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Abstract
Purpose  The challenges facing market vegetable production in Côte d’Ivoire, which have resulted in the use of high doses 
of phytosanitary products and a decrease in soil fertility, have also encouraged the adoption of agroecological practices. The 
aim of this study is to identify the environmental impacts of market vegetables production systems and determine farmers’ 
motivations for adopting agroecological practices in different production contexts, by means of combined environmental 
and economic analyses.
Material and methods  The environmental analysis was based on LCA of individual technical itineraries (ITKs). Comparisons 
of ITKs’ impact scores, across different groupings and classifications of ITKs, were tested for significance using statistical 
methods such as ANOVA. Correlation among yield, gross margin, and the phytosanitary use intensity gradient was also 
tested. The econometric analysis used a multinomial logistic regression to estimate the effect of the different socio-economic 
factors on Ivorian producers.
Result and discussion  For all crops confounded, only the phytosanitary use class was associated with barely significantly 
different impact scores, while the city of origin was almost significant and seasonality was not significant. Correlations were 
found between the decision to adopt various practices and explanatory variables such as level of instruction, national origin, 
age, and gender. Further factors, such as technical and financial support from external actors, may explain farmers’ decision 
to adopt more than six agroecological practices.
Conclusions  Environmental impacts of market vegetable crop production in Côte d’Ivoire appear to be determined, to a 
certain extent, by the intensity of phytosanitary inputs and the geographical location (city). The (self-declared) level of adop-
tion of practices considered as agroecological is not a good predictor of environmental impacts but seems to be correlated 
with yield. The rationales of adoption of agroecological practices, as well as the associated human health and environmental 
benefits, should be further explored.

Keywords  Market vegetables · Life Cycle Assessment · Agroecological practices · Decision of adoption · Developing and 
emerging economies
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1  Introduction

1.1 � Vegetable production in Côte d’Ivoire: 
challenges

The current status and challenges of vegetables production 
in Côte d’Ivoire were recently described in Dosso et al. 
(2024). The sector has the potential to contribute to mul-
tiple Sustainable Development Goals (SDG) (FAO 2023), 
including but not limited to SDG 2: zero hunger, SDG 8: 
decent work and economic growth, and SDG 13: climate 
action, through the implementation of feasible and cost-
effective pathways (Malekpour et al. 2023) such as those 
associated with the agroecological transition.

Vegetable production in Ivory Coast is dominated by 
small farms that supply the market with diverse produce. 
This activity generates income for producers and provides 
them with financial autonomy (Silue 2016; AGRA 2021). 
The sector meets nonetheless several challenges, includ-
ing the appearance of diseases and pests, depletion of soil 
fertility, and limited access to high-quality seeds (de Bon 
et al. 2019). To protect their crops from pests and diseases, 
Ivorian producers use high doses of synthetic pesticides, 
to avoid the risk of losing production. These poor phy-
tosanitary practices are common (Sika 2020; Oula et al. 
2021). Moreover, product quality is impacted by the use 
of unregistered pesticides and not complying with recom-
mended doses (Mambe-Ani et al. 2019).

Moreover, a generalised decrease in soil fertility 
in the country has been caused by mineral fertilisation 
and repeated use of soils, combined with reduced fallow 
durations (Oula 2021). All regions of the country feature 
low crop yields (de Bon et al. 2019), inclusive in com-
parison with neighbouring countries (Dosso et al. 2024). 
Imports reaching 25% offset the difference between supply 
and demand (AGRA 2021). In urban and suburban (i.e. 
periurban) areas, agricultural plots are still occupied by 
renting and squatting, which are the main modes of occu-
pation (Tano et al. 2012; Yeo et al. 2022). These informal 
agreements do not guarantee the producers land security 
(Koffi-Didia 2015), which would enable the adoption of 
more sustainable agricultural practices in the long term. 
Regarding the levels of technicity, the material used by 
processors is fairly basic and very few products are actu-
ally transformed (Bancal and Tano 2019).

1.2 � Complementarity and scale of environmental 
assessment

As discussed in Dosso et al. (2024), there is growing inter-
est in agroecology as a means of moving towards more 

sustainable farming and food systems, including in the 
context of the African and Ivorian market vegetables pro-
duction (AFSA 2016). However, evidence of the contribu-
tion of agroecology to sustainability remains fragmented 
due to the heterogeneity of methods and data, different 
scales and timeframes, and gaps in knowledge. A wide 
variety of frameworks and methods have been developed 
to assess the sustainability and/or agroecological tran-
sition (i.e. the state of progress towards achieving the 
principles of agroecology) and/or sustainable intensifica-
tion of farming systems at different scales (Mottet et al. 
2020). A general feature across sustainability frameworks 
is the simultaneous consideration of environmental and 
socio-economic impacts, as recommended for instance by 
the widely used Value Chain Analysis for Development 
(VCA4D) methodology (Fabre et al. 2021), previously 
applied to African market vegetable value chains (Avadí 
et al. 2021).

Agroecology implies practices that are often conceived 
and implemented—or that depend on dynamics—at a 
“meso” organisational scale, e.g. at the farm scale rather 
than smaller scales such as the plot or field (e.g. cropping 
system), or larger scales such as the agricultural region 
(Dalgaard et al. 2003; Puech et al. 2021; Belmin et al. 
2022). For instance, reducing chemical pesticides on a 
specific crop may depend on other practices such as inter-
cropping and the use of service plants, while partial sub-
stitution of synthetic fertilisers may depend on crop rota-
tions, catch crops, and fallows, among other techniques. 
Some of these practices span several crop cycles, or make 
sense at the larger farm scale. Nonetheless, the bulk of 
this work is based on data obtained at the “technical itin-
erary” level (i.e. the combination of techniques used on 
an agricultural plot to produce a product given specific 
constraints; a technical description of an individual dis-
tinctive cropping system) rather than at the farm level 
(i.e. an exploitation managed by the same producer and 
featuring one or plus technical itineraries), because more 
often than not Ivorian vegetable producers are actually 
producers of specific crops, under a monoculture logic 
(Dosso et al. 2023).

This work focuses on the environmental assessment of 
the Ivorian market vegetables production in a context of 
an incipient agroecological transition, complemented by 
a socio-economic assessment aiming, among other objec-
tives, to understand the rationales for the adoption of agro-
ecological practices. The main goal of this work is thus 
to identify potential differences in environmental impact 
intensity explainable by the different strategies adopted by 
Ivorian market vegetable producers, with a focus on agro-
ecological practices, mostly at the cropping system level, 
as well as on the drivers for the adoption of said practices.
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2 � Material and methods

The environmental analysis was based on LCA of indi-
vidual technical itineraries (ITKs), classified and grouped 
according to different criteria, namely: season of produc-
tion (wet vs. dry season), city or origin, type of loca-
tion (urban, rural, suburban), self-declared system type 
(conventional vs. transitioning to agroecology), specific 
crop, dominance of mineral vs. organic fertilisation, and 
intensity of use of synthetic phytosanitary products (four 
pseudo-logarithmic classes, to illustrate the intensity of 
phytosanitary use: 0, ≤ 1, ≤ 10, and > 10 kg active sub-
stances/ha). No virtual representative systems (e.g. Avadí 
et al. 2018) were defined.

Comparisons of ITKs’ impact scores, across different 
groupings and classifications of cropping systems, were 
tested for significance using basic statistical methods, such 
as ANOVA. Data on the adoption of different practices 
considered as agroecological, at the farm level, were com-
bined into a “score of adoption of agroecological prac-
tices” and contrasted with impact scores at the same scale 
(computed as the mean of the different ITKs present per 
farm, because the original data collection was not exhaus-
tive to all crops per farm), and the correlation between 
practices and impacts statistically tested for significance. 
The score of adoption of agroecological practices, despite 
being computed from ITK data, includes farm-level adop-
tion of certain practices that are conceived at that level, 
as part of the surveys collected data pertaining the farm. 
Practices considered as agroecological were as follows: 
associated animal husbandry, mixed farming, crop asso-
ciations, crop rotations, concentrated vs. dispersed crop 
installation, service plants, insect nets or shelters, use of 
biopesticides, use of organic fertiliser, use of mulching, 
and fallows: on a scale of 0 (no adoption) to 3 (strong 
adoption) (Dosso et al. 2024).

The socio-economic implications of strategic choices 
found to be determinants of significantly different envi-
ronmental impacts were summarily explored. A detailed 
socio-economic analysis of the sector is the subject of a 
follow-up article by our team.

2.1 � Data sources and tools

Hundreds of field surveys on operative, social and eco-
nomic aspects were conducted by the MARIGO project 
(see Acknowledgements) in the period 2021–2022, repre-
senting in excess of 800 individual ITKs and > 400 farms 
in urban, rural and suburban areas around four Ivorian cit-
ies (Abidjan, Yamoussoukro, Bouaké and Korhogo). The 
resulting dataset (Avadí and Dosso 2023), where data were 

normalised per hectare, was used to establish a typology of 
agricultural systems (Dosso et al. 2024) and, in this work, 
to inform a detailed environmental analysis. The dataset 
A, based on two surveying campaigns, includes inventory 
and management data as well as economic data featuring 
operational costs, revenues and gross margins. There was 
partial overlapping between 2021 and 2022 producers, but 
each ITK is independent, as the same producer installed 
different crop systems across years. The data is sufficiently 
detailed regarding dates and cropping seasons to discrimi-
nate individual ITKs.

A third survey was conducted to collect data on farmers’ 
motivations to adopt one or more agroecological practices. 
Socio-economic data were obtained from 43 farms in the four 
suburban and urban areas of interest. The producers were 
selected according to their progress towards agroecology in 
the first two waves of surveys. Questions on farm charac-
terisation, knowledge of agroecological practices and adop-
tion decisions provided an important source of primary data 
for further socio-economic analysis, under the form of an 
additional dataset B (Avadí et al. 2024). There are partial 
overlaps between both datasets. Dataset B was not used in 
this work but will be used in an upcoming article by our team.

The French Agricultural Research Centre for Interna-
tional Development (CIRAD) LCA research infrastructure 
(Biard et al. 2011) was used for LCA computations, com-
plemented with ELDAM (Coste et al. 2021), PestLCI (Dijk-
man et al. 2012) and R (R Core Team 2020). SimaPro, as 
implemented in the CIRAD LCA research infrastructure, 
was used for managing life cycle inventories and comput-
ing impacts. The Product Environmental Footprint method 
(Zampori and Pant 2019) was retained as the main method: 
EF 3.1 (Andreasi Bassi et al. 2023). Certain analyses were 
conducted on results based on ReCiPe 2016 Endpoint (H) 
V1.07/World (2010) H/A (Huijbregts et al. 2016).

For background data, ecoinvent processes and elementary 
flows tailored for Côte d’Ivoire (e.g. water and electricity 
supply and land use change) were retained.

2.2 � Goal and scope

The LCA study had the goal of identifying hotspots in mar-
ket vegetable production systems, as well as identifying sig-
nificant differences regarding environmental impacts across 
different production contexts within Côte d’Ivoire. Notably, 
find out whether systems labelled as “in transition towards 
agroecology” by the producers feature different impacts than 
those labelled as “conventional” The differences between 
conventional and agroecological systems are thoroughly 
described in Dosso et al. (2024), and the practices accept-
able by agroecology and other strategies towards sustainable 
agriculture are listed in (Vermeire et al. 2024).
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Two functional units were retained: 1 kg of product and 
1 ha of product system during one cropping season.

2.3 � Building life cycle inventories and interpreting 
impacts assessment

The dataset of farm survey data was used to construct an 
inventory file describing all inputs and outputs associated 
with each ITK, including direct field emissions. The latter 
were computed using context-optimal models, as recom-
mended in (Basset-Mens et al. 2021), and those emissions 
associated with pesticide application were modelled with 
PestLCI, through its online batch computation capabilities 
(https://​pestl​ciweb.​man.​dtu.​dk/​batch​calcu​lation).

Once the inventory file was ready (Supplementary Mate-
rial), it was used to construct a generic model in SimaPro, 
which was exported as an Excel file and transformed into an 
ELDA file with ELDAM. An R script (Supplementary Mate-
rial) was coded and used to replicate the template ELDA file 
by updating each instance from the inventory file, where 
each column represents an individual ITK. The resulting 
set of ELDA files was reimported into SimaPro to produce 
~ 800 individual processes. The process is depicted in Fig. 1.

As recommended in (Basset-Mens et  al. 2021), and 
despite the technical limitations of most direct field emis-
sion models in tropical contexts (Avadí et al. 2022), sim-
ple models were retained for N and P emissions (Foster 
2005; Prasuhn 2006; Hergoualc’h et al. 2019; Hutchings 
et al. 2019), namely IPCC 2019 for NO3, N2O, NOx and 
CO2 from urea application; EMEP/EEA 2019 for NH3; and 
RUSLE 2 with SALCA-P for P. The main rationale behind 
such choice was the sheer number of systems to be modelled 
and the perceived higher contribution of pesticide emissions 
to environmental impacts in the Ivorian market vegetable 
value chain (Dosso et al. 2024).

Regarding pesticide emissions, the conventional assump-
tion that 100% of applied pesticides end up in the soil com-
partment was replaced by the treatment proposed by the 
OLCA-Pest project (Nemecek et al. 2022). Under this para-
digm, the primary distributions of applied pesticides were 
computed using PestLCI, in such a way that the mass of 
applied pesticides was modelled as follows:

•	 The primary distribution to air ends up in the compart-
ment “air, low population”, except for urban agriculture 
in Abidjan, where it ends up in the compartment “air, 
high population”.

•	 The primary distributions to soil and crop end up in the 
compartment “soil, agricultural”.

Fig. 1   Data management strategy to generate agricultural LCIs in 
batch

https://pestlciweb.man.dtu.dk/batchcalculation
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•	 The primary distribution to off field ends up in the 
compartment “water, river” in cases where irrigation is 
sourced from water surfaces (as irrigation of vegetables 
is very intensive in Côte d’Ivoire), and in “soil, agricul-
tural” in cases where irrigation is sourced from wells.

Impacts were computed by means of the EF 3.1, in terms 
of both midpoints and damage indicators (single score). Data 
uncertainty, including that due to natural variability, was 
integrated by computing individual ITK impacts, and retain-
ing central tendency statistics such as means and medians.

2.4 � Socio‑economic analyses

In addition to an economic analysis based on farm accounts 
to compare conventional and agroecological practices, we 
are interested in the various factors (economic and social) 
that may hinder the adoption of agroecological practices. 
Explanations were sought regarding the intensive and sys-
temic use of phytosanitary, through the accounts-based 
analysis and an econometric analysis.

The accounts-based economic analysis was based on sta-
tistical analysis with Spearman’s correlation coefficient, to 
verify correlation among yield, gross margin and the phy-
tosanitary use intensity gradient. The correlation analysis 

was carried out using R version 4.3.0. Gross margins were 
computed as the difference between total sales and total 
expenses, including amortisation of capital goods.

The econometric analysis used a multinomial logis-
tic regression to estimate the effect of the different socio-
economic factors on Ivorian market vegetable producers 
(Greene et al. 2011; Bourbonnais 2021).

Let Y∗ be a continuous latent variable measuring the dif-
ferent level of adoption of agroecological practices (Eq. 1):

where y∗
i
 is the latent variable for individual i, x

1
 … xk are 

the explanatory variables with coefficients � that influence 
y∗
i
 and ei is the error term. The decision model is based on 

the different values (V) of y∗
i
 corresponding to the intervals 

or different threshold parameters C
1
 … Cv  determining y∗

i

(Eq. 2).

Let Pi be the probability of occurrence of each event for 
individual i (Eq. 3):
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The coefficients � of the model are estimated by maxi-
mum likelihood, with F the function of distribution of the 
normal or logistic probability distribution is (Eq. 4).

The different explanatory variables x are the age of 
the farmer (age), the gender of the farmer (gender), the 
number of family members (family); the number of adults 
in the family (adultes); the level of instruction (instruc: 
Unschooled = 1, Primary school = 2, High school = 3, 
University = 4), membership of an organisation of farm-
ers (organiza), being autochthone or not (origin), being 
located in urban, suburban or not (location), property right 
(property), level of income (income), the area of the farm 
(area), and the impact of chemicals on human health and 
the environment (singlescore).

(4)F(t) =
et

1 + et
and

∑V

i=0
Pi = 1

3 � Results and discussion

3.1 � Inventory analysis

Based on dataset A, the resulting life cycle inventories 
were classified and summarised following various cri-
teria and statistics, to extract a priori hints on potential 
differences across cities, location types, crops, seasons, 
etc. Disaggregation by geography (Table S1) and crop 
(Table S2) suggest certain apparent differences in yields 
and input intensities. The input intensity (synthetic fer-
tilisers and phytosanitary products) varies significantly 
(one-way ANOVA, p-value < 0.05) across crops, with 
“European” (i.e. non-West African and imported culti-
vars (Bancal and Tano 2019)) crops among the top 5 
crops receiving the highest amounts of synthetic inputs 
(Table 1).



	 The International Journal of Life Cycle Assessment

In Korhogo, the main source of water for domestic and agri-
cultural needs is wells (Yapo et al. 2016). Watering crops is 
manual by means of cheap watering cans (Coulibaly 2017), 
which limits the water supply to crops.

Market gardening is heavily practised by non-nationals in 
the urban areas of Yamoussoukro and Bouaké. These produc-
ers occupy the land by squatting despite urban pressure (Tano 
et al. 2012; Kra 2018). The most commonly used areas are low-
lying ones, the banks of urban lakes and other areas declared 
unsuitable for building. These individuals have no access to 
land beyond squatting or short-term renting and therefore have 
difficulty finding good, free, irrigable land. The lack of land 
means that they grow a lot of leafy vegetables (lettuce, cabbage, 
spring onions, African leafy vegetables), which allows them to 
make the best use of the land (de Bon et al. 2019).

Market gardening is mainly performed by women in 
Korhogo (Traoré 2022). Difficult access to land has enabled 
them to organise themselves and buy land in groups. By 
dividing and subdividing the land, each woman can have a 
portion on which to produce. Customary laws are not favour-
able to land acquisition (Akpa 2022).

At the farm level, the analysis of the variable score of 
adoption of agroecological practices showed that most pro-
ducers adopted at least one practice, with 20% of them (all 
cities confounded) featuring a score higher than the mean 
(8.4 ± 4.5) or the median (8.0) score. Abidjan features the 
lowest mean score (6.9) and Korhogo the highest (10.5), 
out of a maximum possible score of 34, representing the 
optimal adoption of all retained agroecological practices. 

The adoption of practices seems to follow a lognormal dis-
tribution (Supplementary Material), typical of industrial 
and agricultural efficiency metrics, including LCA data, as 
well as of natural phenomena (Limpert et al. 2001; Diwakar 
2017; Andersson 2021; Heijungs 2023). Moreover, from a 
sample of 274 producers in dataset A, 79% of them consider 
vegetable production as their main economic activity, 36% 
of whom perform another income-generating activity.

3.2 � Impacts analysis and interpretation

Crop systems, including their associated impact assessment 
results, were classified and summarised following various 
criteria and statistics. The classification criteria were sea-
son of production, city or origin, type of location (urban, 
rural, suburban), self-declared system type (conventional 
vs. transitioning to agroecology), specific crop, dominance 
of mineral vs. organic fertilisation, and intensity of use of 
synthetic phytosanitary products (four pseudo-logarithmic 
classes: 0, ≤ 1, ≤ 10, and > 10).

The choice of central tendency statistics (means, medi-
ans) is non-trivial, as the distribution of impact scores is 
log-normal (not shown) (Fig. 2) and features a very large 
variability (Fig. 3). To retain more conservative (i.e. higher) 
impact scores, we used mainly means, except in specific 
cases when we contrasted means and medians.

There are apparent differences across individual crops 
and the above-described groupings of impact scores, includ-
ing when impacts are disaggregated into individual impact 
categories (Fig. 4).

Some of the apparent differences are dramatic, such as 
impacts per crop × season of production and crop x city of 
origin (Fig. 5).

These apparent differences in impacts across types, accord-
ing to these classifications, were statistically tested to deter-
mine whether they were significant, by testing the correlations 
of various operational characteristics with impact scores to 
identify significant potential differences, leading to further 
investigation of these factors. Factors of interest were: season 
of production, city or origin, type of location, self-declared 
systems type, specific crop, dominance of mineral vs. organic 
fertilisation, and intensity of use of synthetic phytosanitary 
products. For all crops confounded, only the phytosanitary 
use class was found to be associated with barely significantly 
different impact scores (one-way ANOVA, p-value = 0.049), 
while the city of origin was almost significant (one-way 
ANOVA, p-value = 0.051). Against all odds, as according to 
local experts and literature (e.g. Abang et al. 2014; Kone et al. 
2017), most pests and diseases are generally more prevalent 
in the region during the rainy season; seasonality did not con-
tribute significantly to differences in impacts.

Moreover, when total phytosanitary inputs are con-
trasted with associated ITK yield, there is no correlation, 

Table 1   Selected crops (all origins confounded) ranked by ascending 
input intensity (according to median values)

* “European” vegetables

Medians (kg/ha) Means (kg/ha)

Crops Mineral 
fertilisers

Pesticides Mineral 
fertilisers

Pesticides

Spring onions* 77 3.3 242 12.0
Lettuce* 122 1.3 406 7.0
Okra 155 0.4 347 2.3
Eggplant (African) 167 2.2 387 8.0
Onion 214 0.4 502 1.8
Chili pepper 226 0.3 449 1.6
Tomato 229 0.4 436 2.8
Green beans* 298 0.3 414 2.1
All crops 318 0.5 503 4.2
Bell paper* 354 1.0 354 1.0
Eggplant (European)* 443 0.6 629 1.8
Cucumber* 465 0.5 675 4.6
Zucchini* 528 0.6 696 2.7
Cabbage* 545 0.5 657 2.6
Carrot* 575 0.1 650 1.4
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and furthermore the corresponding mean impacts per city 
do neither correlate with the phytosanitary/yield pair, be it 
using means or medians (Fig. 6).

The self-declared system type (conventional vs. agroeco-
logical or in transition to agroecology) is associated with 
significantly different impact scores per ha at the farm level 
(one-way ANOVA, p-value = 0.02), but not at the technical 
itinerary level. On the other hand, no significant correla-
tion was found between the self-declared system type and 
the score of adoption of agroecological practices (one-way 

ANOVA, p-value > 0.05). These results suggest, among 
other possible explanations, that producers do not have a 
clear idea of what agroecology entails, or that efforts towards 
an agroecological transition are not systematic (for instance, 
certain technical itineraries within a farm feature agroeco-
logical practices while others do not, and only certain farm 
level practices are adopted). These and other hypotheses will 
be further tested.

A more detailed exploration of the contribution to 
impacts by city (Table 2), which despite not implying 

Fig. 2   Environmental impact score (EF 3.1, single score) of all crops confounded per city of origin and phytosanitary input intensity; per kg of 
product and per ha of crop, based on mean and median values

Fig. 3   Environmental impact score (EF 3.1, single score) of all crops confounded and aggregated by different criteria, as well as per individual 
crop; per kg of product and per ha of crop, based on mean values (error bars represent the range of observed values)
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significant differences across impacts remains a key 
decision-making criterion, shows that median impacts 
(single score, selected impact categories) are the highest 
in Bouaké, probably due to the yields being the lowest 
amongst cities. For acidification in particular, the highest 
median impacts take place in Korhogo, probably corre-
lated with the higher intensity of synthetic fertilisers’ use. 
Despite Yamoussoukro featuring much larger pesticide 
inputs than the other cities, their impact is not reflected 
in higher median ecotoxicity. The much higher values of 
mean impacts are due to a few extremely input-intensive 
systems.

A more detailed exploration of the phytosanitary use 
class, disaggregating the data per crop, identified that 
only in the cases of cabbage, zucchini and okra were 
the differences amongst impacts significant (one-way 

ANOVA, p-value < 0.05). Overall, across crops, it was 
not observed a systematic increase in impacts per ha of 
production associated with increasing phytosanitary use 
intensity (Fig. 7a). The differences in impacts amongst 
cities of origin are significant (one-way ANOVA, p-value 
< 0.05) only for all crops confounded and for a handful of 
individual crops, namely European eggplant, green beans 
and tomato (Fig. 7b). Mean single scores per kg of prod-
uct are lowest for Korhogo, but median ones are lowest 
for Abidjan (Table 2).

A contribution analysis on two contrasted ITKs 
(Table 3) shows that the main contributors to impacts are, 
systematically, fertiliser provision and use, through direct 
field emissions. The contribution of pesticides (notably 
their provision) is proportional in order of magnitude to 
the phytosanitary use intensity.

Fig. 4   Environmental impact scores (EF 3.1, selected impact categories, midpoints) of all crops confounded and aggregated by different criteria, 
as well as per individual crop; per (a) kg of product and (b) per ha of production, based on mean values
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Regarding the score of adoption of agroecological 
practices vs. impacts at the farm level (Fig. 8a), no cor-
relation was found between the medians of the two vari-
ables (despite significantly different impacts per score 
of agroecological practices), and no regression model 
was able to link them with an R2 > 0.1. Moreover, no 
correlation was found between yield and environmen-
tal impact, despite a reasonably good model (R2 = 0.88) 
linking median yields to median scores of agroecological 
practices (Fig. 8b). When all individual impact scores 
per farm are classified by score of adoption of agroeco-
logical practices—excluding the few (8) farms which did 
not declare adopting any agroecological practice—only 
a weak (positive and not the expected negative) corre-
lation between impacts and scores was found (Fig. 9). 
These results suggest that, despite impact scores being 
significantly different across scores of adoption of agro-
ecological practices (one-way ANOVA, p-value < 0.05), 
the level of adoption of practices considered as agroeco-
logical is not a good predictor of environmental impacts. 

In contrast, a recent study conducted in Benin comparing 
conventional and organic vegetables production found 
significant differences in environmental scores across 
production types, with the larger impact associated with 
organic production (Avadí et al. 2021).

3.3 � Preliminary socio‑economic implications 
of phytosanitary use intensity 
and agroecological practices adoption

The results of the environmental impact analysis suggest 
the need for a socio-economic analysis to better charac-
terise the impacts of the varying levels of adoption of 
agroecological practices. This characterisation enables 
a better understanding of farmers’ choices in a sustain-
ability dynamic in the agroecological transition process. 
For instance, the variable “city or origin” is significant 
in terms of environmental impact. This means that there 
is a difference in behaviour depending on the location 
of farmers. This is mainly linked to consumers’ choices, 

Fig. 5   Apparent differences in environmental impact score (EF 3.1, single score), per selected crops and per (a) season and (b) city of origin; per 
kg of product, based on mean values
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which can influence the supply of products derived from 
agroecological practices. (Ouedraogo et al. 2024a) shows 
that consumers in Abidjan have a lower willingness to 
pay for organic vegetables than those in Yamoussoukro 
or Bouaké.

Furthermore, the relationship between agroecological 
practices and environmental impact appears to be not sig-
nificant for farmers. This calls for a better understanding of 
farmers’ social representation of agroecology.

The results of the correlation test, based on dataset A, 
indicate that the correlation among yield, gross margin 

and phytosanitary use intensity (in terms of individual 
product types), all variables normalised per ha, is weak 
(Fig. 10). Phytosanitary management is not the main key 
to explain the difference in gross margin between the dif-
ferent farms and ITKs. The price of vegetables at the local 
market could influence gross margins; moreover, there is a 
fluctuation in prices throughout the year that the producer 
cannot influence (Kouame et al. 2017; Dosso et al. 2023). 
Gross margins per farm do not seem to correlate with the 
adoption of agroecological practices nor with environmen-
tal impacts (Fig. 11).

Fig. 6   Relations at the technical 
itinerary level among mean 
phytosanitary use and yield, 
per city, with bubble sizes 
representing environmental 
impact score per ha (EF 3.1, 
single score)

Table 2   Mean impacts and key operational features of all systems (technical itineraries) confounded and aggregated by city of origin, based on 
medians and means

City Sta�s�c Acidifica�on Climate 
change

Ecotoxicity, 
freshwater -
organics

Eutrophica�on, 
freshwater

Single score Yield Area Pes�cides 
(synthe�c)

Nutrients
(N + P + K)

mol H+ eq/kg kg CO2 eq/kg CTUe/kg kg P eq/kg Pt/kg Pt/ha kg/ha ha kg/ha kg/ha
Abidjan Medians 1.79E-03 0.11 2.65 2.32E-04 1.90E-05 3.20E-04 21 504 0.06 0.5 91 

Means 3.76E-03 0.37 2 773 4.56E-04 9.76E-04 1.58E-02 20 058 0.23 4.4 237 
Bouaké Medians 5.09E-03 0.26 30.46 5.57E-04 9.18E-05 7.75E-04 8 667 0.15 0.5 275 

Means 8.50E-03 0.43 2 390 9.58E-04 8.83E-04 1.17E-02 10 970 0.19 4.1 477 
Korhogo Medians 6.70E-03 0.19 5.81 1.63E-04 4.34E-05 3.97E-03 15 145 0.01 0.5 686 

Means 1.19E-02 0.31 600 2.99E-04 2.63E-04 5.41E-02 15 834 0.02 2.1 744 
Yamoussoukro Medians 2.36E-03 0.18 27.27 3.36E-04 8.73E-05 1.61E-03 13 205 0.06 1.7 98 

Means 1.35E+00 33.84 119 302 7.04E-02 4.75E-02 3.86E+00 14 293 0.18 8.6 372 

The highest values for each criteria are highlighted in grey for medians and in light blue for means
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The level of adoption of agroecological practices refers to 
the adoption of crop association, crop rotation, biopesticides, 
service plants, net shelters, organic fertilisation, mulching 
straw, fallows and number of ITKs; practices were observed 
in the studied zones (Martin et al. 2006; Drabo et al. 2022; 
Dosso et al. 2023). The study was based on 431 farmers, 
having adopted between one and seven agroecological prac-
tices out of nine (dataset A). Thus, the dependent variable 
is polychotomous, as it is based on more than two possible 
answers. This score of adoption (laep) is not the same used 
until now, as it does not include intensity of adoption, but 
instead adoption as a binary (i.e. categorical yes/no) choice.

Among the nine main agroecological practices, the distri-
bution of the dependent variable shows that all the farmers 
adopted at least one practice. Only 0.01% of farmers adopted 
7 practices (which is the maximum of observed adoption), 
3% adopted 6, 13% adopted 5, 27% adopted 4, 50% adopted 
3 and 73% adopted 2.

Two variables were significant in explaining the decision 
of farmers to adopt two types of agroecological practices. A 
positive correlation was found between the level of adoption 
of agroecological practice (laep) and the variables instruc-
tion (instruc) and origin (Supplementary Material). Indeed, 
if the level of instruction of farmers increases by one unit, 
their laep increases by 0.064. And native farmers’ laep is 
0.077 more than the others (Supplementary Material). There 
is a positive correlation between the decision of farmers 
to adopt three agroecological practices and their level of 
income, whereas a negative correlation was found between 
this laep and the variable “gender”. If the farmers’ income 
increases by one unit, their laep increases by 7.65E − 08. 
However, the laep of men is 0.123 more than that of women.

Three variables were significant when the laep is 4: a posi-
tive correlation was found between laep and age and income 
and a negative correlation between laep and the variable gen-
der. Older famers are more likely to adopt agroecological prac-
tices. If the farmers have one more year, their leap increases by 
0.0023. If the farmers’ income increases by one unit, their laep 
increases by 2.59E − 08. However, being women improve the 
adoption of agroecological practices by 0.57 compare to men.

Fig. 7   Relation between (a) phytosanitary use intensity and (b) city of origin vs. environmental impact score (EF 3.1, single score per ha) for 
some key market vegetable products in Côte d’Ivoire; based on median values. “(s)” identifies significant differences across impact scores

Table 3   Contribution analysis of two example technical itineraries 
featuring different phytosanitary use intensities; per production cycle

Percentages represent relative contribution to the ReCiPe single score

A-AER-01-Cib
Spring onion

Y-BAL-05-Aub
African eggplant

Phytosanitary use intensity class  ≤ 1  > 10
Fertilisers (provision) 22.3% 30.3%
Fertilisers (direct field emis-

sions)
56.0% 29.3%

Pesticides (provision) 0.8% 16.0%
Pesticides (direct field emissions) 0.8% 0.3%
LULUC + water use 17.6% 3.0%
Fuel 15.9%
Other inputs 2.6% 5.2%
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Two variables were significant when the laep is 5: laep 
was positively correlated with the variables age and origin. 
Older farmers are 0.0025 more able to adopt than younger. 
Those who adopt at less than 5 agroecological practices are 
native, and this impacts their decision by 0.0496. Two vari-
ables were also significant when the laep is 6: There are a 

positive correlation between laep and income and a nega-
tive correlation between laep and location. The income is 
important when farmers adopt at less than 6 agroecological 
practices, and when the farmers’ income increases by one 
unit, their decision to adopt increases by 5.12E-09. How-
ever, when the laep is 7, the different variables identified 

Fig. 8   Relations at the farm level, where farms are aggregated as 
“clusters” per city of origin and type of location, and all variables 
are shown as median values: a scores of adoption of agroecological 
practices vs. environmental impacts per ha, with number of technical 

itineraries per farm as labelled bubble size; b1 scores of adoption of 
agroecological practices vs. environmental impacts per ha and per t 
and b2 scores of adoption of agroecological practices vs. farm yield
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Fig. 9   Relations at the farm level between scores of adoption of agroecological practices and environmental impacts per ha (medians and 
means). Percentages represent the proportion of farms featuring each score

Fig. 10   Spearman’s correlation coefficient matrix of inputs vs. yields vs. gross margins, a per farm and(b) per ITK. “sum_phyto” refers to the 
sum of masses of all phytosanitary inputs, in terms of active substances. All variables are expressed in kg/ha
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are not significant. It means that there are other factors that 
may explain farmers’ decision to adopt more than 6 agro-
ecological practices. These factors likely include technical 
and financial support from external actors, such as NGOs 
(Ouedraogo et al. 2024b).

3.4 � Limitations and directions for further research

The main limitation of this study pertains to the level of detail/
granularity of the analyses, as general national and regional 
trends were addressed, without investigating, for instance, crop-
specific dynamics. Moreover, as phytosanitary products use is a 
main driver for impacts, a more detailed analysis of its dynamics 
is necessary to better understand the drivers for current practices 
(e.g. in terms of product selection, number of applications and 
amounts applied per cycle in contrast with agronomic guide-
lines, and rationale for application). A separate study on the 
phytosanitary issues is currently being carried out by our team.

The rationales of vegetable producers adopting agroeco-
logical practices, as well as the associated benefits on human 
health, environmental and wellbeing, should be explored using 
additional complementary approaches, such as hidden costs or 
negative externalities of chemicals. Moreover, the study of adop-
tion of agroecological practices from the point of view of inno-
vation theory (Faure et al. 2018), would be highly informative, 
and perhaps extrapolable to the region, as there is an important 
transnational movement of people in West Africa in the context 
of agriculture (Hollinger and Staatz 2015), now exacerbated by 
climate change (IOM 2020). A separate study on adoption is 
currently being carried out by our team.1

4 � Conclusions

Environmental impacts of market vegetable crop production 
in Côte d’Ivoire are determined, to a certain extent, by the 
intensity of phytosanitary inputs and the geographical location 
(city), with Bouaké and Yamoussoukro featuring the highest 
impacts by all metrics, depending on the choice of statistics 
(medians or means, respectively). Korhogo features the high-
est rates of pesticide use amongst the four cities, across statis-
tics. European crops receive significantly higher inputs than 
African ones, and thus, some efforts must be made to encour-
age farmers to reduce chemicals use overall and to privilege 
(market demand-permitting) better adapted native crops. This 
will help to improve people’s and ecosystems’ health.

The (declared) level of adoption of practices considered 
as agroecological is not a good predictor of environmen-
tal impacts but seems to be correlated with yield. Complex 
socio-economic and institutional dynamics underscore the 
adoption of agroecological practices. These include intrinsic 
characteristics of farmers, as well as their social capital.
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