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In Céte d'lvoire, cassava is the source of calories for about 26 million people and
generates significant income for stakeholders in the value chain. However, its
production is threatened by Cassava Mosaic Disease (CMD), which causes yield
losses of up to 70%. This disease remains poorly known among farmers, who
often adopt poor cultivation practices that serve to amplify its spread. To address
this issue, the Regional Center of Excellence for transboundary plant pathogens
Central and West African Virus Epidemiology (WAVE) introduced an innovate
android based plant disease detection smart application called “PlantVillage
Nuru” to help farmers recognize the disease through real-time diagnosis in
cassava fields. The present study analyzes the perceptions and adoption rate of
this application by farmers in the diagnosis of CMD within three departments of
Cote d'lvoire. Quantitative and qualitative data were collected from 152 farmers
and agricultural technicians, using a questionnaire and interview guide in Dabou,
Bouaké and Man. Data obtained were analyzed through descriptive statistics on
SPSS and content analysis. A binary logit regression model was then used to
identify the determinants of Nuru application adoption with Stata version 12.1.
The study revealed an adoption rate of 45%, focused mainly on monitoring the
phytosanitary status of cassava fields (98%), selecting healthy cuttings as planting
materials (52%), and accessing agricultural advice (21%). The use of the Nuru
application was strongly influenced (P<0.001) by the size of cassava field owned,
respondents’ participation in WAVE cassava disease awareness activities, the use
of family labor, and whether the respondents own or received a smartphone from
WAVE. Gender, level of education, the contact with agricultural extension service
and internet access, were also significant determinants (P<0.01) in the use of the
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application. Despite the constraints of smartphone unavailability (65%) and the
complexity of using the application (41%) observed, Nuru was considered by
farmers (100%) to be an essential and reliable training tool for detecting and
managing CMD but did not appear to be needed on a sustained and regular basis.
These findings suggest the need for categorization, follow-up, and sustained
support to farmers to improve the adoption of agricultural technologies.
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1 Introduction

Cassava (Manihot esculenta Crantz) is the main source of food
for around 500 million people in Africa (Vernier et al., 2018). Cote
d’Ivoire, with an annual production of 6.9 million tons, is the third-
largest producer of cassava in the West African sub-region,
following Nigeria and Ghana (FAOSTAT, 2021). Cassava is the
second most important food crop produced and consumed in Cote
d’Ivoire after yams, providing the main source of calories for almost
26 million people (FAOSTAT, 2020). In the Ivorian context, cassava
is an essential food security commodity, providing jobs and
significant income for all stakeholders in the value chain (Mendez
del Villar et al., 2017).

However, the yield remains low compared to Ghana where yields
are three times greater (24.4 tons/hectare) than in Cote d’Ivoire (5.6
tons/hectare) (FAOSTAT, 2021). Indeed, cassava cultivation in Cote
d’Ivoire is subject to numerous biotic and abiotic constraints that affect
productivity, including Cassava Mosaic Disease (CMD), which is one
of the major threats (Brou et al, 2015). CMD is a viral disease
transmitted by the whitefly (Bemisia tabaci) and is mainly spread
through the use of infected cuttings (Njoroge et al., 2017; Soro et al,,
2021). CMD which can cause significant yield losses ranging from
40% to 70%, does not only reduce farmers’ incomes (Patil and
Fauquet, 2009), but also hinders their ability to meet the increasing
demand for cassava and its derivative products (Soro et al., 2021). The
use of healthy planting material and resistant varieties has emerged as
an alternative that could help reduce the incidence of the disease in
fields and its impact on yields and farmers’ incomes (Rabbi et al,
2014). Over the years, the International Institute of Tropical
Agriculture (IITA) and the Centre National de Recherches en
Agronomie (CNRA) have been disseminating improved cassava
varieties like Bocou 5, Yavo, Olekanga, and TMS30572 to farmers
(ANADER, 2017; Vernier et al., 2018) to mitigate the impact of CMD.

However, the lack of healthy planting material and poor farming
practices have hampered this approach. Indeed, despite their high
susceptibility to CMD, local cultivars remain popular among farmers
due to their appreciated organoleptic properties (Kouassi et al., 2018).
Moreover, farmers primarily reuse their old cuttings and/or those of
neighboring farmers to establish new fields. And they do not engage
in any sorting operations when selecting cuttings, as they lack the
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knowledge and expertise to distinguish between CMD-infected and
healthy cuttings (Djaha et al., 2018). The incidence of CMD therefore
remained preponderant in Cote d’Ivoire, with an average incidence of
49.21%" according to data from surveys carried out by WAVE
(https://wave-center.org/) in 2016, 2017 and 2020. Furthermore,
Kouakou et al. (2024) have shown that the main mode of
transmission of CMD in Cote d’Ivoire is through the use of
infected cassava cuttings for establishing new farms.

Therefore, to reduce the burden of CMD in Cote d’Ivoire, an
innovative approach is necessary for better management of the
disease. This involves enhancing the ability of farmers to identify
CMD, and to select and use symptom-free planting material. In this
regard, WAVE has been disseminating a plant disease detection
smart application, “PlantVillage Nuru” to farmers since 2020. Also
known as Cassava Disease Detection Application (CDD-APP), this
application is based on artificial intelligence and uses image
recognition to identify different types of disease, including CMD.
It enables farmers to detect the presence of diseases symptoms or
pest on the crop, give them feed-back in real time, plays the role of
teaching tool; by showing to farmers the symptoms of the disease it
has recognized and provide advice on how to manage or control the
disease or pest identified. Nuru is a public good resource built at
Penn State University and is accessible for free and gives farmers a
choice between 23 languages, including English, French and Swahili
(Mbilinyi and Mrisho, 2019).

However, its use requires the farmers to register (Country, city,
number, status in cassava cultivation, password) in order to access the
Nuru digital platform and remain connected with other members of
the community (agricultural experts, farmers, seed suppliers, etc.). The
farmer is then presented with four main options. The first one
(Proceed) enables him to analyze deeply the phytosanitary status of
one plant. In this case, he is invited by the Al to expose six different
leaves of the cassava plant (3 on the upper part and 3 on the lower part)
to the smartphone’s camera, to obtain in vocal and written form, on the
phone’s screen, the name of the disease concerned. The second option
(scout) allows the farmer to inspect the field by diagnosing series of ten

1 The percentage was calculated by averaging the surveys conducted in
2016 (45.95%), 2017 (50.32%), and 2020 (51.37%).
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plants, before receiving the results of the analysis in written and vocal
form too. In this instance, the application presents the infection rate of
the ten diagnostic plants via an image on the screen, with infected
plants displayed in black and uninfected plants in green. A third option
(Real-time diagnosis) enables the farmer to present to the camera a
cassava plant exhibiting anomalies to know its phytosanitary status on
the smartphone screen. The last option (Disease comparison) enables
farmers to capture and transfer an image of a plant exhibiting unusual
symptoms to the platform’s agricultural experts. Following a
comparison of the observed symptoms with those of other similar
diseases, the farmer will receive a response indicating the condition of
the plant in question. The plant diagnostics can be performed offline,
and the images captured by the farmer are then systematically
transferred to the PlanVillage database, for expert advice and
suggestions, when he is again connected to the Internet. Apart from
the last two options (Real-time diagnosis and Disease comparison)
when the application is used in practice, the farmer must first enter
information about the field (geographical position, date of cassava
sowing) so that agricultural experts may be able to monitor the
phytosanitary status of the field and provide the required advice in
accordance with the field characteristics. Initial experience with this
application showed that Nuru is a reliable tool for detecting CMD. It is
able to recognize CMD symptoms as well as researchers trained in
recognizing cassava pests and diseases. It is 1.5 times better than
agricultural agents and twice as good as farmers (Mrisho et al., 2020).

As with PlantVillage, which hosts the Nuru application, other
digital platforms also make use of AI for the purposes of crop
monitoring and management. In this regard, Samuels (2024)
demonstrated the effectiveness of platforms such as FarmLogs
and Climate FieldView that enable farmers to analyze vegetation
indices, detect anomalies and remotely monitor field conditions.
Thanks, to satellite imagery, drones and data analysis, farmers could
take timely action to reduce risks and optimize crop production. In
addition to Al remote sensing technologies are also employed in
the field of plant disease management. Satellite images and drones
help farmers understand their crops. They can see if pests are
damaging crops, if crops are growing well, and if their farming
practices are working. The detailed information captured through
high-resolution imagery enables farmers to make data-driven
decisions and implement targeted interventions with the objective
of maximizing productivity (Raza et al., 2023; Samuels, 2024).
Automation and robotics are also used in plant diseases
management. The use of autonomous vehicles equipped with GPS
and sensors by farmers enables the implementation of precise
navigation, field mapping, and optimized crop and pest
management practices. In this system, farmers are more able to
achieve greater precision in pest management and to enhance
productivity through the optimized utilization of resources. In a
World Bank case study for instance, Maddison (2007)
demonstrated that autonomous agricultural machines could that
way increase the speed of agricultural plantations by 15%, as well as
avoiding the various precautions farmers need to take against plant
diseases. Others study also in the same way, proved that using
computerized agriculture for irrigation and precise fertilizer
application increased crop yields respectively by 20% and 10%
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(Garcia-Vila and Fereres, 2012; Kaiser, 2023). Considering the
literature, the use of digital technology in plant disease
management allows for the following: improved resource
efficiency, enhanced crop yields and quality, sustainable farming
practices and economic benefits for farmers.

However, beyond the benefits mentioned in the literature above,
the effective use of digital agricultural technologies requires
specialized skills and knowledge from farmers and agricultural
stakeholders. As part of the deployment of the Nuru application
in Cote d’Ivoire, farmers in the departments of Dabou, Bouake and
Man were gathered in the main cassava-producing villages. They
were given smartphones after receiving training on how to use the
application. Beneficiary were then monitored and assisted by
extension officers and the WAVE project team in the use of the
application for the duration of the project. However, accessibility,
ease of use, initial equipment costs and connectivity constraints can
be major barriers, particularly for small-scale farmers in digital
agriculture technology adoption (Aubert et al., 2012; Paustian and
Theuvsen, 2017; Samuels, 2024).

Thus, three years after the diffusion of Nuru in Cote d’Ivoire as a
pilot initiative, what is the extent of the adoption of this technology
and how do farmers perceive its utilization in the identification and
management of CMD within beneficiary farming communities?
Specifically, the study aims to:

* Assess the acceptance and utilization level of Nuru
by farmers.

e Identify the barriers to the widespread uptake of
the application.

* Analyze the perceptions of farmers regarding the use of the
Nuru application in identifying and managing CMD.

The different sections of our study will be articulated around the
presentation of the methodology of the study, the main results, the
discussion, a conclusion and recommendations.

2 Methodology of the study
2.1 Presentation of the study sites

The study was conducted in three departments of Cote d’Ivoire:
Dabou in the south, Bouake in the center, and Man in the west of the
country. These departments were selected based on the importance of
cassava cultivation, and the incidence of CMD. Data was collected in 18
villages across the three departments. Table 1 presents the villages
surveyed by department. It is worth noting that these three
departments selected for this study, benefited from the “the Fonds
Competitif pour I'Innovation Agricole Durable (FCIAD) project”
entitled “Use of a smart application for participatory diagnosis and
monitoring of cassava diseases in Cote d’Ivoire” implemented by
WAVE between January 2020 and June 2021. The general aim of
this project was “to help improve cassava productivity in Céte d’Ivoire,
by monitoring and protecting the cassava crop against viral diseases”.
The selected departments are also among the main cassava production
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TABLE 1 Villages surveyed by department in 2023.

Departments Villages surveyed

Dabou Armébe, Bouboury, Kpass, Vieil Aklodj, Okpoyou,
Débrimou, N’gatty, Gbougbo

Bouake Sessenouan, Sessety, Koffikoffikro, Sinanvessou, Sakassou-
Ottokoukro, N’zanikro, Diedoukpli)

Man Gbatongouin, Douagouin, Guianlé

areas in Cote d’Ivoire (Kouassi et al.,, 2018) and have a high incidence of
CMD? (Figure 1).

2.2 Population and sampling

The “PlantVillage Nuru” digital platform tracks and records its
users. We used this platform to determine the sampling frame for
this study. Indeed, based on the list of users (farmers), we used the
simple random sampling technique to determine the number of
participants in our study in each of the department. A total of 146
farmers were contacted, including 44 in Dabou, 46 in Bouaké and
56 in Man. The selection of farmers was based on their availability
and willingness to participate in the study. Additionally, we
interviewed three (3) extension officers, one (1) IT technician,
and two (2) “FCIAD project” coordinators. This mixed method
used for this study enabled a combined analysis of quantitative and
qualitative data and allowed for a better understanding of farmers’
behavior regarding the adoption of Nuru.

2.3 Data collection and analysis

2.3.1 Data collection

Data collection was conducted in two steps. The first consisted of
re-establishing contact with the beneficiaries of the “FCIAD project”,
to inform them of this study and its objectives and to obtain their
buy-in and their consent to participate. This step took place between
June 15" to July 13", 2023. The second step involved data collection
in the selected areas which was conducted between the 1st and 26™ of
August 2023. During this step, we developed a digital questionnaire
using the Kobocollect software to survey the farmers selected for the
study. The questionnaire was structured around the following points:
socio-demographic characteristics of the farmers and their
household, agronomic parameters of cassava fields, interaction with
agricultural services, experience with the Nuru application,
determinants of its use, and level of appreciation of the application
by farmers. Additionally, data on frequency of the use of Nuru by the
respondents and the number of Nuru’s users over time were collected
from the “PlantVillage Nuru” application’s digital platform database.
Two focus groups discussions, consisting of 8 to 12 farmers each,
were conducted in each department. Furthermore, individual

2 The incidence of Cassava Mosaic Disease was determined in Dabou

(73.33%), Bouaké (53.66%), and Man (71.11%) in Cote d'Ivoire by WAVE in 2020.
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interviews were conducted with three (3) agricultural supervisors
responsible for monitoring beneficiary farmers, two (2) “FCIAD
project” coordinators, and one (1) WAVE IT technician. These
interviews provided insight into farmers’ perceptions of the
application, the conditions and constraints associated with its use,
and the various forms of assistance received by users.

2.3.2 Data analysis

The quantitative data were analyzed using descriptive statistics,
including frequency, mean, and other measures. To identify the
determinants of Nuru application use, we used the binary logit
regression model. This is a model that estimates the strength of
association between a dichotomous qualitative dependent variable
and both qualitative and quantitative explanatory variables (Gillet
et al, 2011). In this study, we chose this model because our
dependent variable, the use of the Nuru application, is qualitative
and dichotomous. It can therefore take the form yes (1) when the
farmer uses the application or no (0) when the farmer does not. The
logit model can be expressed in linear form as follows: Y is a binary
variable (yes/no) and X is an independent variable that explains Y.
Y can take the value 1 with probability P (Y=1/X) and the value 0
with probability (1-P (Y=1/X)). The model is expressed as:

P Y—1 =X
(v=5) =

Given that 7 (X) represents a probability, it must lie within the
interval [0,1]. The logit function is defined as follows: g(p) = In (1% ).

If we apply the logit function to 7 (X), the expression becomes:
g(m(X) = B0 + B1X.

The range of variation of G (1 (X)) is between —eo and +eo, while

eﬁ0+ﬁ1X

T 4 PorIX

7(X) varies between 0 and 1. Consequently, regression can be
implemented. The parameters B0 and B1 are estimated using the
maximum likelihood method. Given that the estimation of our logit
model is based on the maximum likelihood method, let P; be the
probability that the logit associates with the survey unit:

1
P.=F(Y)=—
i = F(Y) 1+e Vi

Logit (Y)=PB+ BXy+BXp+...+ BXin+&

In this context, Y; represents a vector that encompasses the
characteristics of the survey unit, its environment, and the object of
its choice. fB; represents the coefficients of the explanatory variables,
while X;, represents the explanatory variables, and &; represents the
error term. The independent variables were identified through an
analysis of empirical literature and available data. The following
variables were identified: farmer characteristics (gender, marital
status, education level, age, main activity, smartphone ownership,
internet access) (Chirwa, 2005; Alene and Manyong, 2006; Derra,
2014); field characteristics (farm type, labor type, distance from home
to field, cultivated area) (Hailu et al., 2014); and interactions with an
agricultural service (contact with a supervisory service, membership
of a cassava association, participation in cassava disease awareness
campaigns, plot visit for application testing, type of trainer, receipt of
a smartphone from the project team) (Lambrecht et al,, 2014). Data
were then analyzed using SPSS and Stata version 12.1 software.
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FIGURE 1

Map of Céte d'Ivoire showing the location of the study sites Dabou, Bouaké and Man.

Qualitative data was processed using content analysis, as
recommended by Combessie (2007). The study results were
interpreted based on Rogers” (1995) theory of the diffusion of
innovation. This theory provided a framework for analyzing the
relationship between the type, cost, and accessibility of the
smartphone required to use the “PlantVillage Nuru” application,
the conditions of use, and the actual use or non-use of this
technology by farmers.

3 Results

3.1 Socio-demographic characteristics
of farmers

The data collected showed that out of the 146 farmers surveyed,
30% were from Dabou, 32% from Bouaké and 38% from Man. The
respondents were mostly men (59%), and most were between 41
and 64 years old (61%). Additionally, 73% of the farmers
interviewed had received formal education at various levels,
including primary, secondary, and higher education. However,
secondary education was the most common level of education
among the respondents (40%). Most farmers reported being in a
relationship (65%), with cohabitation being their most common
living arrangement (49%) compared to those who were married
(16%). Moreover, 67% of those surveyed were heads of households,
with farming being their primary occupation (80%). The
respondents had an average of over 11 years of experience in
agriculture in general (74%) and in cassava growing (57%) in
particular. Out of all farmers surveyed, 40% had a smartphone
and the majority (60%) had access to the Internet. Table 2 describes
the characteristics of the groups selected for this study.
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3.2 Characteristics of farmers’ fields

To establish a correlation between farmers’ fields, their
interactions with agricultural structures, and the use of the
application, we considered additional parameters. Our
observations revealed that cassava was typically grown on small
superficies of 0.94 ha in average across all three departments
surveyed. These fields were generally personal (69%) and mainly
worked by hired labor (86%). Farmers had to travel an average
distance of 3.12 km to access these plots, whose production
represented on average 55.57% of the overall farm income
(Table 3). Regarding farmers’ interactions with agricultural
structures, data analysis revealed that 55% of farmers who
benefited from the “PlantVillage Nuru” application were not
affiliated with any agricultural organization involved in cassava-
related activities. However, 65% reported being in contact with an
agricultural service related to cassava cultivation and had
participated in WAVE’s main training activities. These activities
involved awareness-raising, targeted training, and plot visits.
Targeted training had a higher number of participants (87%).
Farmers received training on how to use the application either
directly from the WAVE team or indirectly from an extension
officer, or fellow farmer previously trained by the WAVE team.
Among the users surveyed, 77% had not received a smartphone
during the training sessions (Table 4).

3.3 Acceptance and level of use of the
application by farmers

Data collected from the “PlantVillage Nuru” platform shows
that farmers have used the application at least once in cassava fields
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TABLE 2 Characteristics of farmers surveyed.

Total Dabou Bouaké Man
Variables
Number Number Number Number

Respondents 146 100 44 30 46 32 56 38
‘ Gender

Male 86 59 39 89 38 83 9 16

Female 60 41 5 11 8 17 47 84
‘ Age

[20-40] 44 30 20 45 8 17 16 29

[41-64] 89 61 22 50 32 70 35 62

[65+] 13 9 2 5 6 13 5 9

Education level

No schooling 37 25 3 7 4 9 30 54
Literate/Koranic school 2 1 - - 1 2 1 2
Primary 36 25 4 9 14 30 18 32
Secondary 59 41 31 70 21 46 7 12
Higher 12 8 6 14 6 13 - -

Marital status

Single 17 12 7 16 8 17 2 3

Cohabiting 72 49 24 55 32 70 16 29
Married 23 16 9 20 5 11 9 16
Widowed 34 23 4 9 1 2 29 52

Head of household

Yes 98 67 39 89 29 63 30 54
No 48 33 5 11 17 37 26 46
‘ Main Activity
Agriculture 117 80 34 77 31 67 52 93
Trade 11 8 3 7 5 11 3 5
Civil service 6 4 2 4 3 7 1 2
Crafts/trade 7 5 2 5 5 11 - -
Other 5 3 3 7 2 4 - -

Years of experience in cassava growing

[1-5] 35 24 4 9 8 17 6 11
[6-10] 28 19 9 20 7 15 4 7
[11+] 83 57 31 71 31 68 46 82

Owns a smartphone

Yes 59 40 26 59 26 57 7 12

No 87 60 18 41 20 43 49 88

Has access to the Internet

Yes 87 60 37 84 31 67 19 34

No 59 40 7 16 15 33 37 66
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TABLE 3 Farms characteristics.

Total Dabou Bouake Man

Variables

Number Number Number Number
Farm type
Personal 101 69 31 70 26 57 44 78
Family 44 30 13 30 20 43 11 20
Community 1 1 - - - - 1 2
Type of labor
Salaried 125 86 33 75 36 78 56 100
Family 97 66 20 45 37 80 40 71
Community 6 4 1 2 5 11 - -
Area (ha)
Minimum 0.2 0.2 0.25 0.2
Maximum 5 5 2 4
Mean 0.94 1.21 0.89 0.78
Distance from home to field (Km)
Minimum 0.02 0.02 0.5 0.3
Maximum 15 12 13 15
Mean 3.12 2.2 3.16 3.24
Share of cassava in agricultural income (%)
Minimum 0 0.33 0 0
Maximum 100 100 100 100
Mean 56 63 42 61

since its installation. However, only 45% of beneficiaries across the
three departments reported continuing to use the application to
diagnose CMD in cassava fields, after the “FCIAD project” has
ended, while 56% stated that they had stopped using it. The analysis
also revealed a significant difference in the use of the application
between departments (P<0.01). The application was more widely
used in Dabou (61%) and Bouake (54%), while its use remained low
in the Man area (23%), as shown in Figures 2 and 3.

3.4 Mode and period of use of the
application in cassava fields

The “PlantVillage Nuru” application was used by farmers to
perform three main functions, including regular monitoring of the
phytosanitary status of fields (98%), selecting symptom-free
cuttings (52%), and obtaining agricultural advice on cassava
cultivation and CMD management methods (21%). These
different functions varied according to the different stages of
cultivation. At the start of production, the application is used to
monitor the phytosanitary status of the growing plants, with the
objective of progressively replacing those which were infected
(61%). This method gradually reduces the incidence of disease in
the field and improves yield. During the whole production cycle
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(from plant growth to maturity), Nuru is used as a tool for
monitoring the field (77%), and at the end of the campaign,
particularly at harvest time, the application is used to select
symptom-free cuttings for the coming planting season (31%).
These ways of using the application are well illustrated in the
words of one farmer:

« Even when the cassava plants get older and taller, I see
abnormal signs on the leaves, I use the app to check. If it’s
mosaic, I tie the affected plant with a distinctive colored bag and
don’t use its cuttings after harvesting »° (Figure 4).

3.5 Trend in the number of users and
frequency of use of the application

To assess the level of adoption of the “PlantVillage Nuru”
application among farmers, a diachronic monitoring of the

3 Comments collected with a farmer during the focus group held on 11/08/

2023 with the farmers of Douagouin (Man).
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TABLE 4 Farmers’ interactions with agricultural structures.

Total
Variables

Number Number

Dabou

10.3389/fagro.2024.1433204

Man

Bouaké

Number Number

Member of an agricultural organization related to cassava

Yes 66 45 5 11 7 15 54 96
No 80 55 39 89 39 85 2 4
In contact with a farming service

Yes 95 65 22 50 26 57 47 84
No 51 35 22 50 20 43 9 16
Followed activities

Awareness campaign 57 34 21 48 17 37 19 34
Targeted training 127 87 34 77 46 100 47 84
Plot visit 99 68 28 64 37 80 34 61
Trainer

WAVE team 79 54 25 57 34 74 20 36
Extension agent 50 34 23 30 23 24 26 46
Fellow Farmers 8 5 5 11 3 7 - -
Received a smartphone from the project team

Yes 33 23 13 30 17 37 3 5
No 113 77 31 70 29 63 53 95

dynamics of the number of users and the frequency of use of the
application was carried out in the three study areas. The
monitoring was conducted over six semesters in Dabou and
Bouake, and over three semesters in Man, depending on the
application’s diffusion period in the areas. The data indicated a
significant difference (P<0.01) among all three study areas for
these two parameters. Similar patterns were observed when
analyzed by department, with significant differences (P<0.05).
The number of users increased in Dabou from 5 to 47 between

the first and third semesters, and in Bouake from 10 to 25 during
the same period. In Man, the number of users increased from 6 to
14 between the first and second semesters. However, there has
been a stagnation in the number of users in Dabou (54 to 57),
Bouaké (25 to 27), and Man (14 to 16) during the last three
semesters. The frequency of use was also characterized by two
dynamics. The first to the second semester was marked by an
increase of the frequency in Dabou (7 to 36), Bouake (14 to 17)
and Man (8 to 47). This was followed by a gradual decline in

90 - Uses Nuru

80 1
70 A
60 A

50 A
40 1
30 A
20 A
10 A

Frequency (%)

OYes
BNo

Dabou

Bouaké Man

Departments

FIGURE 2

Use of the application by department. Data analyzed with Chi2 test of independence at 5% threshold.
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FIGURE 3

Geographical distribution of “PlantVillage Nuru” users by department. (A) Dabou, (B) Bouaké, (C) Man

Nuru usage modes

Frequency (%)

B Obtaining agricultural advice
B Selecting symtom-free cuttings

B Regular monitoring of the
phytosanitary status of the field

At the start of  From plant growth During the harvest

plant growth to maturity

Cultivation period

FIGURE 4
Role of the application in moments of cassava cultivation.

frequency of use over the last four semesters in Dabou (32 to 9),
Bouakeé (6 to 1) and from the second to the third semester in Man
(47 to 5). According to the farmers, this is due to the fact that:

« At the beginning, when they introduced the app, we were
getting some money to cover costs and the extension officers were
there to help us when we were having difficulties, and that
motivated us. But then they left, and all that stopped, so some
used the app less and others stopped »".

Another farmer said:

« I don’t use the app too much anymore because over time, I can
recognize on my own the cassava plants that are infected by the

mosaic »’.

4 Comments collected with a farmer during the focus group held on 02/

08/2023 with the farmers of Débrimou (Dabou).

5 Comments collected with a farmer during the focus held on 22/08/2023

with the farmers of Koffikoffikro (Bouaké).
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However, the largest number of users of the application was
registered in the department of Dabou (57), while the highest
average frequency of use of the application per beneficiary was
registered in Man (3.75) (Figure 5).

3.6 Determinants of use of the
“PlantVillage Nuru” application

To determine the factors influencing the use of the Nuru
application, correlation tests were first carried out to avoid biases
in the estimation of the model results. Then, the binary logit
regression model was performed. The results of the regression
analysis indicate that the econometric model, which includes
variables related to farmers’ characteristics, agronomic parameters
of the fields, and farmers’ interactions with an agricultural service, is
a significant predictor of the use of the Nuru application. The
pseudo R? value is 0.832, which falls within the 1% threshold. This
value indicates that 83.2% of the variability in farmers” adoption of
the application is explained by the variables included in the model.
In fact, the results of the marginal effects calculation indicate that
nine variables or factors positively influence farmers’ use of
the application.
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Trend in number of users, frequency of use and average frequency of application use by department. Data analyzed with a generalized linear model,
adapted to count data with a threshold of 5%. (A) Number of users and frequency of application use. (B) Average frequency of use of the application

in the surveyed departments. S, semester.

In terms of farmer characteristics, holding all variables
constant, the probability of a male farmer using the application
(compared to a female farmer) is around 13%. Similarly, being
educated increases the probability of using the application by 11%.
Consequently, the greater the educational attainment of the
farmer, the greater the probability of his or her use of the
application. Furthermore, smartphone ownership and internet
access also demonstrate positive associations, increasing the
probability of app use by approximately 15% and 12%,
respectively. In contrast, marital status exerts a negative
influence on the app use. The estimator for this variable is
negative, indicating that being single reduces the likelihood of
using the application by approximately 4%.

Regarding the characteristics of the field, the utilization of
family labor is assigned a positive estimator of 0.339. This value
indicates a 34% increase in the probability of the farmer using the
application if the labor used is family labor. Moreover, an expansion
in the area cultivated by the farmer to produce cassava is associated
with an increase in the probability of the farmer’s use of the
application, with an estimated increase of approximately 25%.
Consequently, the larger the field, the more likely the farmer is to
use the application. Conversely, the use of hired labor and the
distance from the house to the field were found to reduce the
probability of farmers using the application by 9.3% and 0.3%,
respectively. In other words, the probability of the farmer using the
application is reduced when the farmer and/or his family members
are not involved in field activities and the field is further from
the home.

Concerning the interaction with agricultural services, the results
indicate that the probability of farmers using the application is 17%
higher among those who are monitored and supervised by an
agricultural service compared to those who are not. Furthermore,
the probability of using the application is increased by 18% in
instances where farmers have participated in awareness campaigns
and training on cassava diseases. Moreover, the provision of a
smartphone by the project team has a positive impact, increasing
the likelihood of using the application by 15%. Conversely,
belonging to an association and having received training from a
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fellow farmer in the use of the application decreased the probability
of using the Nuru application by 2.5% and approximately 6%,
respectively (Table 5).

3.7 Main constraints associated to the use
of the “PlantVillage Nuru” application

The farmers were interviewed to identify the constraints they
encountered in using the application. After the interviews, it was
found that the lack of personal smartphones among the farmers
(65%) and the perceived complexity of the Nuru application (41%),
particularly the various steps that the user needs to follow, hindered
its usage. The statements collected from a farmer reveal more
information, as follows:

« Here in the village, we use basic mobile phones since
smartphones are too expensive for us. Even those who have
them often struggle to fill in the required fields correctly before
reaching the plant diagnostic phase »°.

According to other farmers, this situation is caused by the
failure to install the application (33%), mainly due to poor quality of
internet service in their locality, loss, or withdrawal of the
smartphone by the project team (11%) for non-compliance with
obligations, and some observed malfunctions (6%) during the use of
the application. The latter case is illustrated by the statement of one
respondent below:

« At the beginning of its release, the application encountered

some technical issues, including incompatibility with certain

6 Comments collected with a farmer during the focus group held on 03/

08/2023 with the farmers of Bouboury (Dabou)
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TABLE 5 Description of Nuru application usage drivers.

Marginal

Variables Odds. Ratio | Std. Err. [95%Conf. @ Interval]

effects (dy/dx)

Farmers’ characteristics

Gender (male) 0.126 21.959 0.049 2.550 0.011** 0.029 0.222
Marital status —-0.039 .385 0.045 -0.860 0.388 —-0.127 0.049
Head of household 0.029 2.061 0.047 0.620 0.533 -0.063 0.122
Scholarized 0.110 14.804 0.045 2.450 0.014** 0.022 0.197
Age 0.035 2.37 0.059 0.590 0.552 -0.081 0.151
Agriculture as main activity 0.078 6.783 0.054 1.440 0.149 -0.028 0.184
Owns a smartphone 0.148 38.087 0.048 3.110 0.002** 0.055 0.242
Has access to internet 0.121 19.576 0.059 2.040 0.041** 0.005 0.237

Farms' characteristics

Farm type 0.115 2.044 0.075 1.540 0.124 -0.031 0.261
Hired labor -0.093 562 0.069 —-1.340 0.180 —-0.228 0.043
Family labor 0.339 8.226 0.101 3.350 0.001*** 0.140 0.537
Community labor 0.203 3.526 0.183 1.110 0.268 -0.156 0.561
Distance from house to farm -0.003 .98 0.012 -0.270 0.785 -0.027 0.021
Acreage used (ha) 0.247 4.66 0.034 7.360 0.000*** 0.181 0.313

Interaction with agricultural service

Monitored by an extension officer 0.166 15.173 0.079 2.110 0.035** 0.012 0.320
Member of a cassava association -0.025 .667 0.045 -0.550 0.583 —-0.113 0.063
Participated in awareness campaign 0.183 20.004 0.055 3.320 0.0017* 0.075 0.291
Participated in plot application tests 0.034 1.736 0.047 0.720 0.473 -0.058 0.125
Trained by an extension officer 0.017 1.311 0.049 0.340 0.736 -0.079 0.112
Trained by a fellow farmer -0.056 399 0.087 -0.640 0.520 -0.227 0.115
Trained by the WAVE team 0.116 6.687 0.076 1.530 0.126 -0.032 0.264
Received a smartphone 0.153 12.387 0.039 3.950 0.000*** 0.077 0.230
from WAVE

Mean dependent var 0.418 SD dependent var 0.495
R-squared 0.832 Number of obs 146
F-test 27.783 Prob > F 0.000
Akaike crit. (AIC) -6.915 Bayesian crit. (BIC) 61.708

0 pe 01, p<.05, * p<.l.

smartphone brands, the failure to implement updates, and the 3 8 Perceptions of farmers regarding the
mishandling of the application by some users. The users were  yse of Nuru in the diagnosis of CMD

slightly disrupted, but with the instructions we provided, the

situation improved over time »” (Figure 6). Based on the data collected, it appeared that the “PlantVillage
Nuru” application was positively appreciated by farmers. The
majority (59%) found it to be very reliable or reliable (41%) as it
consistently recognizes Cassava Mosaic Disease during diagnoses
(93%). To this end, 46% of the users were satisfied, and 54% were
very satisfied with the application’s performance. Most farmers
(66%) stated that the application is necessary for the cultivation and

7 Comments collected with a WAVE trainer during the interview conducted
on 12/10/2023.
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FIGURE 6

Constraints related to the use of the Nuru application observed by farmers

management of cassava-related diseases, with 34% even considering
it indispensable. However, the great majority (97%) of these farmers
considered that further training was necessary for better use of
the application.

4 Discussion

The aim of this study was to analyze the perceptions and the level
of adoption the Nuru application by farmers in the diagnosis of CMD
within the study sites. The analysis of the characteristics of the cassava
farmers and plots, their interaction with agricultural services, and
determinants of the use of the application, including the difficulties
encountered by the farmers with this technology and its appreciation,
allowed us to arrive at the following interpretations.

4.1 Characteristics of cassava farmers
and plots

The study results suggested that cassava cultivation in our study
areas was dominated by men. This situation can be justified by
customary law, which makes the son or nephew the heir and
legitimate landowner (Mendez del Villar et al., 2017), particularly
in our study sites. In addition, the high market value acquired by
cassava in recent years in Cote d’Ivoire could also contribute to this
situation. However, there is a low interest in this culture among the
younger population (30%), which is mostly controlled by relatively
older individuals (61%). Despite their age, farmers have a high level
of education, which could be explained by the beneficiaries’
selection process which targeted literate farmers to ensure the
successful use of the application. Most farmers were heads of
households and lived as a couple (married or cohabiting). This
allows the sharing and reduction of workload according to the
activities to be carried out along the production chain. In the
specific case of this study, the activities include ridging, planting,
weeding, regular monitoring of the phytosanitary status of the
cassava plants, uprooting, destruction, replacement of infected
plants, harvesting, and selection of cuttings for the new crop year.
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Additionally, it was observed that most of the respondents had over
ten years cassava cultivation experience. These socio-demographic
characteristics were previously observed by Houngue et al. (2018),
Kouassi et al. (2018), and Frimpong et al. (2021) with cassava
farmers in Cote d’Ivoire, Benin, and Ghana, respectively. However,
in the Beninese context, a difference was identified regarding the
level of education, with the majority (74,9%) of farmers who
were illiterate.

In addition to these aspects, it appeared that farmers are not
very organized in associations, especially in the southern (Dabou)
and central (Bouakeé) departments where cassava is grown
individually or within the family. Similar results were observed by
Yabi et al. (2016) on the study of the adoption of agricultural
technologies in Benin, and Issoufou et al. (2017) with millet farmers
in Niger. While in the case of Ghana, Frimpong et al. (2021) showed
in their results that 77.7% of the surveyed cassava farmers belonged
to an agricultural organization. Our results also showed that most
farmers (65%) remained in contact with an agricultural service
because of the various projects initiated in the agricultural sector in
general and in cassava cultivation in particular. This rate remains
significantly higher than those observed by Awotide et al. (2012)
with rice farmers in Nigeria (13%) and Issoufou et al. (2017) in
Niger (31.48%). Cassava acreage remain small (0.2 to 5 ha), with a
mean cultivated area of 0.94 ha. These results confirm those of
Djaha et al. (2018) and revealed a slight decrease compared to
Kouassi et al. (2018), who observed cassava cultivated areas ranging
from 0.33 to 8 hectares with an average of 1.45 hectares in the main
cassava production areas of Cote d’Ivoire.

4.2 Level and determinants of adoption of
the “PlantVillage Nuru” application

Our results showed a 45% adoption rate of the Nuru application
across the study sites. The highest adoption rates were recorded in
Dabou (61%) and Bouake (54%) while Man recorded the lowest rate
(23%). This difference could be explained by the fact that the
application was more recently introduced in the Man area (18
months before the survey) compared to Dabou and Bouake where it
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was deployed much earlier (36 months before the survey). It also
appeared that the number of users and the frequency of application
usage have been consistently increasing during the initial stages of
dissemination of the application (semesters 1, 2, and 3). This
evolution can be attributed to the continuous presence,
monitoring, and support provided by extension officers. Then,
from semesters 3 to 6, a stagnation in the number of users and a
significant and continuous decrease in usage frequency were
observed across all study areas due to the withdrawal of extension
officers and the end of user support and assistance. These results
confirm those of Aitchedji et al. (2010) and Tesfaye et al. (2016),
who have already shown in Nigeria and in Ethiopia that the
frequency of contacts between farmers, extension services, and
the project team has an impact on the adoption of agricultural
technologies. In the case of Nuru, the decline observed in the use the
technology, could also be explained by the fact that, with some
farmers the application strengthened the ability to recognize CMD
autonomously, so it was no longer needed to identify diseased
plants. In this context, the application would be more suited to
periodic use. It could be used as an aid for early identification of
CMD at the start of cassava plant growth, and for disease
prevention when selecting cuttings for harvest. This approach
could help overcome the constraints associated with permanent
adoption, and the withdrawal of the project team, which puts an
end to assistance to farmers.

The analysis of socioeconomic factors indicates that gender, level
of education, smartphone ownership, and internet access were
determinants in the use of the application, with highly significant
(P<0.01) differences. Men who were more educated, owned
smartphone and have internet access were the ones who used the
application the most. Indeed, the application’s functionality requires a
fundamental level of literacy among farmers to ensure comprehension
of the instructions provided by the device. Similarly, Nuru’s efficacy
hinges on the quality of the phone’s camera resolution and the
necessity of internet access to transfer images captured during
diagnosis. For farmers in general and women in particular, this
renders Nuru a complex and costly tool to use. These results
corroborate those of Tesfaye et al. (2016), who previously revealed
that men are more favorable in adopting innovations than women,
who remain slower in deciding to adopt new technologies and
remained less able to support the cost related to its use.

Regarding agronomic parameters, the use of the application by
farmers was determined by the cultivated area and the type of labor
(family) used, with highly significant differences (P<0.001)
respectively. Therefore, the larger the cultivated area, the more
farmers use the application. Aitchedji et al. (2010) arrived at the
same conclusion, indicating that the greater the space allocated to
agricultural production, the more likely innovations in disease
management are to be adopted. In the case of Ethiopian farmers,
this variable increased the intensity of adoption of the Xanthomonas
Wilt disease control strategy for enset (Ensete ventricosum). Similarly,
family labor encourages the use of the application, which is a personal
choice of the farmer, and their willingness to monitor the
phytosanitary status of their field. This contrasts with community
and salaried labor, who have no interest in it (Jogo et al., 2013).
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Farmers’ interactions with agricultural structures were just as
determining in the adoption of Nuru. The use of the application was
indeed significantly associated with participation in WAVE’s
cassava disease awareness and training campaigns, receiving a
smartphone from the project team (P<0.001), and having contact
with an agricultural service (P<0.01). These data showed the
influence of agricultural structures in the adoption of innovations,
through the knowledge disseminated to farmers during training
sessions, the discovery through learning that they generate
(Mfitumukiza et al., 2017).

However, the application’s characteristics and the cost of use
(purchase of a smartphone and internet credits) have had a negative
impact on it use. 41% of non-users found the application complex
(downloading, installing, registering on the Nuru platform,
correctly filling in the required fields before use) and the majority
(76%) did not have a smartphone for this purpose. These results
support those of Sennuga et al. (2020) on the impact of Information
and Communication Technologies (ICT) on small-scale farmers in
northern Nigeria. The authors demonstrated that the unavailability
(79.6%) and high cost of ICT devices (72.9%) coupled with the
extremely low incomes of farmers constituted a major constraint to
the adoption of this technology. However, the “PlantVillage Nuru”
application remained positively perceived and highly appreciated by
users (100%) for the reliability of its diagnostic results, as previously
stated by Mrisho et al. (2020). They indicated that Nuru’s accuracy
in recognizing CMD symptoms is like that of researchers, but 1.5
times higher than that of extension officers and two times higher
than that of farmers.

The results of this study showed that the “PlantVillage Nuru”
application is an important technological innovation to improve
cassava production in Cote d’Ivoire. It strengthens farmers skills in
CMD identification and management. However, its adoption rate
remains moderate overall in the dissemination areas, where it is
mainly used by farmers for monitoring the phytosanitary status of
fields and managing Cassava Mosaic Disease. Its use is influenced
by some characteristics of the farmers, the agronomic parameters of
the cassava fields and farmers’ interactions with agricultural
structures. Our study shows the need to categorize the farmers by
taking in account the characteristics above, to optimize their use of
this new technology. Over time, the number of users and frequency
of use of the application decreased in all study sites after the project
team’s withdrawal. Similarly, the characteristics of the application,
as well as the conditions and costs associated with its use, constitute
a major obstacle to its use and widespread adoption. Prolonged
follow-up, characterized by regular assistance and the establishment
of a continuous exchange platform between beneficiaries and the
project team, is necessary to ensure the sustainability of the
application’s use and to promote its definitive adoption by
farmers. Despite these constraints, farmers have a positive
perception of this technology, considering it as an essential tool
in managing Cassava Mosaic Disease due to its reliable diagnostics
and agricultural advice. However, the application is only an aid to
disease identification, and while it certainly indicates the methods to
be followed, it is no substitute for human intervention. It’s up to the
farmer to decide whether to follow the application’s advice. That’s
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why, in addition to training on the disease and disseminating the
application, it’s necessary to provide farmers with healthy planting
material and develop cassava varieties that are resistant to the
disease. Moreover, comparative study between beneficiary and
non-beneficiary areas, focusing on parameters such as the
incidence of CMD, yield, and income, could help to assess the
impact of the use of this application on the well-being of

cassava farmers.
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