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A B S T R A C T

Understanding the components of plantain productivity is important for contributing to the food security
challenge in West and Central Africa. The purpose of this study was to assess how production system and
cropping system characteristics affect plantain productivity. Interviews with farmers, dynamic measurements of
cropped diversity, recording of management practices and characterization of the harvested bunches were used
to characterize 25 plantain fields in the form of 54 factors and 5 dependent variables. The average bunch weight
measured was 11.6 kg. The within-field variability of the bunch weights measured was 4.2 kg. The calculated
mean plantain yield was 6.8 t/ha/year and varied between 1.1 and 18.8 t/ha/year depending on the fields
studied. Harvested bunches amounted to only 34% of the field potential. Segmentation analyses (CART) of the
fields studied and analyses of variance identified 12 factors strongly linked to bunch sizes and plantain field
lifetime. The highest bunch weights were measured in fields belonging to farmers who participated in training
and also applied herbicide and nitrogen fertilizers more frequently and at higher rates. These practices also
increased within-field variability for bunch weights. Lastly, the management practices recorded showed an in-
tensification of chemical inputs in traditional plantain-based cropping systems. These results, especially the high
within-field and between-field variability for bunch weights, call for better quantify the impact of planting
material quality and varietal mixture on plantain productivity into plantain-based cropping systems.

1. Introduction

The production of plantain, which is an essential component in the
diet of West and Central African populations (Folefack et al., 2017), is a
food security challenge. Average annual demand would appear to be
above 40 kg per inhabitant (Akyeampong, 1998), while annual pro-
duction, estimated at 10 million tonnes (Lescot, 2017), corresponds to
an average supply of 20 kg per inhabitant. This low availability explains
the high prices on urban markets, making plantain a luxury product
(Mialoundama Bakouétila et al., 2016). Cameroon, which is the fourth
largest plantain producer in West and Central Africa, does not escape
this situation (Folefack et al., 2017). The Cameroonian plantain supply
chain, comprising 650,000 growers and 50,000 middlemen (transpor-
ters, traders and processors), moves around 1.6 million tonnes annually

(Lescot, 2017). The average plantain yield, as in the other producing
countries of West and Central Africa, is estimated to be between 5 and
15 t/ha (Achard and Sama Lang, 1998; Akinyemi et al., 2008b;
Akyeampong, 1998; Ba Kumfifutu, 1996; Dowiya et al., 2009; Dzomeku
et al., 2011; Lescot, 1997; Lescot and Ganry, 2008; N'Guessan et al.,
1993). Such productivity is low given the plant's potential, which can
reach yields of between 20 and over 30 t/ha on experimental stations
under controlled and non-limiting growing conditions (Aba and Baiyeri,
2015; Baiyeri and Ortese, 2007; Dépigny et al., 2018; Melin et al.,
1976a, 1976b; Obiefuna, 1986).

Plantain is increasingly being grown in multi-variety monocultures
based on an intensification of the use of fertilizers and pesticides
(Akyeampong, 1998). It nonetheless principally remains a component
of complex mixed cropping systems (Achard and Sama Lang, 1998;
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Hauser and Amougou, 2008), in which it is intercropped with numerous
annual and perennial crops (Akyeampong, 1998; Nkendah and Temple,
2003). In Cameroon, over thirty crops intercropped with plantain have
been numbered (Jacobsen et al., 2004); the annual crops identified are
essential dietary components (Arachis hypogea, Colocasia esculenta, Cu-
curbita maxima, Manihot esculenta, Solanum nigrum, etc.) and the per-
ennial crops are cash crops (Carica papaya, Coffea sp., Elaeis guineensis,
Theobroma cacao, etc.). Plantain, when intercropped with perennial
crops such as cacao, coffee, or rubber (Adenikinju, 1983; Jolaoso et al.,
1996; Yao, 1988), is a service crop for the perennial crop. It is cropped
to provide shade for young plants and to gain benefit from the land
during their growth phase (food production, cashflow). It is then kept
residually within the perennial crop up to its natural disappearance
(Adenikinju, 1983). A plantain field is usually a varietal mixture with at
least three different varieties (Hauser and Amougou, 2008).

There therefore exists a great diversity of plantain-based cropping
systems. We define a plantain-based cropping system as the overall
cropped diversity in the agrosystem including plantain, its organization
in time and space and the management practices pertaining to each
crop present. It is accepted that diversified cropping systems promote
biological processes, such as facilitation and biological regulation,
which can be favourable for the productivity and sustainability of the
whole cropping system (Damour et al., 2015; Justes et al., 2014;
Malézieux et al., 2009). It is also accepted that the production system,
integrating the characteristics of the farmer (age, training, etc.), of the
farm (family, area, specialization, means of production, trajectory, etc.)
and of its environment (supply chain, social demand, etc.), structures
the cropping system, particularly through access to the means of pro-
duction, their availability and use (labour, inputs, etc.), and has an
impact on its possible performance (Achard and Sama Lang, 1998;
Adinya et al., 2008; Arikpo et al., 2009; Bifarin et al., 2008; Blazy et al.,
2011; de Bon et al., 2014; Sonwa et al., 2008). Thus, summarizing the
productivity of such a diversity of plantain-based cropping systems as a
national average yield seems restrictive. Improving plantain pro-
ductivity involves exploring yield heterogeneity and identifying factors
that influence yield. This study aimed to explore yield heterogeneity
within a panel of plantain-based cropping systems and to identify
production and cropping system characteristics that affect plantain
yield. Plantain yield was defined as the combination between the
number of productive plantain stems and the weight of harvested
bunches. Thus, this study focused on factors influencing the dynamics
of the plantain stem population, the proportion of harvested bunches
and the bunch weight.

2. Materials & methods

2.1. The plantain fields studied

The studied plantain fields were located in the Littoral region of
Cameroon. They were part of the Mungo banana and plantain growing
zone, which is the most important growing area for export bananas in
Cameroon and part of the plantain supply basin for the city of Douala
(Folefack et al., 2017). The soil is a rich brown andosol (Combroux,
1957). The climate is of the Equatorial Guinea type, with relatively
stable, monthly mean temperatures of 26–28 °C and an average rainfall
of 2300–3200mm annually, distributed from March to November. The
dry season, from December to February, is the only climatic period
unsuited to banana and plantain growth when grown under rainfed
conditions. The study zone was limited to a geographical area with a
diameter of 20 km around the town of Njombé, in order to reduce
pedoclimatic variations. The uniformity of the soils and climate were a
prerequisite for observing differences in yields intrinsic to the produc-
tion systems. We chose 25 plantain fields spread along a gradient of
cropped diversity ranging from plantain monocultures to complex
mixed cropping systems including annual and perennial crops, and
some forest residues. The plantain density in each field had to be over

300 plantains per hectare; this threshold was defined from expert ad-
vice in order to select cropping systems within which plantain was a
significant crop for the farmer. Another criterion for selecting the
plantain fields was the motivation and ability of the farmer to take part
for the duration of the study.

2.2. Data acquisition

The production system and cropping system of each plantain field
were documented using three complementary methods largely invol-
ving the farmer: directed interviews with the farmer, measurement of
cropped species dynamics within an experimental plot defined with the
farmer, and recording by the farmer of qualitative and quantitative
information about management practices and plantain production.

2.2.1. Production system data
The production system was considered as being the set of compo-

nents of the farm, incorporating the decision-making system (farmer,
family, etc.) and the means of production (field, equipment, labour,
cashflow, etc.). The production system of each study field was char-
acterized in an interview with the farmer. This included some data on
the training and socio-professional integration of the farmer, the com-
position of the family and its involvement in the production system, the
background of the farm, characterization of the means of production,
and the land and geographical characteristics of the field. Another
purpose of the interview was to specify the importance of plantain
within the production system.

2.2.2. Cropping system data
The cropping system was considered as being the overall cropped

diversity within the studied field, its organization in time and space,
and the crop management sequence applied. Inside each study field, an
experimental plot of 450m2 was defined with the farmer as being re-
presentative of the cropping system. This was divided into 9-m2

quadrats geographically identified and permanently marked out during
the study. The aim of this experimental design was to monitor the
numbers of potential productive plantains and intercrops (i.e. any as-
sociated crop with plantain during the plantain lifetime), quantify
plantain production and record all the management practices applied to
plantains and intercrops. Observations lasted two years.

a) Cropped diversity

Plantains are traditionally grown in mats (Melin et al., 1976a,
1976b), i.e. farmers keep several successive suckers at each new crop-
ping cycle. The plantain mat is gradually composed of several “stems”
(specifically “pseudostems” as defined by botanists, but for simplicity
we shall refer to “stems”), each likely to produce a bunch (Fig. 1). The
stem was chosen as the observation unit for the plantain populations in
the fields studied. Each stem, kept by the farmer with a view to ob-
taining a bunch, was described by its cropping cycle rank in relation to
the plantain planted, also called the “mother plant” and the sole stem of
cycle 1 (C1). On each observation, the number of mats and the number
of stems in each cropping cycle were recorded per quadrat. On each
observation, the number of plants of the other cropped species present
in the quadrat were also recorded. These observations were carried out
by a technical team twice a year.

Plantain production in each experimental plot over the observation
period was daily (each day, any harvested bunch had to be registered)
recorded by the farmer in the form of a list of bunches harvested. Each
bunch was described by its harvest date and its fresh weight (kg).
Bunches were harvested according to the farmer's ripeness criteria.
Bunch weights were measured using identical balances distributed to
each farmer taking part in the study. Each bunch was weighed with half
of its peduncle, which was usually kept by the farmers to facilitate
carrying.
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b) Management practices

The management practices applied to plantains and intercrops in
the experimental plot over the observation period (crop upkeep, ni-
trogen fertilization, pesticide applications, etc.) were recorded daily
(each day, any event in the list of data to collected had to be registered);
they were recorded by crop and by intervention date in a crop logbook.
The quantitative and qualitative aspects of each management practice
(equipment used, commercial product used, dose, work time, labour,
etc.) were specified during quarterly interviews with the farmers. For
fertilization, the study focused solely on nitrogen fertilizer, which was
the most important for the farmers.

2.3. Data analysis

2.3.1. Characteristics of the production and cropping systems
The data gathered were transcribed in the form of 54 variables,

divided into 35 quantitative variables and 19 qualitative variables
(Suppl. Mat. A). The variables were grouped into seven thematic groups
according to the nature of the information. The profiles of the farmers
and their interactions with their socio-economic environment were
summed up in the ‘Farmer’ group. Means of production and the geo-
graphical characteristics of the study field were assigned to the
‘Production System’ group. The structure of the cropped diversity of the
study field was described in the ‘Cropped diversity’ group. The agri-
cultural practices applied to the intercrops were summarized in the

‘Intercrop Management’ group. The population structure, farming
practices and production data for plantains were recorded in the
‘Plantain Population’, ‘Plantain Management’ and ‘Plantain Production’
groups, respectively. The ‘BPdyn’ variable was the only estimated
variable. It was obtained by modelling plantain population dynamics
with a view to integrating the multiplicity of events influencing the
number of stems likely to bear a bunch (new plantain plantations,
plantain replacements, variable number of stems kept per plantain
planted, toppling of stems or of whole mats, etc.). This modelling was
established from the stem multiplication rate (SMR), an indicator of the
ability of a number of stems to evolve towards the following crop cycle,
calculated per quadrat according to the following formula:

+

number of cycle C stems
number ofcycle C stems

x

x 1

On the scale of the experimental plot, a model of exponential de-
crease was fitted to the SMR values of the different quadrats depending
on the crop cycles. The slope of this model was considered as a relevant
indicator of plantain dynamics and was recorded in the ‘BPdyn’ variable
(Suppl. Mat. B). It is a component of yield to be explained by the
characteristics of the production system and cropping system.

2.3.2. Plantain production
Plantain production was first analysed as a sample of bunches in-

dependent of the fields studied, with a view to studying production
seasonality and its consequences for bunch weight. It was then broken
down into four quantitative variables per study field to better study the
variability of bunch weights: the lowest bunch weight measured
(BWmin), the highest bunch weight measured (BWmax), the average
bunch weight calculated from the mean of all the harvested bunch
weights (BWave), and the within-field variability of bunch weights
calculated from the standard deviation of all the harvested bunch
weights (BWstd). These descriptive variables of plantain production
were used to compare the different fields and explore some effects of
the production and cropping system characteristics on plantain pro-
ductivity. Lastly, the yield measured for each study field was calculated
by adding the harvested bunch weights in the experimental plot over
the observation period and rounded off to an area of one hectare over a
period of 1 year. The proportion of bunches harvested in each study
field was calculated in relation to the number of harvested bunches and
the average number of potential bunch-bearing stems over the study
period in the experimental plot.

2.3.3. Factors explaining plantain production
Statistical exploration was undertaken to identify and quantify the

effects of the 49 factors describing the studied production systems and
cropping systems on the 5 dependent variables describing the dynamics
of the plantain population and harvested bunch weights. Initially, 35
data segmentation analyses by the CART method were carried out
(Breiman et al., 1984), based on the ‘rpart’ function of the ‘rpart’ library
(Therneau et al., 2018) in R software (R-Core-Team, 2017), in order to
explore interactions between factors of a different nature and the de-
pendent variables to be explained. Each dependent variable was first
analysed globally, i.e. using a model including all the factors, then using
models by thematic group of factors. The factors that enabled a division
of the study fields into uniform groups, reducing the Gini impurity
index (Nakache and Confais, 2003), were considered significant. Then,
245 univariate analyses of variance were carried out to quantify the
interaction between each factor and each dependent variable. Sig-
nificant variables (p≤ 0.05) of the same thematic group were tested by
backward variable selection to search for the best explanatory model
only including variables with significant contributions (Landau et al.,
2000). The factors revealed by the two analysis methods were chosen as
having a demonstrated effect on the dependent variables.

Fig. 1. A mat with 6 stems. The stem number integrates 1 stem from the first
crop cycle (C1), i.e. the “mother-plant”, and 5 stems from the second crop cycle
(C2).
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3. Results

3.1. Characteristics of the production and cropping systems

The synthetic values for the descriptive variables of the study fields
are summarized in Table 1 for the quantitative variables and in Table 2
for the qualitative variables. Half of the farmers interviewed had re-
ceived agricultural training (52%) and had chosen the farming profes-
sion as their main activity (60%). A third were members of a farmer

group (GIC as a sort of cooperative). The production systems studied
comprised 3.6 farming fields, on average, for a total cultivated area of
4 ha. Most (88%) of the farmers used casual labour, but few (16%)
employed permanent farm labourers. The study fields had an average
area of 0.48 ha and were located at an actual travelling distance for the
farmer of between 2.7 km and 8.1 km. Few were of “home garden”
status (12%). Few had a background of fallow without plantain (16%)
prior to the plantains being planted. The cropping systems studied were
mainly multi-species (92%) combining between 6 and 13 annual and
perennial crops. The perennial crop most intercropped with plantain
was cacao, and the most common annual crops were new cocoyam and
taro (Suppl. Mat. C). The plantains came solely from suckers, mainly
bought from neighbouring farmers and sometimes from the farmer's
own field. They were planted in highly variable densities of 393–2775
plantains per hectare. They were managed with an average of 1.8 stems
per mat. The densities measured varied between 511 and 5167 stems
per hectare. The stems observed mainly belonged to the first (20%),
second (35%) and third (30%) crop cycles, but a few stems from the
fourth (11%) and fifth (3%) crop cycles were seen. The population
dynamics of the stems, represented by the ‘BPdyn’ variable (Fig. 2),
varied from −1.78 to −0.15: all the study fields showed a reduction in
stem number over the crop cycles (Suppl. Mat B).

Data relative to the management practices applied to plantain,
classed according to their frequency in Table 3, and the management
practices applied to the intercrops showed that 88% of the farmers
applied inorganic nitrogen fertilization, with cumulative quantities for
all crops combined that could reach 385 kg/ha/year. The average fer-
tilization applied for all crops combined was 74.6 kg/ha/year. Herbi-
cides were used in 72% of the study fields, applying an average of
3.2 kg/ha/year of commercial product. Insecticides were used by half of

Table 1
Quantitative variable values.

Variable Short description Unit Data Minimum Mean Median Maximum St. Deviation

caicqteha Quantity of insecticide on intercrops Kg/Ha/Yeara 17/25 0 2.4 0 25.5 6.1
cafcqteha Quantity of fungicide on intercrops Kg/Ha/Yeara 19/25 0 0.9 0 15.9 3.5
cafcnbapp Applications of fungicide on intercrops Application/Year 10/25 0 2.5 0 24 7.2
cafertiNkgha Quantity of nitrogen fertilization on intercrops Kg Nitrogen/Ha/Year 14/25 0 47.4 40.5 192.5 50.4
cafertiNnbapp Applications of nitrogen fertilization on intercrops Applications/Year 18/25 0 2.5 2 11 2.43
cahcqteha Quantity of herbicide on intercrops Kg/Ha/Yeara 9/25 0 3.2 0 15.9 6
cahcnbapp Applications of herbicide on intercrops Applications/Year 10/25 0 0.4 0 2 0.7
caicnbapp Applications of nematicide on intercrops Applications/Year 18/25 0 0.6 0 4 1.2
pnbcaan Number of annual crops in field Crop 25/25 0 5.2 5 15 4
pnbcamt Number of simultaneous intercrops in field Crop 25/25 0 5.5 5 13 3.3
pnbcaper Number of perenial crops in field Crop 25/25 0 1 1 4 1.3
pnbcatot Number of total intercrops in field Crop 25/25 0 6.3 7 15 4.1
bpciqteha Quantity of insecticide on plantain Kg/Ha/Yeara 19/25 0 2.4 0 27.7 7.3
bpfertiNkgha Quantity of nitrogen fertilization on plantain Kg Nitrogen/Ha/Yeara 20/25 0 59.7 34.1 192.5 59.1
bpfertiNnbapp Applications of nitrogen fertilization on plantain Applications/Yeara 21/25 0 2.6 2 11 2.2
bpicnbapp Applications of insecticide on plantain Applications/Yeara 24/25 0 0.5 0 3 0.9
bpncqteha Quantity of nematicide on plantain Kg/Ha/Yeara 21/25 0 20.3 7.6 135.6 31.3
bpncnbapp Applications of nematicide on plantain Applications/Year 22/25 0 1.4 1.5 5 1.4
bpdyn Plantain population dynamic – 23/25 −1.78 −0.69 −0.56 −0.15 0.41
bpnbmoypoha Average stem density in field Stems/Ha 25/25 511 2094 1800 5167 1110
bppotfe Mean number of stems per mat Stems/Mat 19/25 1.3 1.8 1.8 3.2 0.4
bpppc1 Proportion of stems from the 1st crop cycle % 25/25 0 20 18 49 15
bpppc2 Proportion of stems from the 2nd crop cycle % 25/25 7 35 37 57 12
bpppc3 Proportion of stems of the 3rd crop cycle % 25/25 5 30 30 62 16
bpppc4 Proportion of stems of the 4th crop cycle % 25/25 0 11 9 30 10
bpppc5 Proprotion of stems of the 5th crop cycle % 25/25 0 3 1 50 10
bwstd Standard deviation of bunch weights in field Kg 18/25 0.9 4.2 4 8.4 1.9
bwmax Higher bunch weight in field Kg 19/25 7 20.3 20 39 8.8
bwmin Lower bunch weight in field Kg 19/25 1.5 6.1 5 17 4.2
bwave Mean bunch weight in field Kg 19/25 5.3 12.5 11.2 26.6 5.9
eanbparc Number of fields in farm Plots 25/25 1 3.6 3 12 2.4
easurftot Cropped area in farm Ha 25/25 0.04 4 3 13 3.1
pdist Distance from field to farmer's house Km 25/25 0 2.7 2.3 8.1 2.4
ploc Field rental CFA F/Year 24/25 0 45,833 0 300,000 69,801
psurf Field area Ha 25/25 0.04 0.48 0.46 1.16 0.32

a Commercial product quantity.

Table 2
Qualitative variable values.

Variable Description Yes No

agriact Is farming the main activity of the farmer? 60% 40%
agrigic Is the farm attached to a cooperative? 28% 72%
agriform Did the farmer complete agricultural training? 52% 48%
eamoet Does the farmer use temporary labour? 88% 12%
eamoep Does the farmer use permanent labour? 16% 84%
pprop Does the field belong to the farm? 11% 89%
ptyp Is the studied field a home garden? 16% 84%
pjach Was the field fallow before plantain? 20% 80%
pforetres Are there trees in the field? 12% 88%
caferti Do intercrops receive fertilization? 88% 12%
cafertiorga Do intercrops receive organic fertilization? 32% 68%
caic Do intercrops receive insecticide? 48% 52%
cafc Do intercrops receive fungicide? 32% 68%
cahc Do intercrops receive herbicide? 72% 18%
bpferti Do plantain receive fertilization? 88% 12%
bpfertiorga Do plantain receive organic fertilization? 28% 72%
bpic Do plantain receive insecticide? 32% 68%
bpnc Do plantain receive nematicide? 64% 36%
bpachatmv Do farmers buy plantlets for plantain planting? 48% 52%
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the farmers interviewed to control black banana weevil in plantains and
other insect pests in intercrops. Fungicides were used in 38% of the
study fields, solely against fungal diseases of the intercrops. Nemati-
cides were used in 64% of the study fields to control plantain en-
doparasitic nematodes, applying an average of 20.3 kg/ha/year of
commercial product. Some management practices alternative to pesti-
cide use were also recorded, such as removing leaves affected by Black
Sigatoka leaf spot (60%) and manual weeding (36%).

3.2. Plantain production

The harvest data for 19 study fields were usable. They amounted to
a sample of 525 bunches (Fig. 3). Bunch weights varied from 1.5 to
39 kg for an average weight of 11.6 kg. The harvests for July, August
and September cumulated over the length of the study exceeded 80
bunches, while they varied between 20 and 50 bunches during the
other months, and only reached 7 bunches in February. The monthly
average bunch weight varied between 9.4 kg (January) and 14.5 kg
(December). The monthly standard deviation for bunch weight varied
from 5.1 kg (June) to 8.1 kg (December). Fig. 4 shows the bunch weight
distribution per study field. The average bunch weight per field varied
from 5.3 kg (5) to 26.6 kg (25). The standard deviation for bunch
weight per field varied from 0.9 kg (12) to 8.4 kg (2). The yields re-
corded (Table 4) varied from 1.1 t/ha/year (19) to 18.8 t/ha/year (7).
The average yield recorded for the study fields as a whole was 6.8 t/ha/
year. The proportion of potential bunches that farmers harvested

(Table 4) varied from 11% to 94% depending on the study fields.

3.3. Factors determining plantain production

The data segmentation analyses revealed 11 discriminant factors for
the study fields (Suppl. Mat. D). They belonged to the set of defined
thematic groups of variables, apart from the ‘Cropped diversity’ group,
and discriminated between study fields for the descriptive variables of
plantain production (BWmin, BWave, BWmax, BWstd). The analyses of
variance identified 6 factors with at least one significant effect on one of
the five variables studied (Suppl. Mat. E). The synthesis of the results
from the two types of analysis identified 12 factors for plantain pro-
duction and for plantain population lifetime. Fig. 5 summarizes these
factors according to their thematic group and their effect on the vari-
ables studied. Plantain population lifetime was slightly improved in
recently planted fields composed of a few residual trees. In addition,
herbicide use was a factor linked to plantain stem numbers. The man-
agement practices applied to plantain and to the intercrops, particularly
herbicide use and nitrogen fertilizer application, were positively cor-
related with high bunch weights, and also with within-field variability
for bunch weight. The fact that a farmer had received agricultural
training and did not practise any other activity was also positively
correlated with higher bunch weights.

4. Discussion

4.1. Plantain productivity

4.1.1. Very high pre-harvest losses
The proportion of harvested bunches, a major component of yield,

was under 50% of the number of potential bunch-bearing stems in most
of the study fields. This result made it possible to objectify the discourse
of the farmers describing very high pre-harvest losses during inter-
views. The main cause would appear to be the toppling of a large
number of plantain stems prior to harvest due to damage caused by
black banana weevils (Cosmopolites sordidus) and nematodes
(Radopholus similis and Pratylenchus sp.). Many authors have explained
these two major constraints in plantain cultivation due to which losses
by toppling can exceed 50% of potential bunches (Banful et al., 2000;
Banful et al., 2008; Iratcher, 1998; Speijer et al., 1993) (Achard and
Sama Lang, 1998; Akinyemi et al., 2008a; Dankii et al., 2007; Hauser
and Amougou, 2008; Pierrot et al., 2002). The second cause would
appear to be bunch thefts before harvesting, which would seem to reach
20–30% of the potential number of bunches (Desdoigts et al., 2005;
Folefack et al., 2017; Iratcher, 1998). Another possible explanation,
which we could not completely rule out given our experimental design,
is that farmers varied in how well they recorded the data despite the

Fig. 2. Example of the ‘BPdyn’ indicator for three contrasted fields. For each field, the stem multiplication rate (SMR) represented the ratio between the number of
stems at a given cropping cycle and the one from the previous cropping cycle. The BPdyn value is the slope of the exponential decay function of SMR across cropping
cycles (e.g. C1-2 between cycles 1 and 2).

Table 3
Plantain management practices.

Cultural practice Frequency

Inorganic fertilization 88%
Herbicide application 72%
Nematicide application 64%
Leaf pruning 60%
Sucker removal for plantlet 48%
Manual weeding 36%
Insecticide application 32%
Ridging 28%
Stem cleaning 28%
Organic fertilization 28%
Additional plantain planting 20%
Toppled plantain cutting 12%
Desuckering 12%
Toppled plantain replacement 8%
Wiring 8%
Harvested plantain cutting 8%
Staking 4%
Bunch marking with paint 4%
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follow-up of the technical team. Nevertheless, this study made it pos-
sible to put values on a probably relevant, but worrying, picture of
production in traditional plantain-based cropping systems in the Lit-
toral region of Cameroon: a farmer would seem to plant 100 plantains
to harvest just 30 or so bunches. It would be interesting to check
whether this context is similar in other plantain production areas in
West and Central Africa.

4.1.2. Very variable bunch weights
The average bunch weight recorded (11.6 kg) corresponded to the

values described in other studies carried out in the traditional cropping
systems of Cameroon (Achard and Sama Lang, 1998; Banful et al., 2008;
Pierrot et al., 2002). This value was close to half of the average bunch
weights obtained by different natural plantain varieties on experi-
mental stations with non-limiting agricultural management (Dépigny

Fig. 3. The left-hand figure shows bunch weight distribution throughout the study fields. The centre figure shows harvest distribution over a year: harvests doubled
during the rainy season (in grey). The right-hand figure shows bunch weight distribution per month: bunch weights decreased during the rainy season. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 4. Bunch weight distribution per study field. The average bunch weight of each field is marked with (+) in the boxplot. The average bunch weight of all
harvested bunches is drawn as a horizontal dotted line. Outlier values are represented by small circles.
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et al., 2018; Melin et al., 1976a, 1976b). The results showed seasonal
variability in plantain production, marked by both the doubling of the
number of bunches harvested in the rainy season and a sharp drop in
the dry season, along with a 5% drop in average bunch weight and a
rise of 7% in the dry season. These results went against the literature:
plantain is usually scarce on urban markets during the rainy season
(Bikoï and Yomi, 1998; Dzomeku et al., 2011; Ndubizu and Okafor,
1976; Osseni et al., 1998; Temple and Engoya Oyep, 1998; Yao et al.,
2014). We put forward the hypothesis that we observed harvested
production seasonality, whereas the literature mainly speaks about the
seasonality of plantain availability and prices on urban markets. We
described the ability of the plantain to produce under climatic condi-
tions that could be improved by choosing less drought-susceptible
varieties and applying management practices that limit water stress

(planting date, plantain population management, fertilization, etc.),
and the literature describes market supply chains that depend on in-
frastructure enabling bunches to be moved from production fields to
local markets.

The bunch analysis on a field scale also revealed strong within-field
variability for bunch weights, which had rarely been identified and
quantified in the literature before. The average within-field variability
recorded was 4.2 kg, i.e. over a third of the average bunch weight
measured in this study. The cropped diversity of plantain varieties
could be an explanation of the variability in bunch weights, in line with
the various bunch structures and sizes among plantain groups (De
Langhe, 1961; Tezenas du Montcel et al., 1983). We did not collect any
varietal data in our study, but it would be interesting to link plantain
field productivity and heterogeneity with varietal mixture. Never-
theless, the explanation we would opt for would be the existence of
high variations in the initial quality of the planting material, which
consists almost solely of suckers taken from other plantain fields. Many
authors have identified the poor quality of planting material as being a
factor in declining plantain productivity (Banful, 1998; Ocimati et al.,
2013; Tenkouano et al., 2006) and a vector of diseases (Cote et al.,
2008; Ndungo et al., 2008). It has been demonstrated that choosing
healthy (Niere et al., 2014) or sanitized (Coyne et al., 2010) plantain
material improves growth and yields. Variations in the quality of
sucker-type planting material may be linked to multiple factors
(variety, type of sucker, physiological status and sanitary condition at
the time of sampling, sampling method, etc.), and could be the main
factor of within-field variability for bunch weights. It would be worth
taking a more in-depth look at the relation existing between planting
material quality and pre-harvest losses, particularly in terms of plantain
population lifetime, and quantifying the financial impact for farmers.

4.1.3. Yields difficult to estimate
We came up against a known difficulty (Hauser and van Asten,

2008) of estimating and interpreting the yield of traditional mixed
plantain-based cropping systems. The first expected yield component
was a number of potential bunch-bearing stems per unit area and time.

Table 4
Harvest proportion and measured yield.

Field Harvested stem proportion Measured yield

1 17% 17% 14.0
2 36% 36% 11.7
3 40% 40% 6.3
5 36% 36% 3.3
7 89% 89% 18.8
8 26% 26% 3.5
11 13% 13% 3.9
12 94% 94% 7.2
14 30% 30% 4.2
15 44% 44% 4.6
17 21% 21% 4.2
18 44% 44% 2.1
19 14% 14% 1.1
20 14% 14% 7.1
22 27% 27% 3.7
23 24% 24% 8.3
24 35% 35% 11.6
25 11% 11% 7.1
Area 40% 34% 6.82

Fig. 5. Summary of the links between studied variables and factors (organized in thematic groups) established with ANOVA and CART analyses. Bold and thin lines
represent significant effects of factors from both ANOVA (See Supp. Mat. E for details) and CART analyses and only CART analyses, respectively. Solid and dotted
lines represent positive and negative effects, respectively.
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The dynamics of the plantain population, characterized by a variable
density of mats (planting, replanting, replacements and toppling), a
variable density of potential bunch-bearing stems (grown in mats,
variable number of stems kept per mat) and by variable crop cycle
durations depending on the nutritional and health status of the plan-
tains (Ndubizu and Okafor, 1976), led to an uncertain estimation of this
first yield component, which only a more meticulous and time-con-
suming exploration of all the plantains in each study field would have
been able to improve. The size and variability of the measured pre-
harvest losses also showed that this yield component should be
weighted by an estimation of the risk of toppling before harvest, as we
attempted to do with the ‘BPdyn’ variable. The second expected yield
component was the average bunch weight. The high measured within-
field variability for bunch weights raised doubts about its value as a
yield component. Nevertheless, with a view to comparing between
study fields, we adopted yield modelling incorporating these limits. The
mean measured yield (6.8 t/ha/year) was within the average of 5–12 t/
ha/year for overall yields (Lescot, 1997) described in West and Central
Africa (See Introduction). However, our results also showed that this
value displayed very high variability between cropping systems
(1.1–18.8 t/ha/year). They highlighted the low representativeness and
the difficult interpretation of average yields established by the litera-
ture and the lack of knowledge regarding the true productivity of tra-
ditional plantain-based cropping systems.

4.2. Factors affecting plantain productivity

Some characteristics of the production and cropping systems were
identified as having a significant effect on bunch weight and plantain
field lifetime. The small number of fields studied did not enable a
generalization of the formalized rules, but the factors that were brought
to light suggested some study options for enhancing the understanding
of plantain productivity. Bunch weights were highest in the production
systems with the greatest means of production, in particular those with
access to chemical inputs. The high cost of plantain growing, particu-
larly due to the inputs needed, is often put forward by farmers as a
reason for the limited success of this crop. Most of the farmers achieving
high bunch weights had received agricultural training, with farming as
their main activity, and were not members of a farmer group. The fields
involved were usually far from homes, located on the edge of forest
zones where less land pressure would appear to allow fallow periods;
the fertility of their soil could also be better due to more recent de-
forestation. All the analyses identified fallow as a factor improving
bunch weights, corresponding to an already demonstrated improve-
ment in health status (Chabrier et al., 2010). Nitrogen fertilizer appli-
cation, either directly on the plantains, or on the interrops, was also
correlated positively with bunch weight. These aspects tally with the
importance of nitrogen nutrition for plantain growth (Anjorin and
Obigbesan, 1983), which would be worth looking into more closely by
variety, to assist farmers in their bunch weight objectives. The highest
average bunch weights were observed in the fields with the greatest
cropping diversity. There may exist some facilitation between the
plantains and their intercrops in agroforest systems (Zake et al., 2015),
but within the environment studied, where abiotic stress was very
present, the hypothesis would rather be that the fertilization and her-
bicides applied to the intercrops made a favourable contribution to
plantain growth. In addition, a large number of insecticide applications
on the intercrops was analysed as being detrimental to bunch weight,
the hypothesis being that chemical control destructures the trophic
networks harbouring predators of black banana weevils (Dassou et al.,
2015). Lastly, a plantain comprising a maximum of two stems would
seem to bear the heaviest bunches; this would confirm that the selection
of a single successor would promote bunch weight more (Vargas et al.,
2005). The plantain field lifetime was maximized in small fields, with a
limited number of annual crops intercropped with plantains, through
the use of organic fertilization and the absence or only very limited use

of insecticides. The use of organic fertilization is known for its positive
overall effects on plantain growth and yields (Ndukwe et al., 2009;
Obiefuna, 1991) and the low use of insecticide could be beneficial to
trophic networks rich in weevil predators, limiting toppling (Dassou
et al., 2015).

4.3. Insights for plantain cropping

The crop management sequences seen in the study fields revealed
major use of chemical inputs that positively influenced bunch weights.
The highest yields were achieved by cropping systems integrating ni-
trogen fertilization and pesticides. The three agricultural practices most
frequently implemented by the interviewed farmers were inorganic
fertilization, along with herbicide and nematicide applications. In ad-
dition, the average doses applied cannot be considered negligible,
corresponding to around half the rates recommended by experts in a
plantain monoculture based on input intensification. These results were
quite surprising, because it is generally accepted that traditional plan-
tain-based cropping systems in West and Central Africa would seem to
use very few or no inputs (RTB, 2013). Despite that pesticides were not
only applied on plantain, we cannot rule out possible technology
transfer or an imitation phenomenon related to export banana agro-
industries located in the area. It would be interesting to compare these
data with other plantain production contexts. However, farmers are
increasingly seeing the specialization of plantain crops with mono-
culture based on chemical inputs as a financial opportunity. This trend
can be considered worrying given some other observations during
farmer interviews: as already described by Hauser and Amougou (2008)
we found that farmers lacked knowledge of the main pests and diseases
of plantain and their impacts, the nutritional requirements of the dif-
ferent varieties grown depending on their development, and the che-
mical inputs applied. While the effects of fertilization and the use of
herbicides to limit competition from weeds were shown in this study on
the gain in bunch weight, it would be worth studying the effectiveness
of chemical input applications in these cropping systems, as they have a
heavy cost for farmers and also a major social and environmental cost
(de Bon et al., 2014). Furthermore, our results showed that the lowest
yields did not systematically correspond to the absence of, or minim-
alist use of inputs. It would be worth taking a more in-depth look at the
relation existing between plantain productivity and the level of spe-
cialization and chemical intensification in cropping systems on the scale
of a larger production zone, particularly in the current context of a lack
of quality planting material. Thus, in a food security and environmental
protection context (Temple et al., 2015), and faced with many alter-
natives to chemical inputs that have currently developed for export
bananas (Cote et al., 2008; De Lapeyre de Bellaire et al., 2016), we need
to recall the surge for agronomic research to support the development
of agroecological and productive plantain-based cropping systems.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.agsy.2018.10.001.
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