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Abstract

Cassava mosaic disease (CMD) is a major constraint to cassava production in sub-Saharan
Africa, particularly in Burkina Faso, where it poses a serious threat to rural food security.
This study examined the impact of adopting innovative cassava mosaic disease manage-
ment practices on cassava yields in the Guiriko and Nando regions of Burkina Faso. To
address potential biases arising from differences in characteristics between adopters and
non-adopters, an econometric approach based on the instrumental variables (IV) method
within a counterfactual framework was employed to estimate the local average treatment
effect (LATE). The data were drawn from a survey conducted in September 2023 among
511 cassava producers. The results indicate that the adoption of innovative cassava mo-
saic disease management practices had a positive and statistically significant effect on
agricultural yields. Productivity gains were estimated at 29% in the Guiriko region and
41% in the Nando region, highlighting spatial heterogeneity in impacts. These findings
suggest that promoting the diffusion of such practices can substantially improve cassava
productivity and reduce the vulnerability of rural households. In addition, the analysis
showed that socioeconomic and technical factors, including farmers’ age, membership in
cassava producer organizations, household income levels, and the use of chemical fertiliz-
ers, also influence productivity outcomes. Overall, the study underscores the importance
of strengthening agricultural extension services, supporting producer organizations, and
promoting appropriate technologies to maximize the benefits of cassava mosaic disease
management practices for food security and rural development.

Keywords: instrumental variables; counterfactual approach; yield; innovative CMD
management practices; Burkina Faso

1. Introduction
Cassava (Manihot esculenta Crantz), originally from Latin America, is a major source of

calories for more than 800 million people in the tropics and subtropics including around
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500 million in Africa [1]. In West Africa, cassava is experiencing a growing interest regard-
ing the diversity of diet and its high yield potential [2–5]. In addition, it is adapted to wider
agroecology, low fertile soils, and drought areas [6,7], suggesting its potential role to tackle
hunger in marginal areas.

Despite its importance, cassava faces several constraints that significantly contribute
to reducing its productivity [8]. Among these constraints, virus diseases, particularly the
cassava mosaic disease (CMD), is the most severe [7–9]. The CMD is transmitted through
infected planting material and vectors, such as whiteflies (Bemisia tabaci), and induces leaf
deformation, chlorosis, and significant reductions in root development, which lead to yield
losses up to 70% [10–12]. In Burkina Faso, since its first report in 2009, CMD continues to
pose a serious threat to cassava production, particularly in smallholder farming systems,
where access to healthy cuttings and advice for infected cassava plant management is
limited [13–16]. Therefore, farmers are subjected to an increased production risk and
reduced agricultural incomes, driven by the non-adoption of improved farming practices.

To alleviate the impact of virus diseases in cassava cropping systems, the adoption
of management practices is crucial. These practices include the use of resistant vari-
eties, the systematic removal of infected plants, and the phytosanitary treatment of cut-
tings [15,17–19]. The positive effects of adopting individual agricultural practice has been
previously reported [20], however, several works support that integrated adoption of agri-
cultural practices generates greater and more sustainable benefits in terms of crop yields
and the resilience of agricultural systems. In the context of disease management, Sawadogo
et al. [21] emphasized the importance of alternative and integrated management strategies
that go beyond traditional approaches based solely on field monitoring. Similarly, Nsiah
et al. [22] indicated that the adoption of resistant varieties, crop rotations, and intercropping
in integrated disease and pest management were more appropriate and sustainable than a
single practice.

The benefit of the combined adoption of agricultural practices has further been re-
ported in improving agricultural yields and overall system performance. For instance,
in maize cropping, combining optimal planting density, split fertilizer application, and
deep tillage led to significantly improved nutrient use efficiency and increased grain yields
by 25% to 37% [23]. Similarly, in the context of climate-smart agriculture in Ethiopia, the
combined adoption of multiple practices including crop diversification, agroforestry, and
adjustments in planting dates reduces yield gaps more effectively than the adoption of a
single practice or non-adoption [24]. Moreover, Liang et al. [25] found that integrating com-
plementary agricultural strategies such as crop rotation, no-tillage, organic amendments,
and soil microbiome management generated synergistic benefits exceeding the sum of indi-
vidual effects, with a yield gain reaching 15% to 30%. Finally, Westerberg et al. [26] revealed
that farmers who simultaneously applied multiple agroecological practices, including zai
pits, stone bunds, assisted natural regeneration, and legume–cereal intercropping, achieved
a 77% yield increase compared with farmers who adopted few or no practices. However,
the adoption of these practices to support production requires farmer awareness and the
accessibility of improved materials.

In this context, since a decade ago, the Regional Center of Excellence for Transbound-
ary Plant Pathogens, Central and West African Virus Epidemiology (WAVE) has established
cassava disease survey programs and farmers and agricultural stakeholders training across
14 cassava producing countries to sustain cassava production. Evaluating the impacts of
such intervention on the farmers’ ability to manage disease will help to strengthen disease
management policies in smallholder farming systems. Indeed, training will increase the
adoption of cassava mosaic disease management practices by cassava farmers. Adopting
farmers may systematically differ from non-adopters in terms of resource endowments,
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access to information, risk preferences, or managerial capacity. Consequently, the observed
yield differences may reflect pre-existing characteristics rather than the true causal effect
of adoption. This selection bias raises concerns regarding the internal validity of existing
estimates and limits their usefulness for guiding agricultural policies and extension pro-
grams. In the absence of credible causal identification, the available results provide limited
decision-making value, particularly in resource-constrained contexts, where the effective
targeting of interventions is essential.

This study addresses these gaps by providing a causal evaluation of the impact of
integrated cassava mosaic disease management practices on cassava yields in Burkina
Faso. Using primary survey data collected from 511 producers in the Guiriko and Nando
regions, we adopted an instrumental variables approach model within a counterfactual
framework to estimate the local average treatment effect (LATE). Access to CMD specific
training was used as an instrument to correct selection bias and unobserved heterogeneity
in adoption decisions. The training primarily influences CMD management practice
adoption by enhancing the farmers’ technical knowledge and awareness of recommended
practices, without directly affecting yields outside this channel, making it a relevant and
exogenous instrument.

The study makes three main contributions. First, it provides one of the first causal esti-
mates of the productivity effects of integrated CMD management practices in a smallholder
farming context. Second, it extends the application of the LATE framework to the analysis
of plant diseases and phytosanitary practices. Third, by comparing two distinct agroeco-
logical regions, it highlights regional heterogeneity in adoption effects, offering actionable
insights for the geographic targeting of extension services, the design of phytosanitary
training programs, and the development of sustainable CMD control strategies.

2. Materials and Methods
2.1. Study Area

As illustrated in Figure 1, this study was conducted in two agroecological regions
of Burkina Faso: Guiriko and Nando. These regions were selected as the study areas for
several reasons. First, they host a large number of cassava producers, as cassava is a key
crop for local food security. Second, they offer relative accessibility in a challenging security
context that Burkina Faso has faced since 2015, which facilitated field data collection. Third,
Guiriko and Nando are among the intervention areas of the WAVE (West African Virus
Epidemiology) project, which has initiated prevention and control activities targeting
cassava viral diseases in these regions. Finally, these regions are characterized by a high
prevalence of viral diseases affecting cassava, with a higher incidence observed in the
Nando region in 2020. This makes them particularly suitable for analyzing cassava mosaic
disease management practices [15,21].

The Guiriko region is located in western Burkina Faso and covers an area of approxi-
mately 25,479 km2. It benefits from annual rainfall ranging between 800 and 1100 mm and
possesses the densest hydrographic network in the country. The dominant soils consist of
organic matter-rich sesquioxides derived from the weathering of tropical ferruginous soils,
making them well-suited for agricultural activities. Agriculture therefore represents the
main economic activity in the region.
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Figure 1. Maps showing the studied region.

The Nando region is located in the central-western part of the country and covers
an area of approximately 21,891 km2. It exhibits a high diversity of soil types, including
hydromorphic, tropical ferruginous, ferralitic, sandy, and loamy soils. The climate is both
north-Sudanian, with annual rainfall ranging from 600 to 1000 mm, and south-Sudanian,
with precipitation exceeding 1000 mm per year. Vegetation cover mainly consists of shrub
and tree savannas as well as gallery forests.

For this study, the provinces of Houet, Sissili, and Ziro; the municipalities of Bobo-
Dioulasso, Silly, Sapouy, Léo, and Biéha; and the villages of Panamasso, Doufiguisso,
Kointou, Santidougou, Kimidougou, Cassou, Thiaburo, Thiagao, Yalé, Nablaliassan, Be-
naverou, Onliassan, and Silly were randomly selected.

2.2. Sampling

The overall sample was determined using Yamane’s formula [27]:

n =
N

1 + N(e)2 (1)

where n = sample size, N = number of cassava producers, and e = precision level, set here
at 5% (i.e., 0.05).

Therefore, 255 and 256 households were interviewed in the Nando and Guiriko,
respectively. The number of households to be surveyed per province, commune, and
village was determined using the stratification method [28]. The repartition of these
households surveyed during this study is summarized in Table 1.
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Table 1. Breakdown of respondents.

Region Province Commune Village Number of Households
Surveyed

Guiriko Houet Bobo
Dioulasso

Bobo
Dioulasso 42

Panamasso 46

Doufiguisso 42

Kointou 42

Santidougou 42

Kimidougou 42

Nando

Sissili

Léo

Léo 19

Nablaliassan 19

Benaverou 19

Onliassan 18

Silly Silly 39

Biéha
Biéha 20

Yalé 21

Ziro

Cassou Cassou 37

Sapouy

Sapouy 21

Thiaburo, 21

Thiagao 21

Total 511

Questionnaires designed to collect socio-economic and demographic information,
data on the adoption and management of cassava mosaic disease, as well as information
necessary for the analysis of household yields and well-being, were administered to the
cassava producers electronically using tablets equipped with the KoboCollect application.

2.3. Theoretical Framework

From a theoretical perspective, our analysis is grounded in endogenous growth theory.
Developed primarily by Romer [29–31], this theory highlights the central role of internal
factors in driving long-term economic growth. Unlike neoclassical models [32], within
the framework of endogenous growth theory, productivity gains arise from the accumu-
lation of technological and cognitive capital generated through innovation, learning, and
the adoption of new knowledge within production systems. Applied to agriculture, this
perspective suggests that sustainable productivity improvements depend not only on the
expansion of traditional inputs but also on the adoption of integrated practices that embody
technical innovations and strengthen farmers’ capabilities. In this context, the integrated
management of cassava mosaic disease (CMD) can be interpreted as a process of the en-
dogenous accumulation of productive capital. The use of resistant varieties represents a
form of embodied technological capital that reduces the biological vulnerability of crops.
Regular field inspections contribute to the accumulation of cognitive capital by enhancing
farmers’ observational, diagnostic, and decision-making skills. Finally, the phytosanitary
treatment of cuttings combines technological and cognitive capital by mobilizing both
specific technical knowledge and its practical application. The joint adoption of these prac-
tices generates complementary effects and synergies that enhance the overall production
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system efficiency, in line with the mechanisms predicted by endogenous growth theory.
This theoretical framework therefore provides a coherent analytical basis for examining the
impact of integrated CMD management practices on cassava productivity.

2.4. Empirical Model

The aim was to estimate the average productivity of innovative CMD management
practices that are not adopted. Following the mean treatment effect described in previ-
ous reports [33–35], we used the counterfactual framework whereby each farmer has two
potential outcomes: adopting and not adopting. Specifically, let Y1 be the potential out-
come of a farmer adopting innovative CMD management practices and Y0 the potential
outcome of this farmer if the pratices are not adopted. Thus, the treatment effect for a
producer i is measured by the difference between Y1i − Y0i. However, interpreting this
difference as a causal relationship between adoption and producer productivity leads to
selection bias [36]. If the difference in productivity is positive, it does not a priori indicate a
causal relationship. Hence, we cannot conclude that the adoption of practices improves
productivity. It may be true that at least some of the differences in production between
adopters and non-adopters existed even before the activity. In the attempt to resolve this
problem of selection bias and generate unbiased estimates of impact results, experimental
(social experiment or randomization) and non-experimental approaches were developed.
In this study, the impact of adopting innovative CMD management practices was based
on a non-experimental method for several key reasons such as the absence of random
assignment due to the free choice of adoption. Producers/adopters decide for themselves
whether or not to participate, which means that the composition of the groups (adopters
vs. non-adopters) is not random. In addition, the data used in this study were from a
cross-sectional survey conducted after the innovation was adopted, and are not the result of
an experimental or quasi-experimental design implemented prior to the intervention. This
approach draws on economic and econometric theories to guide the analysis and minimize
potential errors in impact estimation [37].

Let Ai be a binary variable indicating the status of the cassava producer, with Ai = 1
if the producer is an adopter and Ai = 0 if not. Let Y1i and Y0i be two (2) random
variables that represent the level of the outcome indicator (yield) for individual i if the
producer has adopted the practices or not. The impact of adoption on individual i is
the difference between this outcome indicator in an adoptive and non-adoptive situation
(α = Y1 − Y0). The fundamental problem with any impact assessment is that a producer
cannot simultaneously be an adopter and a non-adopter of an innovation [37]. It is therefore
impossible to observe both Y1 and Y0 for the same producer. The impossibility of observing
both potential outcomes constitutes the fundamental problem of causal inference [38,39].
Therefore, Y, as represented below, is the only observable value of an outcome indicator.

Y = (1 − Ai)Y0i + AiY1i = Y0i + Ai(Y1i − Y0i) = Y0i + αAi (2)

On the other hand, this causal effect can be determined for all producers concerned,
as demonstrated by [35], provided that Y1i, Y0i and A0 are all independent, given the
socio-economic and demographic characteristics of the populations. This is the difference
between the average level of the indicator for adopters and non-adopters. This means that
the average treatment effect (ATE) can be represented as follows:

ATE = E(α) = E(Y1 − Y0) = E(Y1)− E(Y0) (3)

The impact of adoption can only be credibly assessed if the subpopulation of non-
adopters is well-defined and comparable to that of adopters. In other words, the two groups
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must be similar in all respects, except for the adoption of CMD management innovations.
This indicator measures the impact of adoption on an individual drawn at random from
the population [33]. We can also identify the average causal effect conditional on treatment,
commonly known as ATE1 (Average Treatment Effect on Treated), as follows:

ATE1 = E(Y1 − Y0/A = 1) (4)

ATE1 represents the average effect of the treatment on the treated. It is generally
different from the ATE parameter, except in the case of perfect adherence to the treatment.
However, both ATE and ATE1 estimators are subject to two (2) types of bias [40] due to
the difference between observable characteristics (overt bias) and the difference between
unobservable characteristics (hidden bias), affecting the producers’ access to information
and their decision to adopt or not. To exclude or minimize observable and unobservable
biases, the instrumental variables (IV) method is often used [41]. This method assumes the
existence of at least one variable z called an instrument, which directly affects adherence
status but indirectly affects the results Y1 and Y0 once the independent variables X are
controlled. It is used to estimate the LATE (Local Average Treatment Effect), which is the
average impact for potential adopters.

In this study, the instrumental variable used was access to training (Accform). This
is a binary variable equal to 1 if the farmer has received awareness-raising or training
on the cassava mosaic disease (CMD) management practices provided, and 0 otherwise.
The choice of this instrument was based on the idea that access to information strongly
influences the likelihood of adopting agricultural innovations. Indeed, training provides
farmers with the necessary knowledge to understand CMD management methods and
their benefits, thereby increasing their propensity to adopt these practices. Conversely, in
accordance with the validity requirements of an instrument, access to training should not
directly affect productivity once adoption is controlled for. Training serves as a channel for
information but does not itself modify production conditions if the recommended practices
are not actually implemented [42]. Thus, its effect on yield operates solely through its
impact on adoption, which satisfies the exclusion restriction assumption.

Two estimators are often calculated for the instrumental variables (VI). The first is the
Wald estimator (non-parametric method) proposed by [43], which requires the outcome
indicator Y, the ‘adoption status’ variable A, and the instrument z. The second estimator
VI is proposed by [41] and is nothing more than a generalization of the first. It was the
first estimator used in this research, given that we had only one instrument meeting the
conditions of exogeneity and absence of simultaneity.

Considering the following linear equation:

Yi = α0 + αiXi + βAi + ui (5)

where Yi = yield (production per hectare); Ai = the treatment variable (adoption of CMD
management innovations). It is endogenous (i.e., correlated with the residuals ui; Xi = other
explanatory variables; α and β are the parameters to be estimated). Let us also consider z
as an instrument.

Estimator is calculated as follows:

β =
E(Y/z = 1)− E(Y/z = 0)
E(A/z = 1)− E(A/z = 0)

(6)

As shown by [44], the instrumental variables estimator does not allow us to measure
the average effect on all ‘treated individuals’ but only on a sub-population, the compliers.
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These are people for whom the instrument has an impact on whether or not they follow the
treatment. The population is categorized as follows in the Table 2.

Table 2. Typology of individuals according to their treatment compliance behavior.

A = 1|z = 1 A = 0|z = 1

A = 1|z = 0 Always takers Defiers

A = 0|z = 0 Compliers Nevers Takers

People who always choose the treatment regardless of the value of the instrument, (i.e.,
such that P(A = 1 | z = 1) = P(A = 1 | z = 0) = 1) are called always takers. Compliers
are the population for which the instrument has an effect, that is, because the instrument
has no effect for other populations. Therefore, they either never choose the program (never
takers), or they always choose it (always takers). Finally, we can imagine that the ‘defiers’,
people for whom the instrument has an effect, are the opposite to that commonly expected.
The estimated effect is therefore said to be local. Angrist et al. [44] calls it LATE: the locale
average treatment effect.

Conditional expectation −→ E(Yi/zi = 1) = E[Yi0 + Ai(Yi1 − Yi0)/zi = 1] (7)

LATE −→ β = E[(Yi1 − Yi0)/Ai(z = 1)− Ai(z = 0) = 1] (8)

To assess the robustness of the baseline estimates, we complemented the LATE anal-
ysis with the inverse probability weighted regression adjustment (IPWRA) method. The
IPWRA estimator combines propensity score weighting with outcome regression, yielding
consistent estimates as long as either the treatment assignment model or the outcome model
is correctly specified. This doubly robust property makes IPWRA particularly suitable for
robustness checks and provides additional confidence in the stability and reliability of the
estimated impacts.

We adopted a logarithmic specification of the yield model to facilitate the economic
interpretation of the estimated coefficients and to mitigate potential heteroskedasticity in
the residuals. Specifically, the dependent variable, representing cassava yield, is expressed
in natural logarithms, while the treatment variable, indicating the adoption of integrated
cassava mosaic disease management practices, is introduced as a binary variable.

Within this semi-logarithmic framework, the coefficient associated with the adoption
variable can be interpreted as a relative variation in yield.

2.5. Description of Variables

• Dependent variables

The dependent variable chosen was yield, which here represents the ratio of produc-
tion obtained to the cassava cultivating area. It is also referred to as land productivity, and
is measured in kilograms (kg) per hectare (kg/ha) or tons per hectare (t/ha). Thus, the
term productivity used in this document still refers to yield.

• Adoption variable

The adoption of best practices for managing cassava mosaic disease (PragestCMD)
refers to the set of techniques promoted to farmers since 2015 by the WAVE initiative to
reduce the spread of the virus [45]. Among these techniques, this study focused on three
key practices:

• Selection of disease-resistant varieties;
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• Regular field inspection, followed by the systematic removal of infected plants
(through cutting, burning, or burying);

• Phytosanitary treatment of cuttings, using pesticides or recommended solutions to
eliminate insect vectors, particularly whiteflies.

Farmers who adopt all three practices are classified as “adopters”. In line with previous
studies [46,47], we expect this variable to have a positive effect on cassava yield.

Table 3 shows the independent variables and their expected effects on cassava yield.

Table 3. Defining independent variables and their likely effect on yield cassava.

Variables Defining Coding Likely Effect Reference

Sex Sex of respondent 1 if male
0 if female +/− [48]

Ag Age of respondent Number of years + [49]

Alphabet The producer can read or write in
at least one local language

1 if yes
0 if not + [49]

Exp Experience in cassava production

1 if the farmer has
more than 5 years of
experience in cassava

production
0 if not

+ [50]

Apassma Membership of cassava farmers’
association

1 if yes
0 if no + [51]

Utilengch Use of chemical fertilizer 1 if yes
0 if no + [52]

Accmarch Distance from cassava field to
nearest market Km − [53]

Revglo Total household income in
previous year FCFA + [54]

These variables were selected based on the empirical literature while ensuring the
avoidance of multicollinearity in order to guarantee the robustness and reliability of
the results.

2.6. Multicollinearity Test

Multicollinearity refers to a situation where one of the explanatory variables in a
model is a linear combination of one or more other explanatory variables introduced in the
same model. The classic approach to measuring multicollinearity is to examine the variance
inflation factors (VIFs). The VIFs assess the increase in the variance of a coefficient due to a
linear relationship with other predictors. If all VIFs are equal to 1, this indicates the absence
of multicollinearity. On the other hand, if some VIFs are greater than 1, this suggests that
the predictors are correlated. If the VIFs exceed 2.5, this means that there is significant
multicollinearity [55]. This approach made it possible to include only independent variables
with low intercorrelations in the model.

2.7. Statistical Software Used

Excel software was used for the design of the figures, and Stata 16 for the
econometric analysis.
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3. Results
3.1. Descriptive Statistics

The analysis presented in Figure 2 shows that in the Guiriko region, 55% of producers
use varieties that are more tolerant to CMD, 63% regularly inspect their fields to remove in-
fected plants, and 55% treat their cuttings with the recommended solutions before planting.
In contrast, in the Nando region, 46% of producers adopt resistant varieties, 98% regularly
inspect their fields, and 71% treat their cuttings prior to planting.

Figure 2. Level of adoption of good CMD management practices.

However, the integrated adoption rate defined as the percentage of producers who
simultaneously adopted all three practices stands at 53% in Guiriko and 45% in Nando.
This indicates a higher adoption rate in Guiriko compared to Nando. This difference may
be explained by the fact that the dissemination of innovative CMD management practices
began earlier in the humid regions of the country, particularly in Guiriko, before being
extended to other regions. Producers in this area therefore had more time to become
familiar with and adopt these practices.

The analysis of Table 4 shows that producers have an average age of 44.06 years and
an average total household income of CFA 2,150,305. In this study, the total household
income was proxied by the total consumption expenditures, including both food and
non-food expenditures. This choice is grounded in the permanent income hypothesis
proposed by Friedman (1957), which posits that households base their consumption de-
cisions on their long-term expected income rather than on their current income, which
is often volatile. Consumption expenditures therefore provide a more stable and reliable
measure of living standards and economic well-being. Moreover, compared to self-reported
income, consumption data are generally less prone to measurement error and underre-
porting, particularly in rural settings where income sources are diverse, seasonal, and
largely informal.

The average distance between the fields and the nearest market exceeded 14 km.
The average cassava yield was 9312.25 kg per hectare. However, statistically significant
differences were observed between producers who adopted the improved cassava manage-
ment practices and those who did not, particularly with respect to cassava yield and total
household income.
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Table 4. Descriptive statistics of quantitative variables.

Good CMD Management Practices

Mean (Standard Error)

Guiriko Region Nando Region

Overall
Sample

Adopters
(n = 135)

Non-Adopters
(n = 121) t-test Adopters

(n = 115)
Non-Adopters

(n = 140) t-test

Ag 44.06
(0.44)

41.97
(0.95)

43.43
(1.03) 0.300 44.96

(0.77)
45.87
(0.74) 0.402

Accmarch 14.34
(0.43)

12.07
(0.97)

11.68
(0.96) 0.776 16.29

(0.73)
17.22
(0.63) 0.335

Revglo 2,150,305
(94,391.7)

1,868,352
(119,064.3)

985,572.1
(91,513.37) 0.000 2,352,789

(213,894)
3,262,525
(225,706) 0.004

cassava yield
(kg/ha)

9312.25
(243.32)

11,309.61
(247.26)

5511.27
(223.54) 0.000 13,536.59

(745.41)
7201.36
(263.56) 0.000

Standard errors are presented in parentheses.

The analysis of Table 5 shows that overall, 87.28% of the sample consisted of men,
compared to 12.72% women. Approximately 35.03% of respondents could read and write
in at least one local language. Furthermore, 40.51% had at least five years of experience
in cassava production. About 41.10% received training on cassava mosaic disease (CMD)
management, while 62.82% were members of a local cassava producers’ association. Finally,
21.61% used chemical fertilizers in cassava production.

Table 5. Descriptive statistics of qualitative variables (%).

Good CMD Management Practices

Guiriko Region Nando Region

Modalities Overall
Sample

Adopters
(n = 135)

Non-
Adopters
(n = 121)

Chi2 Adopters
(n = 115)

Non-
Adopters
(n = 140)

Chi2

Sex
Male 87.28 97.77 99.17

0.369
73.04 78.57

0.303
Female 12.72 2.23 0.83 26.96 21.43

Alphabet
Literate 35.03 7.40 8.26

0.799
30.43 37.86

0.215
Non-literate 64.97 92.6 91.74 69.57 62.14

Exp
>5 years 40.51 84.44 4.95

0.000
45.22 25

0.001≤5 years 59.49 15.56 95.05 54.78 75

Accformt
Trained 41.10 94.81 2.47

0.000
68.70 0

0.000
Untrained 58.90 5.19 97.53 31.30 100

Apassma
Member 62.82 65.18 4.95

0.000
93.91 85

0.023
Not a member 37.18 34.82 95.05 6.09 15

Utilengch
Users 21.61 55.55 9.91

0.000
17.54 2.16

0.000
No users 78.39 44.45 90.09 82.46 97.84

Regarding adoption status in the Guiriko region, 97.77% of adopters were men, a high
proportion largely explained by the predominance of men in the sample. Only 7.40% of
adopters could read and write in a local language. The majority (84.44%) had been growing
cassava for more than five years. In addition, 94.81% of adopters received training on
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CMD management, and 65.18% belonged to a local cassava producers’ association. Finally,
55.55% reported using chemical fertilizers in cassava production.

In the Nando region, 73.04% of adopters were men. About 30.43% could read and
write in at least one local language. Moreover, 45.22% had more than five years of cassava
production experience, indicating a noteworthy level of agricultural expertise. A large
majority (68.70%) received training on CMD management, and 93.91% were members
of their local cassava producers’ association, reflecting strong integration within farmer
networks. Finally, 17.54% of adopters reported using chemical fertilizers.

A comparative analysis between adopters and non-adopters in both regions revealed
significant differences in cassava production experience, access to training, membership in
producers’ associations, and use of chemical fertilizers, suggesting that these factors play a
key role in the adoption of innovative CMD management practices.

3.2. Instrument Validation Test

The analysis of Table 6 shows that the p-value of the Durbin–Wu–Hausman (DWH)
test was not significant, which confirms the exogeneity of our instrument. In addition,
the analysis of the results in Tables A1 and A2 in the Appendix shows that there was a
significant positive correlation between the instrumental variable (access to training) and
the adoption of innovative CMD management practices. In conclusion, our instrument is
therefore valid.

Table 6. Durbin–Wu–Hausman test (DWH).

Resid Coefficient Std. Err. P > |t|

Accformt 110 251 0.660
Cons −56 179 0.753

3.3. Econometric Results

Table 7 shows that the model assessing the impact of adopting these practices on
cassava yields was statistically significant at the 1% level, indicating that the coefficients
of the explanatory variables were not jointly equal to zero. The adjusted R2 value of
0.57 suggests that the exogenous variables explained approximately 57% of the variation
in yield.

Table 7. Estimation of the impact of adopting innovative cassava mosaic disease (CMD) management
practices on yield in the Guiriko region.

Variables Coef Std. Err. t P > |t| [95% Conf. Interval] Sig

pragestCMD 0.295 0.042 6.96 0.000 0.212 0.379 ***

Sex 0.042 0.080 0.53 0.599 −0.115 0.200

Ag −0.009 0.038 −0.24 0.811 −0.084 0.066

Alphabet −0.001 0.036 −0.03 0.979 −0.073 0.071

Exp −0.001 0.040 −0.05 0.961 −0.081 0.077

Apassma 0.067 0.031 2.12 0.035 0.004 0.130 **

Utilengch 0.075 0.027 2.80 0.005 0.022 0.128 ***

Accmarch 0.009 0.011 0.86 0.389 −0.012 0.031
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Table 7. Cont.

Variables Coef Std. Err. t P > |t| [95% Conf. Interval] Sig

Revglo 0.023 0.012 1.89 0.060 −0.001 0.047 *

Cons 3.606 0.088 40.68 0.000 3.431 3.780 ***

Wald test (1252) 11.59 0.000 ***

Mean dependent var (kg/ha) 8568.991 SD dependent var 3949.128

F (9246) 64.86 Number of obs 256

R-squared 0.587 Prob > F 0.000

Adj R-squared 0.572 Root MSE 0.156
*** p < 0.01, ** p < 0.05, * p < 0.1 indicates statistical significance at 1%, 5%, and 10%, respectively.

To examine whether the impact varied among adopters, a Wald test was performed.
The results led to the rejection of the null hypothesis, implying that at least one of the
explanatory variable coefficients is non-zero. This indicates that the impact of adopting
innovative CMD management practices is heterogeneous across producers, confirming the
adequacy of the model specification used in this study.

The results also show that in the Guiriko region, producers who adopted innovative
CMD management practices achieved yields that were 29% higher than those of non-
adopters. In addition to the adoption of these innovative practices, variables such as the
use of chemical fertilizers (Utilengch), membership in a cassava producers’ association
(Apassma), and household total income also significantly influenced cassava yield.

The impact analysis presented in Table 8 indicates that the statistic Prob > F = 0.0000
means that the model was globally significant at the 1% level, implying that the coefficients
of the explanatory variables were not jointly equal to zero. The Wald test, also significant at
the 1% level, confirmed that the effect of adopting these innovative practices varied across
producers. Thus, the specification of the impact model is considered appropriate.

The results further show that the adoption of innovative CMD management practices
increased the cassava yield by 41% in the Nando region. Additionally, several other vari-
ables significantly influenced the cassava yield, including the producer’s age (Ag), member-
ship in a cassava producers’ association (Apassma), and household total income (Revglo).

Analysis of Tables 7 and 8 shows that the adjusted R2 value for the Guiriko and Nando
regions was approximately 0.58 and 0.12, respectively. The relatively low adjusted R2

observed for the Nando region suggests that cassava yields there are influenced by a broader
set of unobserved or omitted factors. This difference can be explained, in part, by the
marked contrasts in agroecological and socio-economic conditions between the two regions.
Indeed, a given explanatory variable may have a significant effect on yields in the Guiriko
region without producing the same impact in Nando, due to differences in production
structures, farming practices, varietal diversity, or local environmental constraints.

To ensure comparability of estimates between the two regions, we nonetheless re-
tained an identical set of explanatory variables in the regional models, even though their
explanatory power may vary depending on the context. It is also important to emphasize
that in the context of causal analyses based on instrumental variable approaches, the main
objective is not to maximize the overall explanatory power of the model but to credibly
identify the causal effect of adopting cassava mosaic management practices. Thus, despite
a lower adjusted R2 in the Nando region, the estimates obtained remain informative and
relevant from a causal inference perspective, provided that the identification conditions
are satisfied.
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Table 8. Estimation of the impact of adopting innovative cassava mosaic disease (CMD) management
practices on yield in the Nando region.

Variables Coef Std. Err. t P > |t| [95% Conf. Interval] Sig

pragestCMD 0.414 0.066 6.27 0.000 0.284 0.544 ***

Sex 0.029 0.053 0.55 0.583 −0.076 0.135

Ag −0.360 0.128 −2.81 0.005 −0.612 −0.107 ***

Alphabet 0.028 0.061 0.46 0.643 −0.092 0.150

Exp −0.008 0.048 −0.17 0.866 −0.102 0.086

Apassma 0.334 0.072 4.62 0.000 0.192 0.477 ***

Utilengch 0.109 0.079 1.37 0.171 −0.047 0.266

Accmarch 0.056 0.048 1.16 0.247 −0.039 0.152

Revglo 0.058 0.026 2.24 0.026 0.007 0.110 **

Cons 3.621 0.156 23.11 0.000 3.313 3.930 ***

Wald test (1251) 122.961 0.000 ***

Mean dependent var (kg/ha) 10,058.43 SD. dependent var 6631.55

F (9, 243) 12.88 Number of obs 253

R-squared 0.138 Prob > F 0.000

Adj R-squared 0.116 Root MSE 0.337
*** p < 0.01, ** p < 0.05 indicates statistical significance at 1% and 5%, respectively.

The analysis of the results reported in Table 9 indicates that the adoption of manage-
ment practices leads to a statistically significant increase in yield per hectare. Specifically,
adopters experienced an average yield increase of 10.4% in the Guiriko area and 13.3% in
the Nando region, relative to the counterfactual scenario of non-adoption. These effects
were statistically significant at the 1% level. These findings are consistent with the estimates
obtained from the LATE model, which also revealed a positive impact of adoption on
agricultural yield, although the magnitude of the estimated effect was larger in that model.
The convergence of results across these two methodological approaches, one based on an
instrumental variable framework and the other relying on a doubly robust weighted esti-
mator, strengthens the credibility and robustness of the conclusions regarding the positive
effect of adopting management practices on agricultural productivity.

Table 9. Results from the estimation using the IPWRA (inverse probability weighted regression
adjustment) method.

Guiriko Region Nando Region

Rendhect Coef Std. Err P > |z| [95% Conf.
Interval] Coef Std. Err P > |z| [95% Conf.

Interval]

ATET 0.104 0.039 0.008 0.026 0.182 0.133 0.043 0.002 0.047 0.219

With a view to verifying the marginal effects of practices taken individually, Tables A3
and A4 in the Appendix present complementary estimates of the effects of the practices
considered separately. The results indicate that adopting improved varieties in the Nando
region was associated with a 37% increase in yield, while the use of plant protection prod-
ucts increased yield by 19% in the Guiriko region. Although significant, these individual
effects remained smaller than those observed for integrated adoption, empirically con-
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firming that implementing the practices jointly generates greater productivity gains than
adopting them individually.

4. Discussion
The adoption of innovative cassava mosaic disease (CMD) management practices had

a positive and statistically significant effect on cassava yield at the 1% level, indicating
that farmers who adopt these practices achieve substantially higher productivity than
non-adopters. Because the empirical strategy explicitly accounts for selection bias through
an instrumental variable approach, the observed yield gains can be credibly interpreted
as causal effects attributable to the implementation of CMD management practices rather
than to pre-existing differences between farmers. These results provide robust evidence
that integrated phytosanitary management plays a decisive role in improving cassava
productivity under smallholder conditions.

The magnitude of the estimated impact is consistent with previous empirical find-
ings highlighting the productivity-enhancing effects of disease management strategies in
agriculture. For instance, Mudare et al. [56] showed that crop rotation, commonly used
to reduce pest and disease pressure, can increase yields, improve nutritional quality, and
raise farm income by 14–27% compared with monocropping systems. Similarly, Bugingo
et al. [57] reported that seed treatment against foliar diseases improved plant vigor, reduced
morbidity, and ultimately led to higher harvest yields. Our results extend this literature by
demonstrating that in cassava-based systems, the integrated adoption of CMD manage-
ment practices yields substantial productivity gains, even in environments characterized
by informal seed systems and high disease pressure.

Grower age exhibited a negative and statistically significant relationship with cassava
yield. Although counterintuitive, this result may reflect the labor-intensive and technically
demanding nature of cassava production and CMD management. Cassava is a long-
cycle crop requiring repeated field inspections, the timely removal of infected plants, and
careful handling of planting material. Older farmers may face physical constraints that
limit their ability to implement these practices effectively. Moreover, younger farmers
may be more receptive to new information and more willing to adopt and rigorously
apply recommended practices. This finding contrasts with the positive age–productivity
relationship reported by [49], suggesting that the role of age may be context-specific and
mediated by the technical complexity of the production system.

Membership in cassava producers’ associations had a positive and significant effect on
yield, underscoring the importance of social networks and collective action in enhancing
farm performance. Farmer organizations facilitate access to information, peer learning, and
extension services, thereby reducing information asymmetries related to disease manage-
ment and input use. Through these networks, producers are more likely to learn about
CMD symptoms, recommended control measures, and improved planting material. This
result is consistent with earlier studies showing that participation in farmer organizations
enhances technology adoption and productivity through improved access to knowledge
and institutional support [51].

The use of chemical fertilizers also exerted a positive and significant impact on cassava
yield. Many cassava-growing soils in sub-Saharan Africa are severely nutrient-depleted,
which constrains root development and amplifies the negative effects of CMD infection.
Fertilizer application helps restore soil fertility and improves plant vigor, enabling cassava
plants to better withstand disease stress. This finding aligns with evidence from Central
Africa indicating that low soil fertility, combined with suboptimal management practices,
is a major driver of cassava yield losses [58]. Similarly, Bilong et al. [52] reported substan-
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tial increases in fresh tuber yield following fertilizer application in southern Cameroon,
highlighting the complementarity between soil fertility management and disease control.

Finally, total household income had a positive and statistically significant effect on
cassava productivity, reflecting the role of financial capacity in facilitating farm investment.
In contexts where access to formal credit is limited, a higher household income enables
farmers to self-finance the purchase of quality inputs, adopt improved practices, and
access agricultural services. This result corroborates the findings of [54], who showed
that wealthier households were more capable of investing in productivity-enhancing
technologies. Income therefore acts not only as an outcome of agricultural performance,
but also as a key enabling factor for the adoption and effective implementation of CMD
management practices.

Although there are slight agroecological differences between regions of Burkina Faso,
the positive impact of adopting CMD management practices on cassava yields can be
generalized. Farms share similar characteristics, and farmers face common realities: they
exchange cuttings and information, and encounter comparable challenges in accessing
resistant planting material, inputs, and agricultural information services. Thus, despite
some regional variations, the benefits of adopting these practices are likely to be observed
in other regions.

5. Conclusions
This study demonstrates that the adoption of innovative cassava mosaic disease

(CMD) management practices significantly increased cassava yields in the Guiriko and
Nando regions of Burkina Faso. Farmers who simultaneously implemented regular field
inspections, the preparation of clean planting material, and the use of resistant varieties
achieved substantially higher productivity, with adoption effects statistically significant at
the 1% level. However, while the adoption rate was higher in Guiriko, yield gains were
considerably greater in Nando. This discrepancy may be explained by the higher initial
CMD severity in Nando, diminishing marginal effects in areas where adoption began
earlier, differences in agroecological conditions, and potentially greater adoption intensity
among farmers in Nando. The results suggest that expanding and intensifying training
programs specifically focused on cassava mosaic disease management, particularly in the
Nando region, would help maximize the observed productivity gains. In addition, the
role of producer associations should be strengthened as technical intermediaries for the
dissemination of management practices and clean planting material. Finally, the joint
adoption of practices and the adaptation of interventions to local agroecological conditions
appear essential to enhance the effectiveness of CMD management strategies.

An important limitation of this study was the use of self-reported yields from farmers,
which may contain errors or overestimations, introducing potential bias in estimating the
impact of CMD management practices. Furthermore, the analysis relied on cross-sectional
data, which reflect conditions at a single point in time and do not capture year-to-year
variations or the dynamic effects of adopting these practices. These limitations should
be considered when interpreting the results. Nevertheless, despite these constraints, the
observed trends remained consistent and provide reliable insights into the effectiveness of
the practices adopted. Future research should investigate the long-term economic impacts
of adoption and assess the scalability of these practices in other cassava-producing regions.
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Appendix A

Table A1. Estimation of the determinants of the adoption of innovative cassava mosaic disease (CMD)
management practices in the Guiriko region.

Variables Coefficients Std. Err. t P > |t| [95% Conf. Interval] Sig

Sex −0.448 0.139 −3.21 0.002 −0.724 −0.173 ***

Ag −0.068 0.068 −1.00 0.319 −0.202 0.066

Alphabet 0.008 0.065 0.12 0.901 −0.121 0.137

Exp −0.029 0.102 −0.29 0.775 −0.231 0.172

Apassma −0.046 0.097 −0.48 0.632 −0.238 0.145

Utilengch 0.016 0.065 0.25 0.805 −0.113 0.145

Accmarch −0.010 0.020 −0.52 0.604 −0.050 0.029

Revglo 0.113 0.039 2.86 0.005 0.035 0.192 ***

Accformt 0.509 0.218 2.33 0.021 0.079 0.939 **

Cons 0.501 0.147 3.40 0.001 0.211 0.792 ***

Mean dependent var 0.527 SD. dependent var 0.500

F (17, 238) 91.40 Number of obs 256

R-squared 0.867 Prob > F 0.000

Adj R-squared 0.857 Root MSE 0.188
*** p < 0.01, ** p < 0.05, indicates statistical significance at 1% and 5%, respectively.
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Table A2. Estimation of the determinants of the adoption of innovative cassava mosaic disease (CMD)
management practices in the Nando region.

Variables Coef Std. Err. t P > |t| [95% Conf. Interval] Sig

Sex −0.089 0.066 −1.34 0.181 −0.221 0.041

Ag 0.362 0.151 2.40 0.017 0.064 0.659 **

Alphabet 0.007 0.076 0.10 0.923 −0.143 0.158

Exp 0.041 0.058 0.70 0.485 −0.074 0.156

Apassma 0.012 0.073 0.17 0.864 −0.131 0.157

Utilengch 0.301 0.139 2.16 0.032 0.026 0.577 **

Accmarch −0.060 0.058 −1.03 0.306 −0.175 0.055

Revglo −0.112 0.029 −3.74 0.000 −0.171 −0.053 ***

Accformt 0.955 0.455 2.10 0.037 0.057 1.853 **

Cons 0.044 0.178 0.25 0.804 −0.307 0.395

Mean dependent var 0.450 SD. dependent var 0.498

F (17, 235) 20.16 Number of obs 253

R-squared 0.593 Prob > F 0.000

Adj R-squared 0.563 Root MSE 0.329
*** p < 0.01, ** p < 0.05 indicates statistical significance at 1% and 5%, respectively.

Table A3. Impact of the adoption of improved varieties on yield in the Nando region.

Variables Coef Std. Err. t P > |t| [95% Conf. Interval] Sig

Variet 0.374 0.051 7.30 0.000 0.273 0.475 ***

Sex 0.040 0.046 0.87 0.386 −0.050 0.131

Ag −0.250 0.109 −2.30 0.022 −0.465 −0.035 **

Alphabet 0.025 0.052 0.49 0.627 −0.078 0.129

Exp 0.0003 0.040 0.01 0.994 −0.079 0.080

Apassma 0.326 0.062 5.26 0.000 0.204 0.448 ***

Utilengch 0.089 0.069 1.29 0.199 −0.047 0.225

Accmarch 0.052 0.041 1.25 0.212 −0.029 0.133

Revglo 0.024 0.021 1.15 0.252 −0.017 −0.067

Cons 3.588 0.134 26.68 0.000 3.323 3.853 ***

Wald test (1251) 41.66 - 0.000 ***

Mean dependent var (kg/ha) 10,058.43 SD. dependent var 6631.55

F (9, 243) 17.57 Number of obs 253

R-squared 0.370 Prob > F 0.000

Adj R-squared 0.347 Root MSE 0.288
*** p < 0.01, ** p < 0.05, indicates statistical significance at 1% and 5%, respectively.
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Table A4. Impact of the adoption of plant protection products on cassava yield in Guiriko.

Variables Coef Std. Err. t P > |t| [95% Conf. Interval] Sig

Phyto 0.193 0.096 1.99 0.048 0.002 0.384 **

Sex −0.031 0.090 −0.34 0.732 −0.210 0.147

Ag −0.072 0.045 −1.60 0.110 −0.162 −0.016

Alphabet 0.032 0.045 0.72 0.475 −0.056 0.121

Exp 0.169 0.035 4.81 0.000 0.100 0.239 ***

Apassma 0.094 0.036 2.60 0.010 0.023 0.166 **

Utilengch 0.081 0.030 2.65 0.009 0.020 0.142 ***

Accmarch 0.014 0.012 1.10 0.274 −0.011 0.039

Revglo 0.030 0.014 2.15 0.032 0.002 −0.058 **

Cons 3.683 0.102 35.79 0.000 3.481 3.886 ***

Wald test (1252) 29.80 - 0.000 ***

Mean dependent var (kg/ha) 8568.991 SD. dependent var 3949.128

F (9, 246) 29.09 Number of obs 256

R-squared 0.462 Prob > F 0.000

Adj R-squared 0.442 Root MSE 0.178
*** p < 0.01, ** p < 0.05, indicates statistical significance at 1% and 5%, respectively.
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