ 22.50 7.99 17.34 6.74 5.08***
ha)
Gender: Male =1 0.71 0.45 0.74 0.44 0.03
Age (years) 46.26 11.84 47.27 11.87 -1.21*
Education 6.81 5.22 6.76 5.23 0.24
(years)
Experience in 20.54 14.42 22.34 15.53 -1.79**
farming(years)
Household size 7.64 4.21 7.48 414 0.16
(continuous)
Plot owner (1/0) 0.64 0.48 0.73 0.44 =3.47%
Farm size (ha) 4,16 4.08 3.00 2.95 1.17+*
Awareness (1/0) 0.98 0.13 0.68 0.46 0.29***
Extension 0.74 0.43 0.52 0.49 0.21%*
access (1/0)
Extension visits 2.88 2.09 1.92 2.16 0.95%**
(continuous)
Distance to 5.79 4.77 5.48 5.15 -0.30
market (km)
Membership of 0.71 0.45 0.51 0.50 0.20%**
association(1/0)
Fertilizer 0.14 0.36 0.15 0.35 -0.01
application(1/0)
Monocrop(1/0) 0.42 0.49 0.41 0.49 0.01
Fertility status 0.62 0.48 0.62 0.48 0.00
(1/0)
Recommended 0.45 0.49 0.41 0.49 0.04
Spacing(1/0)

Note. ***, *** denote significance at 1%, 5% and 10%, respectively.

3. Results and discussion

3.1. Farm and farmer characteristics

Table 4 presents differences in the characteristics of adopters and non-adopters, with their t-values.
Comparing yield of adopters and non-adopters, the results showed that adopters had more yields
than non-adopters and the difference was statistically significant. The mean yield of adopters was
22.5 t/ha, that of non-adopters was 17.3 t/ha. Abdulai and Huffman (2014) found similar results in
their soil and water conservation adoption studies. Adopters were found to be younger than non-
adopters and the difference was significant. There was a significant difference between adopters and
non-adopters as regards farming experience. Both adopters and non-adopters had on average about
eight persons as family members. The majority of the farmers were plot owners, with non-adopters
constituting more of the plot owners. Adopters had larger farm sizes than non-adopters and the
difference was statistically significant. Chandio and Yuansheng (2018a)find farm sizes of adopters to
be higher than that of non-adopters. There was a significant difference between adopters and non-
adopters on access to extension and visits by extension to farmers. Adopters had more access and
more visits than non-adopters. Likewise, Tibamanya et al. (2021) obtained results that showed
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Table 6. Impact of adoption on cassava yields: Conditional expectations, treatment and het-

erogeneity effects

Decision stage Treatment effect
Subsamples To adopt Not to adopt
Adoption of improved (0)22.034 (€)3.752 18.281**%(35.873)
cassava varieties
Non-adoption of (d)17.416 (b)6.442 10.974*** (66.13)
improved cassava
varieties
Heterogeneity effects BH,-4.618 BH, =-2.690 TH =7.307

Note. *** denotes significant at 1%. Values in parentheses are t-values.

adopters had more access to the extension. The difference between adopters and non-adopters on
awareness was significant. 98% of adopters were aware of the improved cassava varieties.

3.2. Empirical results and discussion

The estimates of the determinants of adoption and the impact of adoption on cassava yields are
presented in Table 5. The full information maximum likelihood approach estimates both the adoption
and the outcome equations jointly. Therefore, the selection equation represents the determinants of
adoption of improved cassava varieties and these coefficients can be interpreted as normal probit
coefficients. Results showed that age was negative and significant at a 10% level. This suggests that
younger farmers are more likely to try new cassava varieties than older farmers. Danso-Abbeam et al.
(2017) as well as Wongnaa et al. (2018) discovered that younger farmers were more likely to adopt
improved maize varieties supporting the findings from this study. The experience was found to influence
the probability to adopt improved cassava varieties significantly but negatively. As argued early on, less
experience and probably younger farmers are more likely to adopt improved cassava varieties.

Extension access and extension visits were both found to positively and significantly influence the
likelihood of adoption of improved cassava varieties. Agricultural extension is an efficient source of
information on improved technologies for farmers (Abdulai & Huffman, 2014). Onyemauwa (2012) on
determinants of improved cassava adoption found extension access as very influential in farmers’
decision to adopt improved cassava varieties. Ghimire et al. (2015)reiterate the importance of
extension access in the adoption of improved technology. The variable for awareness was positive
and significantly different from zero, suggesting that farmers adopt improved technologies when
they are knowledgeable of them. According to Abdulai and Huffman (2005), farmers that acquire
knowledge about new technology through extension services or other channels are more likely to
adopt the technology. Consistent with this result is a finding from Shiferaw et al. (2008), who reports
awareness affecting the adoption of improved pigeonpea varieties.

The probability of adoption is affected significantly and positively by total landholding. The implica-
tion is that those with larger farm sizes are more likely to adopt improved varieties as they can afford
to try out new things on parts of their farm. Consistent with the study’s results are studies (Bidzakin
et al.,, 2019; Langyintuo & Mekuria, 2008; Udensi et al., 2011) that found landholding to affect the
adoption of improved technology. Belonging to an association significantly and positively influenced
adoption of improved cassava technology, a finding that agrees with the opinion that social networks
facilitate the flow of information and enhance the adoption of new agricultural technologies (Abdulai
& Huffman, 2014).
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Results of the impact of adoption on yield are presented in columns 3 and 4 of Table 4. The result
of the likelihood ratio test of independence was significant at one percentage level, rejecting the
hypothesis that the three equations are jointly independent. Furthermore, the coefficient of
correlation between adoption and cassava yield “rho” in one equation is positive and statistically
significant at 1%, indicating a failure to reject the hypothesis of sample selection bias. The
parameter has a positive sign in the equation for adopters of improved cassava varieties, suggest-
ing that farmers who adopt improved cassava varieties have significantly higher yields than
a randomly selected farmer from the study area. In contrast, the parameter was insignificant in
the equation for non-adopters, signifying that farmers who do not adopt improved cassava
varieties have significantly lower yields than a randomly selected farmer from the study area.
Generally, the results suggest that both observed and unobserved factors influence the decision to
adopt improved cassava varieties and yield given the adoption decision.

The results showed that farm size was important in explaining higher yields in adopters. The
positive and significant coefficients for adopters indicate that for this group of farmers, larger farms
obtained significantly higher yields. This suggests that farmers with large farms adopt improve
technology and obtain higher yields (Gabre-Madhin & Haggblade, 2001; Ghimire et al., 2015). For non-
adopters farm size did not have any significant influence on yield. The ownership variable was found
to explain yield of adopters positively and that of non-adopters negatively. The result reiterates the
importance of ownership in crop variety adoption and consequent improvement in yields (Chandio &
Yuansheng, 2018b).

Memberships of associations, extension access and awareness have positive and significant
impacts on yields of adopters. These variables are proxies for information for farmers. Abele
et al. (2007) reported of positive impact of access to an extension on the adoption of improved
cassava varieties in Uganda. Agricultural extension enhances the efficiency of making adoption
decisions. The introduction of new technologies creates a demand for information useful in
deciding on adopting new technologies (Amengor et al., 2018; Zhang et al,, 2016).

Recommended spacing had a positive and significant effect on yields of adopters. The spacing at
which a crop is planted determines plant population per unit areaq, seed rate, plant competition for
limited environmental resources, interception of solar radiation, weed suppression and the yield
per unit area (Karaye & Yakubu, 2006). The inherent yield potential of varieties can be fully
expressed when management practices are properly adopted and carried out accordingly.

3.3. Estimates of impact of adoption of improved cassava on yields

The estimates for the average treatments effects (ATT), which show the impact of adoption on cassava
yields, are presented in Table 6. The expected yields under actual and counterfactual conditions are also
reported. The expected yield of farmers that adopted improved cassava variety is higher than the group
of farmers that did not adopt. It is clearly shown that the treatment effect for adopters is 18.28 t/ha. This
represents a 487% increase in yields per hectare of cassava production. Also, results showed that
farmers who did not adopt had they adopted, would have had 10 t/ha more in cassava yields represent-
ing a 170% increase in yields. The transitional heterogeneity effect is positive, implying that the impact of
adoption on yields is significantly higher for farmers who actually adopted compared to those who did
not adopt. These results are consistent with the position that the adoption of improved agricultural
technologies improves yields (Abdulai & Huffman, 2014; Asfaw et al.,, 2012; Tufa et al., 2018).

3.4. Conclusions and Policy Implications

This paper has assessed the potential impact of the adoption of improved Cassava varieties on cassava
yields in Ghana. By using endogenous switching techniques and accounting for selection bias, the true
impact of the adoption of improved cassava variety has been estimated. The results revealed that
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sample selection bias would result if the outcome equations (yields) were to be estimated without
considering the adoption decision. Therefore, the adoption of improved variety may not have the same
effect on the non-adopters should they adopt. The treatment effect that accounts for selection bias
showed that adopters and non-adopters may be systematically different. Our study found that own-
ership and farm size significantly affected adoption decisions and cassava yields. The results highlight
the importance of land ownership and landholdings in improved agricultural technology adoption.

The findings also indicate a positive and significant influence of extension access on adoption, as
well as the impact on yields, sanctioning the importance of extension services in crop production
areas. Awareness variable also positively and significantly affected both adoption decision and
impact on yields. Our findings also confirm the significance of membership of the association in
determining adoption and impact of cassava variety. Group membership engenders information flow,
therefore encouraging farmers to join associations can reduce information barriers to adoption.

The results revealed a positive and significant impact of the adoption of improved cassava
varieties on cassava yields in Ghana. Adoption significantly increased the yields of adopters by
487%. This increase in cassava yields shows the potential direct role of agricultural technology
adoption on food increases and on food security.

Overall our findings have policy implications on the adoption of agricultural technologies. In order
to improve adoption and consequent increases in yields, government policy on agriculture should
include land tenure, extension, improved variety awareness and group membership. Land tenure
systems in Ghana still have challenges that make it difficult for landless people to enter farming. The
government will need to take the lead role in land reforms concerning agriculture to enable entrants,
especially by the youth. The need for policy to resource research-extension linkage system to
promote and create awareness about the existing improved cassava varieties and complementary
technologies would go a long way to increase adoption. The results disclosed that the younger and
less experienced farmers had a greater propensity to adopt improved cassava varieties. Normally, the
youth lack initial capital and land resource to venture into agriculture. The youth could be incentivized
to enter agriculture by the provision of needed resources.

3.5. Limitations and recommendation for future study
The study only focused on the impact of improved cassava variety adoption on cassava yields. We
recommend future research on impact on income and food security.

Acknowledgements

The authors are grateful to the West Africa Agricultural
Productivity Program for providing funds for this study.
The staff of CSIR-Crops Research Institute who helped in
the data collection are duly acknowledged.

Public interest statement

Cassava is a food crop that provides multiple
opportunities for poverty reduction and nour-
ishment for many people. Ghanaian govern-
ment and the World Bank have assisted in the
development of 25 new varieties to increase
production and improve food security for
more than three decades. Though studies
have been carried out to find adoption rates
of cassava varieties among farmers across
Ghana, there are limited studies on cassava
varieties adoption impact on farmers yield.

This study was carried out to examine and
understand how research has led to outputs,
uptake and outcomes, and the distributional
consequences of these. It was also to identify
and understand barriers to agricultural tech-
nology enhancement as a strategy for achiev-
ing larger goals such as increased incomes and
food security. This study has shown the contri-
bution of improved cassava varieties to yield
improvement and Interventions to increase
dissemination and uptake by smallholder farm-
ers should be the focus.

Funding
This work was supported by the World Bank Group.

Page 15 of 18



Acheampong et al., Cogent Economics & Finance (2022), 10: 2008587
https://doi.org/10.1080/23322039.2021.2008587

Author details

Patricia Pinamang Acheampong?

E-mail: ppacheampong@gmail.com

ORCID ID: http://orcid.org/0000-0002-9393-8094

Monica Addison?

E-mail: maddison.canr@knust.edu.gh

ORCID ID: http://orcid.org/0000-0002-3553-8703

Camillus Abawiera Wongnaa®

E-mail: wongnaaa@yahoo.com

ORCID ID: http://orcid.org/0000-0002-1310-551X

1 Socioeconomics Section, Council for Scientific and
Industrial Research-Crops Research Institute, Kumasi,
Ghana.

2 Bureau of Integrated Rural Development, Kwame
Nkrumah University of Science and Technology, Kumasi,
Ghana.

3 Department of Agricultural Economics, Agribusiness and
Extension, Kwame Nkrumah University of Science and
Technology, Kumasi, Ghana.

Citation information

Cite this article as: Assessment of impact of adoption of
improved cassava varieties on yields in Ghana: An endo-
genous switching approach, Patricia Pinamang
Acheampong, Monica Addison & Camillus Abawiera
Wongnaa, Cogent Economics & Finance (2022), 10:
2008587.

Note
1. Note that the study was conducted when Ghana had
10 regions.

Data availability statement
Data for the study are available upon reasonable request
from the corresponding author.

Disclosure statement
No potential conflict of interest was reported by the
author(s).

References

Abbam, T., Johnson, F. A, Dash, J., & Padmadas, S. S.
(2018). Spatiotemporal variations in rainfall and
temperature in Ghana over the twentieth century,
1900-2014. Earth and Space Science, 5(4), 120-17.
https://doi.org/10.1002/2017EA000327

Abdulai, A., & Huffman, W. E. (2005). The diffusion of new
agricultural technologies: The case of crossbred-cow
technology in Tanzania. American Journal of Agricultural
Economics, 87(3), 645-659. https://doi.org/10.1111/j.
1467-8276.2005.00753.x

Abdulai, A., & Huffman, W. (2014). the adoption and
impact of soil and water conservation technology: An
endogenous switching regression application. Land
Economics, 90(1), 26-43. https://doi.org/10.3368/le.
90.1.26

Abele, S., Twine, E., Ntawuruhunga, P., Baguma, Y.,
Kanobe, C., & Bua, A. (2007). Development and dis-
semination of improved Cassava varieties in Uganda:
Analysis of adoption rates, variety attributes and
speed of adoption. AAAE Conference proceedings
(2007) Accra, Ghana 479-482.

Alene, A. D., & Manyong, V. (2007). The effects of educa-
tion on agricultural productivity under traditional and
improved technology in northern Nigeria: An endo-
genous switching regression analysis. Empirical
Economics, 32(1), 141-159. https://doi.org/10.1007/
s00181-006-0076-3

< cogent -~ economics & finance

Amengor, N. E., Owusu-Asante, B., Adofo, K.,
Acheampong, P. P, Benedicta Nsiah-Frimpong, B.,
Nimo-Wiredu, A., Adogoba, D., Joyce Haleegoah, J.,
Adu-Appiah, A., Badfi, E., & Sagoe, R. (2018).
Adoption of improved sweetpotato varieties in
Ghana. Asian Journal of Agricultural Extension,
Economics & Sociology, 23(3), 1-13. https://doi.org/
10.9734/AJAEES/2018/39874

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(2012), 283-295. http://dx.
doi.org/10.1016/j.foodpol.2012.02.013

Bidzakin, J. K., Fialor, S. C., Awunyo-Vitor, D., Iddrisu, Y., &
Aye, G. (2019). Impact of contract farming on rice
farm performance: Endogenous switching regression.
Cogent Economics & Finance, 7(1), 1618229. https://
doi.org/10.1080/23322039.2019.1618229

Casley, D. J., & Kumar, K. (1988). The collection, analysis
and use of monitoring and evaluation data. Johns
Hopkins University Press for the World Bank.

Chandio, A. A, Jiang, Y., Ahmad, F., Adhikari, S., & Ain, Q. U.
(2021). Assessing the impacts of climatic and tech-
nological factors on rice production: Empirical evi-
dence from Nepal. Technology in Society, 66, 101607.
https://doi.org/10.1016/j.techsoc.2021.101607

Chandio, A. A., & Yuansheng, J. I. A. N. G. (2018b).
Determinants of adoption of improved rice varieties
in northern Sindh, Pakistan. Rice Science, 25(2),
103-110. https://doi.org/10.1016/j.rsci.2017.10.003

Chandio, A. A., & Yuansheng, J. (2018a). Factors influen-
cing the adoption of improved wheat varieties by
rural households in Sindh, Pakistan[J]. AIMS
Agriculture and Food, 3(3), 216-228. https://doi.org/
10.3934/agrfood.2018.3.216

Danso-Abbeam, G., Bosiako, J. A., Ehiakpor, D. S., Mabe, F.
N., & Aye, G. (2017). Adoption of improved maize
variety among farm households in the northern
region of Ghana. Cogent Economics & Finance, 5(1),
1416896. https://doi.org/10.1080/23322039.2017.
1416896

Di Falco, S., Veronesi, M., & Yesuf, M. (2011). Does adap-
tion to climate change provide food security? A
micro-perspective from Ethiopia. American Journal of
Agricultural Economics, 93(3), 829-846. https://doi.
org/10.1093/ajae/aar006

Donkor, E., Owusu-Sekyere, E., Owusu, V., & Jordaan, H.
(2016). Impact of row-planting adoption on produc-
tivity of rice farming in northern Ghana. Review of
Agricultural and Applied Economics, 19(2), 19-28.
https://doi.org/10.15414/raae.2016.19.02.19-28

Dontsop, P., Diagne, A., Okoruwa, O. V., Ojehomon, V., &
Manyong, V. (2013). Estimating the actual and
potential adoption rates and determinants of NERICA
rice varieties in Nigeria. Journal of Crop Improvement,
27(5), 561-585. https://doi.org/10.1080/15427528.
2013.811709

Evenson, R., & Gollin, D. (2003). Assessing the impact of
the green revolution: 1960 to 2000. Science, 300(2),
758-762. https://doi.org/10.1126/science.1078710

FAO. (2015). Ghana country fact sheet on food and agri-
culture policy trend. APDA—Food and Agriculture
Policy Decision Analysis.

Faturoti, B. 0., Emah, G. N., Isife, B. 1., Tenkouano, A., &
Lemchi, J. (2006). Prospects and determinants of
adoption of IITA plantain and banana based
technologies in three Niger Delta States of Nigeria.

Page 16 of 18


https://doi.org/10.1002/2017EA000327
https://doi.org/10.1111/j.1467-8276.2005.00753.x
https://doi.org/10.1111/j.1467-8276.2005.00753.x
https://doi.org/10.3368/le.90.1.26
https://doi.org/10.3368/le.90.1.26
https://doi.org/10.1007/s00181-006-0076-3
https://doi.org/10.1007/s00181-006-0076-3
https://doi.org/10.9734/AJAEES/2018/39874
https://doi.org/10.9734/AJAEES/2018/39874
http://dx.doi.org/10.1016/j.foodpol.2012.02.013
http://dx.doi.org/10.1016/j.foodpol.2012.02.013
https://doi.org/10.1080/23322039.2019.1618229
https://doi.org/10.1080/23322039.2019.1618229
https://doi.org/10.1016/j.techsoc.2021.101607
https://doi.org/10.1016/j.rsci.2017.10.003
https://doi.org/10.3934/agrfood.2018.3.216
https://doi.org/10.3934/agrfood.2018.3.216
https://doi.org/10.1080/23322039.2017.1416896
https://doi.org/10.1080/23322039.2017.1416896
https://doi.org/10.1093/ajae/aar006
https://doi.org/10.1093/ajae/aar006
https://doi.org/10.15414/raae.2016.19.02.19-28
https://doi.org/10.1080/15427528.2013.811709
https://doi.org/10.1080/15427528.2013.811709
https://doi.org/10.1126/science.1078710

Acheampong et al., Cogent Economics & Finance (2022), 10: 2008587
https://doi.org/10.1080/23322039.2021.2008587

African Journal of Biotechnology, 5(14), 1319-1323
doi:10.5897/AJB2006.000-5062.

Gabre-Madhin, E. Z., & Haggblade, S. (2001). Success in
African agriculture: Results of an expert survey.
International Food Policy Research Institute.

Ghimire , R., Wen-chi, H.& Shrestha, R.B. (2015). Factors
affecting adoption of an improved Rice Varieties
among Rural farm households in Central Nepal. Rice
Science, 22(1): 35-43 DOI: 10.1016/j.rsci.2015.05.006

Gladwin, C., Thomson, A. M., Peterson, J. S., & Anderson, A.
S. (2001). Addressing food security in Africa via
Multiple livelihood strategies of women farmers.
Food Policy, 26(2), 177-207. https://doi.org/10.1016/
S0306-9192(00)00045-2

Greene, W. H. (2000). Econometric analysis. Macmillan
Publishing Company.

Heckman, J. J., Ichimura, H., & Todd, P. (1998). Matching
as an econometric evaluation estimator. The Review
of Economic Studies, 65(2), 261-294. https://doi.org/
10.1111/roes.1998.65.issue-2

Heckman, J. J., & Vytlacil, E. J. (2001). Instrumental vari-
ables, selection models, and tight bounds on the
average treatment effect Lechner M., and Pfeiffer F.,
(eds) . In Econometric evaluation of labour marker
policies (pp. 1-15 d0i:10.2307/1061591). Physica.

Heckman, J. Tobias, J. L., & Vytlacil, E. (2001). Four para-
meters of interest in the evaluation of social
programmes. Southern Economic Journal, 68(2),
210-233.

Huffman, W. E. (2001). Human capital: Education and
agriculture. In B. L. Gardner, and G. C. Rausser (Eds.)
Handbook of agricultural economics 1B. Elsevier
Science 615-711

Irz, X, Thirtle, C,, Lin, L., & Wiggins, S. (2001). Agricultural
productivity growth and poverty alleviation.
Development Policy Review, 19(4), 449-466. https://
doi.org/10.1111/14677679.00144

Karaye, A. K., & Yakubu, A. I. (2006). Influence of
intra-row spacing and mulching on weed growth and
bulb yield of garlic (Allium sativum L.) in Sokoto.
African Journal of Biotechnology, 5 (3) , 260-263
doi:10.5897/AJB05.325.

Langyintuo, A. S., & Mekuria, M. (2008). Assessing the
influence of neighborhood effects on the adoption of
improved agricultural technologies in developing
agriculture. African Journal of Agriculture and
Resource Economics (2) , 151-169.

Lee, L. F. (1978). Unionism and wage rates: A simulation
equation model with qualitative and limited depen-
dent variable. International Economic Review, 19(2),
415-455. https://doi.org/10.2307/2526310

Lokshin, M., & Sajaia, Z. (2004). Maximum likelihood esti-
mation of endogenous switching regression models.
The Stata Journal, 4(3), 282-289. https://doi.org/10.
1177/1536867X0400400306

Maddala, G. S. (1983). Limited dependent and qualitative
variables in econometrics. Cambridge University
Press.

Mendola, M. (2007). Agricultural technology adoption
and poverty reduction: A propensity-score match-
ing analysis for rural Bangladesh. Food Policy, 32
(3), 372-393. https://doi.org/10.1016/j.foodpol.
2006.07.003

< cogent -~ economics & finance

Ministry of Food and Agriculture. (2010, September).
Medium Term Agriculture Sector Investment Plan
(METASIP) document (2010).

Ministry of Food and Agriculture. (2018). Investing for
Food and Jobs (IFJ): An Agenda for Transforming
Ghana’s Agriculture (2018-2021. Accra.

Ministry of Food and Agriculture. (2019a). Catalogue of
crop varieties released and registered in Ghana 2019
(Ministry of Food and Agriculture).

Ministry of Food and Agriculture. (2019b). Agriculture in
Ghana: Facts and figures. Statistics Research and
Information Directorate.

Minten, B., & Barrett, C. (2008). Agricultural technology,
productivity, and poverty in Madagascar. World
Development, 36(5), 797-822. https://doi.org/10.
1016/j.worlddev.2007.05.004

Nin, A., Arndt, C., & Precktel, P. (2003). Is agricultural
productivity in developing countries really shrinking?
New evidence using a modified nonparametric
approach. Journal of Development Economics, 71(2),
395-415. https://doi.org/10.1016/5S0304-3878(03)
00034-8

Nweke, F. I, Spencer, D. S. C., & Lynam, J. K. (2002). The
cassava transformation: Africa’s best kept secret.
Michigan State University Press.

Omonona, B. T., Oni, O. A., & Uwagboe, A. O. (2006).
Adoption of improved Cassava varieties and its wel-
fare impact on rural farming households in Edo State,
Nigeria. Journal of Agricultural and Food Information,
7(1), 2006. https://doi.org/10.1300/J108v07n01_05

Onyemauwa, C. S. (2012). Analysis of women participa-
tion in Cassava production and processing in Imo
State, Southeast Nigeria. Agricultura Tropica
Subtropica, 45(2), 72-77. https://doi.org/10.2478/
v10295-012-0012-9

Rusike, J., Mahungu, N. M., Jumbo, S., Sandifolo, V. S., &
Malindi, G. (2010). Estimating impact of cassava
research for development approach on productivity,
uptake and food security in Malawi. Food Policy, 35
(2), 98-111. https://doi.org/10.1016/j.foodpol.2009.
10.004

Shiferaw, B., Kebede, T. A., & You, L. (2008). Technology
adoption under seed access constraints and the
economic impacts of improved Pigeonpea varieties in
Tanzania. Agricultural Economics, 39(3), 309-323.
10.1111/j.1574-0862.2008.00335.x

Stout, B. (1990). Handbook of energy for world agriculture.
Elsevier Science Publishers Ltd.

Tibamanya, F. Y., Milanzi, M. A., & Henningsen, A. (2021).
Drivers of and barriers to adoption of improved sun-
flower varieties amongst smallholderfarmers in
Singida, Tanzania: The double-hurdle approach, IFRO
Working Paper, No. 2021/03, University of
Copenhagen, Department of Food and Resource
Economics (IFRO), Copenhagen

Tufa, A. H., Alene, A. D., Manda, J., & Akinwale, G. (2018).
The yield and income effects of adoption of improved
soybean varieties and agronomic practices in Malawi.
2018 Conference, July 28-August 2nd, 2018.
Vancouver, British Columbia 277239, International
Association of Agricultural Economists.

Udensi, E. U., Tarawali, G., Favour, E. U., Asumugha, G.,
Ezedinma, C., Benjamen, C., Okoye, B. C., Okarter, C.,

Page 17 of 18


https://doi.org/10.5897/AJB2006.000-5062
https://doi.org/10.1016/j.rsci.2015.05.006
https://doi.org/10.1016/S0306-9192(00)00045-2
https://doi.org/10.1016/S0306-9192(00)00045-2
https://doi.org/10.1111/roes.1998.65.issue-2
https://doi.org/10.1111/roes.1998.65.issue-2
https://doi.org/10.2307/1061591
https://doi.org/10.1111/14677679.00144
https://doi.org/10.1111/14677679.00144
https://doi.org/10.5897/AJB05.325
https://doi.org/10.2307/2526310
https://doi.org/10.1177/1536867X0400400306
https://doi.org/10.1177/1536867X0400400306
https://doi.org/10.1016/j.foodpol.2006.07.003
https://doi.org/10.1016/j.foodpol.2006.07.003
https://doi.org/10.1016/j.worlddev.2007.05.004
https://doi.org/10.1016/j.worlddev.2007.05.004
https://doi.org/10.1016/S0304-3878(03)00034-8
https://doi.org/10.1016/S0304-3878(03)00034-8
https://doi.org/10.1300/J108v07n01_05
https://doi.org/10.2478/v10295-012-0012-9
https://doi.org/10.2478/v10295-012-0012-9
https://doi.org/10.1016/j.foodpol.2009.10.004
https://doi.org/10.1016/j.foodpol.2009.10.004
https://doi.org/10.1111/j.1574-0862.2008.00335.x
https://doi.org/10.1111/j.1574-0862.2008.00335.x

Acheampong et al., Cogent Economics & Finance (2022), 10: 2008587
https://doi.org/10.1080/23322039.2021.2008587

cogent - 0a

®

Ilona, P., Okechukwu, R., & Dixon, A. (2011). Adoption
of selected improved cassava varieties among
smallholder farmers in South-Eastern Nigeria.
Journal of Food, Agriculture and Environment, 9(1),
329-335.

Wongnaa, C. A., Awunyo-Vitor, D., & Bakang, J. E. A.

(2018). Factors affecting adoption of maize produc-
tion technologies: A study in Ghana. Journal of
Agricultural Sciences, 13(1 81-99 doi:10.4038/jas.
v13i1.8303).

Under the following terms:
Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.

You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.
No additional restrictions

<= cogent - economics & finance

World Bank. (2007). World Development Report 2008:
Agriculture for Development. License: CC BY 3.0 IGO
https://openknowledge.worldbank.org/handle/
10986/5990.

Zhang, Y., Wang, L., & Duan, Y. Q. (2016). Agricultural
information dissemination using ICTs: A review
and analysis of information dissemination models
in China. Information Processing in Agriculture, 3
(1), 17-29. https://doi.org/10.1016/j.inpa.2015.11.
002

© 2021 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.

You are free to:
Share — copy and redistribute the material in any medium or format.

Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.

You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Economics & Finance (ISSN: 2332-2039) is published by Cogent OA, part of Taylor & Francis Group.

Publishing with Cogent OA ensures:

«  Immediate, universal access to your article on publication

«  High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online

«  Download and citation statistics for your article

*  Rapid online publication

«  Input from, and dialog with, expert editors and editorial boards

+  Retention of full copyright of your article

+  Guaranteed legacy preservation of your article

«  Discounts and waivers for authors in developing regions

Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Page 18 of 18


https://doi.org/10.4038/jas.v13i1.8303
https://doi.org/10.4038/jas.v13i1.8303
https://openknowledge.worldbank.org/handle/10986/5990
https://openknowledge.worldbank.org/handle/10986/5990
https://doi.org/10.1016/j.inpa.2015.11.002
https://doi.org/10.1016/j.inpa.2015.11.002

	1.  Introduction
	2.  Methodology
	2.1.  Description of the study area
	2.2.  Sampling and data collection
	2.3.  Theoretical framework and empirical model
	2.4.  Conditional expectations, treatment, and heterogeneity effects

	3.  Results and discussion
	3.1.  Farm and farmer characteristics
	3.2.  Empirical results and discussion
	3.3.  Estimates of impact of adoption of improved cassava on yields
	3.4.  Conclusions and Policy Implications
	3.5.  Limitations and recommendation for future study

	Acknowledgements
	Public interest statement
	Funding
	Author details
	Note
	Data availability statement
	Disclosure statement
	References

