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In sub-Saharan Africa, rapid population growth, urbanization, increasing
incomes, and changing dietary preferences are the main drivers of the rising
demand for livestock products, especially fresh milk and derived products.
To meet this demand, there is an increasing number of dairy cattle farms
in the densely populated coastal zone of Benin, where the country’s largest
city and commercial capital Cotonou is located. To identify and characterize
the peri-urban dairy production systems in this region, 190 cattle keepers
were surveyed, using the snowball sampling method, in four municipalities
neighboring Cotonou. Information on their socio-economic characteristics,
cattle herd sizes, and herd management practices were collected through
questionnaire-based face-to-face interviews. Factor analysis of mixed data
followed by hierarchical clustering on principal components, implemented
in R statistical software, were applied to classify the surveyed farms into
homogeneous groups. Results revealed six types of peri-urban dairy cattle
farms differing mainly in their cows’ breeds, herd sizes, and daily amount
of milk produced. Most herds (88%) were owned by urban dwellers, mainly
civil servants and traders, who entrusted the management of their cattle
to hired professional herders. lIrrespective of farm type, cows were of
local taurine (65%) or Sahelian zebu (35%) breeds and were exclusively fed
on communal natural pasture. Mineral supplementation was provided to
the animals on 42% of farms, with significant variation across farm types.
About 45% of the farms integrated cattle production with other agricultural
activities, including coconut plantations (22%), where cow manure was used
as fertilizer. The herd structure was similar across farm types, with average
proportions of cows and heifers ranging from 37.6 to 47.5% and from
13.1 to 19.7%, respectively. With significant differences across farm types,
the produced milk was either transformed into traditional cheese (32% of
farms) or sold raw (85%). Milk and cheese sales represented 84% of the
total farm income for three out of the six farm types. In the current
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context of rapid urbanization, communal grazing lands alone cannot provide
sufficient feed to support increased milk production. In addition to improved
feeding strategies, herd structure should be balanced in terms of the ratio
between milk-producing and non-producing animals.

KEYWORDS

dairy production systems, herd size, smallholder livestock keepers, urbanization, West

Africa

Introduction

Worldwide rapid urbanization has led to significant land use
changes (Wang et al., 2018; Thapa et al., 2021), with declining
land available for agricultural purposes, including also grazing
land (Swain and Teufel, 2017). For South Benin, Teka et al.
(2012) reported increasing use of agricultural and grazing lands
for residential purposes. From 2010 to 2020, the grazing lands
in the coastal areas of Benin have decreased by about 32%
(Tiando et al., 2021). This development is particularly affecting
the peri-urban dairy production, which provides up to one-third
of milk consumed in and around cities in developing countries
(Kapaj and Deci, 2017) and is therefore critical for developing
sustainable urban food systems (Benis and Ferrdo, 2017). The
shrinkage of grazing land in the rural-urban interface, along
with the increasing demand for fresh milk and milk products,
has introduced changes to peri-urban dairy production systems
(Cesaro and Apolloni, 2020). Recent studies from the West
African cities of Ouagadougou and Bobo-Dioulasso in Burkina
Faso (Dossa et al.,, 2015; Roessler et al., 2016; Vall et al,
2021), and Tamale in Northern Ghana (Roessler et al., 2016)
reported trends of intensification of livestock farming practices
through a gradual move from free-range grazing to zero-grazing
with the increasing use of commercial feed. Furthermore, the
increasing land demand for residential and non-farm purposes
has pushed many land owners in peri-urban areas to abandon
crop farming and sell their land (Follmann et al., 2021), leading
to the spatial decoupling of peri-urban livestock production
and croplands, and poor manure recycling (Graefe et al., 2019).
The latter is perceived very critically by urban dwellers, as it
has detrimental effects on the environment. Indeed, the poor
management of manure from dairy cattle can constitute an
environmental nuisance by polluting the surroundings of cattle
holdings, such as unpleasant odor (Pongracz and Pohjola, 2004),
and contamination of water bodies (Uyttendaele et al., 2015).

Livestock production contributes around 12% to agricultural
GDP in West Africa, ranging from 5 to 82% in individual
countries (Molina-Flores et al., 2020). It is an important
sector of agriculture in Benin, as it accounts for 13.3% of the
country’s agricultural GDP (Direction des Statistiques Agricoles
(DSA), 2022). With a national herd estimated at 2.3 million
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heads in 2017 (FAOSTAT, 2017), cattle represent the most
numerous livestock species and main suppliers of local meat
and milk. In analogy to the development across other sub-
Saharan African countries, the demand for animal-sourced
foods (ASF) in Benin is increasing at the same rate as population
growth and urbanization (Latino et al., 2020). This demand is
driven by rising incomes, improving economic status of urban
households (Roessler et al., 2016; Sounon, 2016; Ayantunde
et al., 2018), and changing dietary preferences (Delisle et al.,
2012; Holdsworth and Landais, 2019). In the context of rapid
urbanization, livestock production could play a determining
role in food security of developing countries (Enahoro et al.,
2018; Hatab et al., 2019), by providing important ASF. The
urban population’s increasing demand for ASE especially highly
perishable commodities such as milk and milk products, offers
great market opportunities for local producers (Poulsen et al.,
2015). In response to the burgeoning urban demand, local
producers have moved from rural to peri-urban areas where
dairy farming has gained importance (Craighead et al., 2018;
Ahmed et al,, 2019). This is particularly true for the coastal cities
in Southern Benin, where numbers of cattle and dairy farms
have been rising since 2012 (Koura et al., 2015). Additionally,
more than half of Benin’s population is concentrated in the
southern coastal region, especially in and around the country’s
largest city Cotonou which currently has 818,100 inhabitants
(World Population Review, 2022). The national production
of milk, estimated at 92,475 tons in 2021 (Direction des
Statistiques Agricoles (DSA), 2022), is by far insufficient to meet
the country’s needs for milk consumption. Consequently, the
country imports 10,000 tons of milk in total each year, equivalent
to a value of 10 billion West African Francs (XOF)! (Direction
des Statistiques Agricoles (DSA), 2022).

In urban areas of Benin, milk is consumed raw or curdled, as
“degue” after fermentation, and processed into the local cheese
“Wagashi” (Deteurtre et al., 2003; Sessou et al., 2013; Anihouvi
etal., 2019). Especially curdled milk is a very popular traditional
food in many West African countries (Nakasaki et al., 2008);
in Benin, it is offered in cafeterias and some restaurants as
a refreshment. Therefore, the production of curdled milk is

1 15244790 Euros.
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currently spreading in urbanized areas; for its production, some
manufacturers use only local cow’s milk, while others mix it
with imported milk powder (Boko et al., 2016). However, the
acceptability of local milk products by consumers is still limited
due to a lack of standardization and preservation practices
(Anihouvi et al,, 2019), and the major share of the national dairy
market still depends on imports of raw milk and dairy products
such as cheese, butter, yogurt and milk powder (Anihouvi et al.,
2019). As these imports are reducing the benefits gained by
the growing local milk production sector (Chatellier, 2020),
it is necessary to put in place adequate policies to increase
local milk production for overall acceptability. Sustaining milk
supply and consumption in urban areas, therefore, requires a
better understanding of the linkages between urbanization, peri-
urban dairy production, milk transformation, and marketing.
Although a few studies investigated the livestock production
along the coastal area in South Benin (Aboh, 2001; Koura et al.,
2015), only the latter explored cattle production systems. This
study was designed to clarify how dairy production systems in
the peri-urban area of South Benin operate and how they adapt
to urbanization.

Materials and methods

Study area

The study was conducted in South Benin (the country’s
coastal zone), from September to November 2020. The study
region is located between 1° 35'and 7° 30" Eastern longitude,
and between 6° 20'and 7° 30’ Northern latitude (Te¢ka,
2010), and has a subequatorial climate with two rainy seasons
alternating with two dry seasons of unequal duration, with
average annual rainfall ranging between 1,000 and 1,400 mm.
This region encompasses three departments (Atlantique, Oueme,
and Mono) out of the twelve that the country counts. The
department of Atlantique is the most populated with about

TABLE 1 Demographic characteristics of the studied municipalities.

Location Inhabitants Population growth Population
(n) rate (% per annum) share (%)

Abomey-Calavi 656,358 6.9 47 of Department
Atlantique

Come 79,989 5.8 16 of Department
Mono

Grand-Popo 57,636 5.0 12 of Department
Mono

Quidah 162,034 6.9 12 of Department

Atlantique

INSAE (2015).
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1.4 million inhabitants according to the last population census
in 2013 (INSAE, 2015). Although the department Mono is
one of the lesser populated with about 497,200 inhabitants,
it hosts cities such as Grand-Popo and Comeé with annual
population growth rates higher than the national average of
3.5% (INSAE, 2015). This also applies to the municipalities
of Abomey-Calavi and Ouidah in the department Atlantique,
where annual population growth between 2002 and 2013 was 6%
and thus nearly twice as high as the national average (INSAE,
2015). Based on their high population growth rates (Table 1),
but also due to the presence of high numbers of cattle keepers,
the four municipalities of Abomey-Calavi, Ouidah, Grand-Popo,
and Come were selected for this study (Figure 1).

Sampling of farms and data collection

A total of 190 valid records from dairy cattle keepers
were obtained across the study area (Table 2). The sample was
selected using the snowball sampling approach (Noy, 2008). This
method was chosen because there was no pre-established list of
cattle keepers available for the four municipalities, and it was
difficult to contact them without going through their peers. The
sampling of herds was facilitated through the collaboration with
livestock officers from the Territorial Agricultural Development
Agency “Agence Territoriale pour le Développement Agricole
(ATDA), and the support of the leader of the Fulani herdsmen’s
community in each location, who helped identify the dairy
cattle keepers. Only nominated cattle farmers who accepted
to participate in the survey (oral consent) were interviewed.
Information of farmers not producing milk or not completing
the interview, respectively, was discarded.

Data were collected at the farm level from the (male)
household head through face-to-face interviews using a semi-
structured paper-based questionnaire (Horton et al, 2004).
The qualitative and quantitative information collected included
household characteristics (ethnic group, age and gender
structure, education levels, main activities, and livestock
keepers’ status), main sources of household income, livestock
keeping experience, and training received, herd size and
structure (cows and bulls numbers and breeds), livestock-
related workforce and task distribution (herding to the pasture,
milking, milk transformation, health care), milk production,
transformation, and dairy product marketing, use of inputs in
dairy farming, cattle health care and housing, land ownership,
and land use (Appendix Table). Before its administration,
the questionnaire was pre-tested on 10 cattle farms in the
municipality of Abomey-Calavi that were not included in the
survey, and questions were revised if necessary. In each location,
the questionnaire was administrated in the local language
by two experienced enumerators recruited and trained for
this task.
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FIGURE 1

studied municipalities and surveyed cattle herds.

Map of West Africa with Benin marked in gray (upper left), Benin country (lower left) and the coastal region of Benin (right) showing the four

TABLE 2 Distribution of sampled farms across the four municipalities.

Location Surveyed farms (n) Proportion (%)
Abomey-Calavi 43 22.6
Come 30 15.8
Grand-Popo 52 27.4
Ouidah 65 34.2
Total 190 100

Data analysis

Prior to statistical analysis, all questionnaires were screened
for completeness and consistency of responses. All statistical
analyses were done with RStudio (Version 1.4.1106). First,
descriptive statistical analyses were performed to select the
suitable quantitative and qualitative variables to be submitted to
the factor analysis of mixed data (FAMD). A first exploratory
FAMD was realized to reduce the dataset into relevant and
uncorrelated variables. The analysis retained those variables that
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TABLE 3 Principal components obtained in the factor analysis of
mixed data (FAMD) analysis.

Component Eigenvalue Variance (%) Cumulative

variance (%)

1 1.730 34.60 34.60
2 1.034 20.69 55.29
3 1.011 20.22 75.51
4 0.884 17.69 93.20
5 0.339 6.79 100.00

showed numbers referring to loadings higher than 0.5 (Tables 3,
4) while retaining as much information as possible (Husson
et al., 2010; Mugumaarhahama et al, 2021). Subsequently, a
Spearman correlation test was performed to exclude correlated
variables among those retained in the FAMD. This test showed
that cows’ number was correlated with the quantity of milk
produced per herd per day in the rainy season (0.7), the quantity
of milk produced per herd per day in the dry season (0.7),
and the herd size (0.5). Also, the quantity of milk produced

frontiersin.org


https://doi.org/10.3389/fsufs.2022.1001497
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Yassegoungbe et al.

per herd per day in the rainy season (RS) was correlated
with the quantity of milk produced per herd per day in the
dry season (0.8), and the cows breed was correlated with
mineral supplementation (0.6). For those reasons, the variables

» o«

“cows’ number;” “quantity of milk produced per herd per
day in the dry season (DS),” and “mineral supplementation”
were excluded.

Next, a second FAMD was performed using the uncorrelated
variables (cows’ breed, herd size, and quantity of milk
produced per herd per day in the rainy season), and yielded
three dimensions. The first three dimensions accounted for
75.5% of the explained variances with Eigenvalues greater or
equal to 1 (Table3) and were retained for the hierarchical
clustering on principal components (HCPC) analysis. The
analysis and visualization of the collected data were performed
using the FactoMineR and factoextra packages. The clusters
obtained in the HCPC analysis were compared for categorical
variables using the Chi-square test, and for continuous
variables using the non-parametric Kruskal-Wallis test and
pairwise Wilcoxon test to characterize the different clusters.
Significant differences were considered at P < 0.05 for all tests
listed above.

TABLE 4 Factor loadings obtained in the factor analysis of mixed data
(FAMD).
Variable Components

1 2 3 4 5

Experience in cattle farming (years) 0.167 0.083 0.028 0.011 0.001
Livestock keepers’ status (owner-keeper / 0.404 0.336 0.008 0.052 0.005
employed keeper)

Herd size (class) 0.475 0.139 0.045 0.126 0.891
Cows” number (1) 0.612 0.206 0.000 0.005 0.002
Cows’ breed (dominant breed) 0.065 0.155 0.530 0.443 0.017
Contribution of cattle sales in total income 0.453 0.415 0.021 0.032 0.001
from cattle husbandry (%)

Contribution of milk sales in total income 0.440 0.417 0.014 0.025 0.003
from cattle husbandry (%)

Quantity of milk produced per herd per day ~ 0.587 0.261 0.000 0.005 0.000
(RS)

Quantity of milk produced per herd per day ~ 0.511 0.288 0.018 0.022 0.002
(DS)

Enclosure to confine the herd at night (yes/ ~ 0.098 0.031 0.253 0.120 0.012
no)

Milking duration (months) 0.076 0.021 0.176 0.319 0.065
Mineral supplementation (yes / no) 0.002 0.018 0.708 0.000 0.001
Eigenvalues 389 237 180 116 1.00
Variance (%) 27.82 1697 12.89 832 7.18
Cumulative variance (%) 27.82 44.79 57.69 66.02 73.20

For details concerning the variables please refer to the Appendix Table.
Loading values exceeding 0.5 are highlighted in bold.
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Results

Socio-economic characteristics of
peri-urban dairy cattle farmers

The peri-urban dairy cattle farmers in South Benin
with regard to their
including  their
group, level of education, main occupation, and source

shared many similarities socio-

economic  characteristics socio-cultural
of income. Irrespective of the surveyed municipality, the

dairy cattle farmers belonged to Fulani socio-cultural
group. They were men and mostly married with only
21.1% single farmers. They were illiterate in their large
majority (85.3%) with only 7.4% and 5.8% of them achieving
primary and secondary school, respectively. They generally
practiced cattle breeding as their main occupation (99.0%)
and main source of income (96.8%). They were also
all sedentary and practiced only natural grazing with no

feed supplementation.

Dairy cattle farms classification

The HCPC detected six clusters of peri-urban dairy farms
which were characterized as follows: (1) Small Herds of Zebu
[Yakana breed, also known as White Fulani; Figure 2(1)]
farms (SHZ); (2) Small Herds of Taurine [Boboji, Figure 2(2)]
farms (SHT); (3) Medium Herds of Zebu (Yakana) farms
(MHZ); (4) Medium Herds of Taurine (Boboji) farms (MHT);
(5) Large Herds of Taurine (Boboji) and Zebu (Yakana)
farms (LHTZ); and (6) Medium Herds of Zebu Goudali,
Figure 2(3) mixed with Taurine (Boboji) and/or zebu Yakana
farms (MHTZ). Among the farm types studied, the MHT
dominated with the highest proportion of 30%, while the
MHTZ and SHZ types showed the lowest proportion of 10%
each (Figure 3).

Although most of the dairy cattle farmers employed livestock
keepers (87.9%), the 12.1% remaining, mainly found in MHZ,
LHTZ and MHTZ groups, were both owners and keepers of the
herd (owner-keepers). Employed keepers were all professional
male herders from the Fulani ethnic group. Cattle keeping was
their main occupation (99.0%) and main source of income
(96.8%). Their average age was 37 =+ 13.1 years with 15 +
11.2 years of experience in cattle herding. Most of them were
illiterate (85.3%), but some had primary (7.4%), secondary
(5.8%), or university (1.6%) education levels. About 68.4% of
them practiced cattle keeping as their sole activity. Dairy cattle
keepers in LHTZ and MHZ groups were more experienced (P
< 0.05) than their counterparts from the other farm types, and
those in the SHT group were the least experienced. The herd
sizes significantly (P < 0.001) differed between farm types. The
smallest herd sizes (<30 heads) were found in SHZ and SHT,
medium herd sizes (between 31 and 70 heads) were observed
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(1) Yakana cow

FIGURE 2
Cow breeds in the peri-urban dairy cattle farms of South Benin.

(2) Boboji cow

(3) Goudali cow

SHZ

30%

FIGURE 3

Proportion of different peri-urban dairy farm types in the study
area in South Benin; SHZ, small herds of zebu (Yakana) farms;
SHT, small herds of taurine (Boboji) farms; MHZ, medium herds
of zebu (Yakana) farms; MHT, medium herds of taurine (Boboji)
farms; LHTZ, large herds of taurine (Boboji) and zebu (Yakana)
farms; MHTZ, medium herds of zebu Goudali mixed with taurine
(Boboji) and/or zebu Yakana farms.

in MHZ and MHT, and the largest herd sizes (>70 heads) were
found in LHTZ farm type. In consequence, LHTZ farms had
the highest number of cows, whereas SHZ and SHT had the
lowest (P < 0.001). The proportion of bulls in the herd was
low (4.9%) in all farm types, and much more in the LHTZ
group, so a wider male-to-female ratio (0.28) was observed on
SHZ farms than in the other groups (P < 0.001). The three
breeds encountered on the sampled farms were Boboji, Yakana,
and Goudali. Their presence varied significantly (P < 0.001)
across farm types. Although Boboji was common on SHT, MHT,
and LHTZ farms, the Yakana breed dominated on SHZ and
MHZ farms, and the Goudali was only found on MHTZ farms
(Table 5).
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Geographical distribution of peri-urban
dairy farm types

There were significant (P < 0.001) differences between the
farm types in terms of their locations. Whereas SHZ (68.4%)
and MHZ (47.8%) types were most common in Abomey-Calavi,
the largest and most urbanized of the localities, about half of the
SHT (51.6%) and MHT (50.0%) farms were found in Ouidah.
Furthermore, LHTZ were mainly found in Grand-Popo (42.9%)
and Come (35.7%), while MHTZ dominated in Ouidah (47.4%)
and Abomey-Calavi (31%) (Table 6).

Peri-urban dairy cattle management

Table 7 summarizes and compares the most important cattle
herd management variables across the different peri-urban dairy
farm types. Irrespective of farm type, all herd managers grazed
their herds on communal natural pastures in their respective
regions of settlement; supplementation of the animals with
concentrates and transhumance were not practiced. Across farm
types, the majority of livestock keepers grazed their cattle once
daily; an exception was the LHTZ group, where most livestock
keepers (69%) grazed their cattle twice daily (Figure 4). The daily
grazing duration was higher (P < 0.05) in LHTZ farms and
much lower in SHZ and SHT farms. Mineral supplementation
was more commonly (P < 0.001) practiced in SHZ and
MHTZ (73.7%) farm types than in the rest of the farm types,
with the lowest share of only 25% of farmers in the MHT
group.

From the rainy season to the dry season, the proportion of
herders who watered their cattle at the farm increased from 47.4
to 52.6% in the SHZ group, 25.8 to 61.3% in the SHT group, 17.4
t0 26.1% in the MHZ group, 14.3 to 25% in the MHT group and
42.1 to 52.6% in the MHTZ group. Very few (11.9%) herders in
the LHTZ group watered their cattle at the farm, irrespective of
the season (Figure 5).
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TABLE 5 Main characteristics of the six different dairy farm types in the peri-urban area of southern Benin; data depict either frequencies (%) or
means + standard error.

Variable Farm type

Overall SHZ SHT MHZ MHT LHTZ MHTZ Chi® P<

(n=19) (n=31) ®=23) (n=56) (n=42) (n=19)

Livestock keeper’s status 13.43 0.019
Employed keeper (% yes) 87.9 94.7 96.8 73.9 94.6 78.6 84.2
Owner-keeper (% yes) 12.1 53 32 26.1 5.4 21.4 15.8
Experience in cattle farming 1514081  134%+£197 11194223 182® +1.98 133 +£1.15 193° +192 157°+3.32 - 0.003
(years)
Herd size (classes) 344,58 0.001
<30 heads (%) 27.9 100.0 100.0 0.0 0.0 0.0 15.8
31-70 heads (%) 46.8 0.0 0.0 100.0 100.0 0.0 52.6
>70 heads (%) 25.3 0.0 0.0 0.0 0.0 100.0 31.6
Total herd size (n) 5494288 202+ 142 21.1°+1.07 47.0°4+2.14 487°+1.49 985°+349 769> +183 - 0.001
Cows (n) 23.6+137 7594098 8594060 215" +124 20.1°+090 42.9°4+225 349" +8.30 - 0.001
Cows in herd (%) 4264091  376+405 4004204  47.0+£293  412+138 4384175  47.5+2.89 - 0.036
Heifers in herd (%) 1844083 1874367 1824296 1774214 1974120 196+ 1.19  13.142.39 - 0.291
Female calves in herd (%) 1134£048 1054247 1254 1.61 9.7+ 1.18 1144070  113+£074 119+ 1.05 - 0.680
Male calves in herd (%) 113404 1044186  126+1.19 1044129  11.1£070 1114055  11.840.93 - 0.680
Young bulls in herd (%) 1024052 13.8+279 8.2+ 1.55 8.8+ 143 1044071 1124078 8.9+ 1.45 - 0.183
Adult bulls in herd (%) 4.9+0.28 8.0°+1.28  52°+059  57°4+085 494053  23°+£021 4.8 +081 - 0.001
Sex ratio (m:f) 0.1+£001 028 40.06 0.13*+0.01 0.13*+0.02 01424002 0.06°40.01 0.11° £ 0.01 - 0.001
Dominant breed (%) 340 0.001
Boboji (taurine) 64.8 0.0 100.0 0.0 100.0 76.2 375
Yakana (zebu) 31.6 100.0 0.0 100.0 0.0 23.8 413
Goudali (zebu) 3.6 0.0 0.0 0.0 0.0 0.0 21.2

abcWithin rows, values with different superscript letters are significantly different at P < 0.05; SHZ, small herds of zebu (Yakana) farms; SHT, small herds of taurine (Boboji) farms; MHZ,
medium herds of zebu (Yakana) farms; MHT, medium herds of taurine (Boboji) farms; LHTZ, large herds of taurine (Boboji) and zebu (Yakana) farms; MHTZ, medium herds of zebu
Goudali mixed with taurine (Boboji) and/or zebu Yakana farms.

TABLE 6 Geographical distribution of peri-urban dairy farm types across four study locations in South Benin.

Variables Farm types
SHZ(n=19) SHT(n=31) MHZ(n=23) MHT(n=56) LHTZ(n=42) MHTZ(n=19) Chi® P<
Frequency (%)
Municipality 85.08  0.001
Abomey-Calavi 68.4 226 47.8 3.6 9.5 31.6
Come 53 6.4 26.1 8.9 35.7 52
Grand-Popo 10.5 19.4 8.7 37.5 429 15.8
Ouidah 15.8 51.6 17.4 50.0 11.9 47.4

abeyithin rows, values with different superscript letters are significantly different at P < 0.001; SHZ, small herds of zebu (Yakana) farms; SHT, small herds of taurine (Boboji) farms; MHZ,
medium herds of zebu (Yakana) farms; MHT, medium herds of taurine (Boboji) farms; LHTZ, large herds of taurine (Boboji) and zebu (Yakana) farms; MHTZ, medium herds of zebu
Goudali mixed with taurine (Boboji) and/or zebu Yakana farms.

The use of occasional workforce differed significantly (P <

0.05) among farm types and was least frequent in SHT and SHZ
farms. The highest (36.8%) and lowest (3.2%) share of farms
employing occasional labor were observed in MHTZ and SHT

farms, respectively.
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During the rainy season, LHTZ and MHTZ produced
significantly (P < 0.001) higher milk volumes than other farm

types, when the lowest milk production was observed in SHZ

and SHT farms. The highest volume of milk during the dry

season was recorded in MHTZ farms and the lowest in SHZ
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TABLE 7 Cattle herd management across farm types in peri-urban areas of south Benin; data depict either frequencies (%) or means + standard

error.
Variables Farm types

Overall SHZ SHT MHZ MHT LHTZ MHTZ Chi? P<

(n=19) (n=31) ®=23) (n=56) (n=42) (n=19)

Use of occasional workforce (% 17.9 53 32 17.4 19.6 23.8 36.8 12.37 0.030
yes)
Integration of cattle and coconut 22.1 5.3 41.9 13.0 32.1 11.9 10.5 18.60 0.002
trees (% yes)
Daily grazing duration (hours) 8.8+0.10 84°+£022 8294028  89°+020 88<+021 94® 4017 8.8 +030 - 0.005
Mineral supplementation (% yes) 421 73.7 32.3 69.6 25.0 28.6 73.7 33.77 0.001
Watering infrastructure on farm 242 36.8 355 17.4 26.8 4.8 36.8 14.89 0.010
(% yes)
Enclosure to confine the herd at 73.2 89.5 54.8 86.9 62.5 85.7 89.5 19.81 0.001
nigh (% yes)
Milk per herd and day (liters)
Rainy season 113+£070  3.6°+£046  4.6°£042 107°+£120 9.9°+£0.65 184°+1.16 189 £4.55 - 0.001
Dry season 7.6 £0.55 2.9+ 0.46 3.7+ 0.38 6.8" £ 0.71 6.3° 4 0.39 10.6* £ 0.63 16.6" £ 4.30 - 0.001
Milk transformation into cheese 31.6 47.4 323 8.7 25.0 452 31.6 12.52 0.028
(% yes)
Milking duration (months) 884017 84 +£045 81038 93" +£053 88 £031 101 £038 7.5°+£048 - 0.001
Contribution of milk sales in total ~ 83.6=1.68  87.1°° £542 904 £2.64 74.6°+£568 882°+£278 757°+£4.13 834 +473 - 0.019
income from cattle husbandry (%)
Contribution of cattle sales in 10.2 £+ 1.56 7.4+ 5.12 1.66+1.05 187 +557  7.0°+2.66 173 +£3.89 10.7°° + 4.64 - 0.007
total income from cattle
husbandry (%)
Manure valorization 10.24 0.419
Selling (% yes) 46.8 26.3 355 522 44.6 59.5 57.9
Use on own land (% yes) 45.3 57.9 58.1 39.1 48.2 333 36.8
No valorization (% yes) 7.9 15.8 6.4 8.7 7.2 7.2 53

abeyithin rows, values with different superscript letters are significantly different at P < 0.05; SHZ, small herds of zebu (Yakana) farms; SHT, small herds of taurine (Boboji) farms; MHZ,
medium herds of zebu (Yakana) farms; MHT, medium herds of taurine (Boboji) farms; LHTZ, large herds of taurine (Boboji) and zebu (Yakana) farms; MHTZ, medium herds of zebu

Goudali mixed with taurine (Boboji) and/or zebu Yakana farms.

farms. The average milking duration was 8.8 months and
significantly (P < 0.001) longer in LHZT than in the other
farm types.

The quantity of milk produced per cow present in the herd
varied significantly (P < 0.001) between farm types in the dry
season, but not in the rainy season. The highest amount of milk
produced per cow in both rainy and dry seasons (0.65 and 0.52
L/day, respectively) was recorded in the SHZ group and the
lowest (0.47 and 0.26 L/day, respectively) in the LHTZ group.
The amount of milk (0.52 L/day) per cow present in MHTZ
farms during the dry season was similar to that recorded in SHZ
farms (Figure 6).

Raw milk transformation into cheese was less commonly
practiced (P < 0.05) by MHZ farms (8.7%) than by other

Frontiersin Sustainable Food Systems

farm types. Irrespective of farm type, parts of the produced
milk and cheese were consumed by the cattle keeper’s
household, and the rest was sold. The lowest (P < 0.05)
contribution of milk sales and the highest contribution of
cattle sales to farm income were recorded in MHZ and LHTZ
farms, respectively.

SHT (41.9%) and MHT (32.1%)
located in the municipality of Ouidah, integrated cattle

farms, mainly
production with coconut tree plantations. The use of
cattle manure as organic fertilizer was more frequently
reported in these two farm groups, but also in SHZ farms,
whereas most farms in the MHZ (52.2%), LHTZ (59.5%),
and MHTZ (57.9%) groups used to sell their manure
(Table 7).
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FIGURE 4

Grazing frequency per day across dairy cattle farm types in
peri-urban areas of south Benin.
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Cattle watering on the farm across dairy cattle farm types in
peri-urban areas of south Benin.
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FIGURE 6

Daily amount of milk collected per cow present in the herd
across dairy cattle farm types in peri-urban areas of south Benin.

Constraints of peri-urban dairy farming
The constraints faced by livestock keepers in the study area

did not vary across farm types but were significantly (P < 0.001)
different between municipalities (Figure 7).
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Shortage of grazing land was the most common and
important constraint to dairy cattle farming systems in the
peri-urban areas of south Benin, and this was attributed to
urbanization and crop production, while the difficult access to
water in the dry season posed a problem to a few respondents
only. Shortage of grazing land was reported as a constraint,
with a frequency ranging from 30 to 57% depending on
the municipality. A rising number of conflicts with vegetable
growers and crop producers, reported by 41% and 37% of the
interviewed livestock keepers in Ouidah and Abomey-Calavi,
respectively, was another important constraint. Although most
livestock keepers (89.5%) vaccinated their animals and cared for
the sick ones to prevent the spread of diseases and mortality,
animal diseases and mortality were reported as crucial problems
in Grand-Popo.

Discussion

This work aimed to characterize peri-urban dairy cattle
farms in the coastal area of south Benin, in order to understand
how they operate and adapt to the ongoing urbanization with
its challenges and also market opportunities. However, the study
was of exploratory nature only, with one of its shortcomings
being the use of the snowball method to select respondents,
as this method does not guarantee representativeness of the
sample. Due to the support provided by the departmental
representations of ruminant breeders and Fulani chiefs, this
method did nevertheless allow us to visit all dairy cattle keepers
in the four municipalities, even if not all of them agreed to
participate in our study. Another shortcoming might be the use
of a questionnaire-based survey that relies on herders’ memory.
This approach does not allow to collect reliable quantitative data,
in particular data on the amount of milk produced in different
seasons, and the quantities of inputs used. However, the method
could be easily replicated in peri-urban areas of other West
African coastal cities, and information collected was satisfactory
for the purposes of establishing a farm typology for further
in-depth studies.

As far as differences between dairy farms are concerned,
cattle breeds, herd size, and quantity of milk produced per herd
and day were the main distinguishing characteristics of the six
farm types obtained. The criteria that distinguished the six farm
types are partly different from the criteria found by Houessou
et al. (2019) in rural zones of Benin, who identified practice or
not of transhumance, season and distance of herd movements,
herd size, and dominant breeds as main differentiating factors,
whereby the latter two variables were also relevant in the present
study. In contrast, the distinguishing variables are similar to
those reported by Alkoiret et al. (2011) for northern Benin,
and breed, in particular, seems to be an important determinant
for cattle system characterization across the country. In the
study area, the Zebu Goudali breed is infrequently found on
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FIGURE 7

Main constraints (on vertical axis) of dairy cattle farming across four peri-urban locations in south Benin.
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dairy farms, although it is generally kept by Fulani herders
(Assani and Alkoiret, 2014) and is considered a good milk
producer. In the dominant MHT farm type, the Goudali was not
present; rather, the dwarf-sized taurine Boboji cattle dominated
the herds on these farms. The Boboji is a small-bodied breed
adapted to the humid conditions of south Benin, whereas the
Goudali, a shorthorn zebu cattle, is a native breed of northern
Nigeria and Cameroon. Its recent introduction in Benin through
transhumant herders (Houessou et al., 2022) could explain the
low presence of Goudali in peri-urban dairy farms of south
Benin. Its low adaptation to the main environmental constraint
(i.e., trypanosomiasis disease) could also be a further important
reason. A similar observation was made by Tamou et al. (2018) in
the pastoral areas of northern Benin, who reported that although
perceived as of high value for milk production, this breed was the
least preferred by pastoralists because of its low endurance.

All interviewed livestock keepers were Fulani, and the
majority was illiterate; in consequence, the livestock keeper’s
ethnic identity was unimportant in distinguishing farm
types, which contrasts with results obtained by Dossa and
Vanvanhossou (2016), Zoma-Traoré et al. (2020), and Soro et al.
(2015), who reported that ethnicity explained different types of
livestock keepers. For instance, Houessou et al. (2019) reported
that ethnicity plays a significant role in the adoption of a specific
herd mobility strategy, which was not substantiated in our study.
As opposed to peri-urban cattle production in Bobo Dioulasso,
Burkina Faso (Dossa et al., 2015), peri-urban dairy cattle farms
around Cotonou do not practice transhumance. Daily grazing
duration in all six dairy farming systems averaged 8 to 9h
and depended on travel distance. Taking cattle to grazing was
important, as grazing was the only source of energy and protein
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in these farming systems. The herds were taken to pasture once
or twice daily, depending on the pasture location, as well as on
the herdsman. As in the urban area of Bengaluru in India and
Bobo Dioulasso in Burkina Faso, dairy keepers in the peri-urban
area of southern Benin also heavily depend on public land as
pasture to feed their animals (Dossa et al., 2015; Reichenbach
et al., 2021). This is explained not only by the difficult access to
land, but also by the strong competition for land use, especially
in the urbanized areas where buildings, crop production, and
livestock must cohabit. In contrast to other peri-urban milk
production systems (Dossa et al., 2015; Toure et al., 2015), dairy
farmers in southern Benin neither purchased fodder and/or
concentrate feeds, nor did they produce fodder on the farm. This
suggests that cows and heifers are not properly fed and managed
to express their genetic potential and might partly explain the
low milk yields recorded on the investigated farms. However,
all surveyed livestock farmers, except those located next to the
sea in Grand Popo and Ouidah municipalities, offered mineral
supplementation to their animals. Farmers located near the sea
argued that the seawater already contains salt, so animals benefit
from salt spray onto adjacent pasture land.

Livestock keepers reared cattle for both milk and meat
production, but, irrespective of farm type, income generated
through animal sales was low compared to that from milk
sales. Indeed, employed keepers just managed the herds and
did not take decisions regarding the sale of animals, while
for the owners of these herds, who often belong to wealthy
urban elites (Robineau and Dugué, 2018), the cattle herd might
rather serve as a means of capital accumulation or to convert
income from dubious sources into legal assets (Ajala, 2020).
Employed keepers were paid a fixed monthly salary, whereby
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those in the most urbanized municipalities, namely Abomey-
Calavi and Ouidah, were better paid than others. In herds
where livestock keepers had full or partial control over the milk
produced, as well as in owner-managed herds, the sale of milk
did significantly contribute to income from cattle husbandry,
which agrees with findings from Bobo Dioulasso in Burkina
Faso (Dossa et al., 2015). The results also support the insights
of Mugumaarhahama et al. (2021) from South-Kivu province
in the eastern Democratic Republic of Congo, who reported
that if there are more cows than other animal categories in
the herd, milk production becomes the main objective of cattle
farming, even if both milk and meat are produced. In contrast
to observations by Assogba and Alkoiret (2015) in the Oueme
valley in southern Benin, who stated that cattle producers
specialize in either milk or meat, dairy farming systems in peri-
urban areas of southern Benin supply both products. It can also
be noted that the third product, manure, does not contribute
significantly to household income, as it is sold at a very low price
and sometimes offered to gardeners and crop farmers.

Milking was practiced once a day only, in the morning,
and lasted for 7 to 10 months per lactating cow across farming
systems. In view of the low milk production per animal, cattle
breed was a factor that influenced the production, with higher
milk yield in herds comprising a substantial number of zebu
cows. This is in agreement with the result from the peri-urban
zone of Bamako, Mali (Toure et al., 2015). LHTZ and MHZ
farms produced the highest amount of milk per herd, due to
their large herd sizes; at the same time, the average daily milk
production per cow in the herd was lowest on LHTZ farms
(0.26 L/cow), and therefore probably also the least profitable.
In contrast, SHZ, SHT, and MHTZ farms gained more milk per
cow and day than the other groups. Nevertheless, overall milk
production in all systems was low compared to other studies
(Toure et al., 2015; Anihouvi et al., 2019), whereby the low milk
yield may be partly explained by the fact that cows were milked
once a day only, which is consistent with findings reported by
Ndambi et al. (2008) in Cameroon.

In some farm types, milk transformation into cheese was
practiced quite frequently, although overall, it was practiced by
less than 50% of the peri-urban dairy farmers. The low share
of milk processing may be due to the fact that the herds were
often kept and milked far from the processing unit located
at the livestock keeper’s home. The fact that some livestock
keepers were single was another reason for not processing
the milk into cheese. Indeed, being a female Fulani activity,
milk transformation into traditional cheese was mainly handled
by female members of a livestock keeper’s household. Similar
patterns were observed in other studies, where the milk collected
by the livestock keepers was either processed into cheese or
sold in local markets by female family members, and the
livestock keeper’s family consumed just a small part (Assani and
Alkoiret, 2014; Daburon et al., 2014; Sessou et al., 2016). If milk
transformation was not undertaken, the raw milk was directly
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sold at the farm gate to mobile milk collectors. Most livestock
keepers (82%) perceived the sale of raw milk to be more or
equally beneficial compared to the sale of milk processed into
Wagashi cheese because they did not really calculate the benefit
gained from each product and underestimated the value added
to milk through its processing into cheese. According to our
own calculations, Wagashi cheese selling increased the gain per
liter of milk by 22% over selling raw milk. In view of the low
price of fresh milk compared to that of Wagashi cheese, cheese
production allows livestock keepers to benefit more from their
livestock activity and to sustain it (Licitra, 2010).

In this study, only 7% of the surveyed livestock keepers
did not valorize manure, a result that agrees with findings of
previous research in other West African cities (Amadou et al,,
2012; Dossa et al,, 2015), but sharply contrasts with current
practices elsewhere in Africa (Tadesse et al., 2021). This result
reveals that cattle keepers in the coastal area of Benin are aware
of the agricultural value of this resource. The high proportion
of livestock keepers who reported the sale of dung to urban
gardeners, irrespective of farm type, could be explained by the
fact that less than 25% of them integrated crop and livestock
production, as opposed to most cattle keepers (75%) in peri-
urban areas of Ouagadougou, Burkina Faso, who combined both
activities (Roessler et al., 2016). As highlighted by Awasthi et al.
(2022), when manure is returned to cropland, it contributes
to nutrient recycling as it enables to replace about 60 to 75%
of chemical fertilizer. Proper management of manure in the
peri-urban livestock production systems of southern Benin can
be considered an important contribution to the urban circular
economy (Tadesse et al., 2021; Oosting et al., 2022).

Most of the livestock keepers (52%) in farm types SHZ,
SHT, and MHTZ were watering their cattle on the farm, in
particular during the dry season. Watering is an important factor
in milk production. It was noted that watering cattle on the
farm had a positive influence on milk production because those
farm types with good milk production were those watering
their cattle on the farm. More frequently than others, MHTZ
farms used occasional workforce in addition to family labor
provided by the livestock keeper and household members. This
can be explained by the important number of animals in the
herd, especially cows, which need close monitoring on the
pasture. Furthermore, most MHTZ farms raise the zebu Goudali
cattle and provide mineral supplementation to the animals.
Irrespective of production systems, Goudali cows yield more
milk than Zebu Yakana and other local taurine cows (Kassa et al.,
2016). Therefore, the adoption of Goudali cattle and the practice
of mineral supplementation could both potentially contribute
to increasing and sustaining herd milk yield. Nevertheless,
high-yielding dairy cows should also be supplemented with
concentrate feeds, crop residues, or silage to enable them express
their full genetic potential, as has been described for the peri-
urban areas of Bobo Dioulasso and Ouagadougou, Burkina Faso
(Dossa et al., 2015; Roessler et al., 2016).
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Besides cow breed and feeding, herd structure is another
important factor that significantly impacts the herd’s milk
productivity and profitability (Liang and Cabrera, 2015). The
higher the proportion of mature and productive cows in a
herd, the higher the milk production and feed use efficiency
(Connor etal., 2013). In the current study, the herd structure was
similar across the different farm types, with average proportions
of cows (dry and lactating) and heifers ranging from 37.6 to
47.5% and from 13.1 to 19.7%, respectively. Marshall et al.
(2020) reported a similar herd structure in smallholder dairy
farms in Senegal. But despite their small size, SHZ and SHT
farm types produced more milk per cow than other farm
types. These farm types might keep a higher proportion of
mature lactating cows, thus productive cows, and fewer first-
lactating and/or dry cows; as has been shown by Liang and
Cabrera (2015), a higher share of first-lactating and or/dry
cows in a herd reduces the average milk yield per cow.
In addition to improved feeding strategies, increasing herd-
level milk yield in peri-urban areas of southern Benin will
therefore also require a balanced ratio between productive and
non-productive animals.

As increasing milk yield per cow in small farms is
a promising strategy for environmentally-friendly dairy
production in Africa (De Vries et al, 2019), and effective
in reducing food insecurity (Ong and Liao, 2020), we
argue that SHZ and SHT farm types should be targeted for
sustainable intensification of peri-urban dairy production
the
did not require additional hiring of

in southern Benin, especially since management
of small herds

occasional labor.

Conclusion

In the peri-urban area of southern Benin, dairy cattle farms
are mainly managed by members of the Fulani ethnic group
who are mostly employed livestock keepers. Milk, either sold
raw or processed into traditional cheese by female household
members, represents the main source of farm income. The
proximity of these farms to the country’s biggest cities in
the coastal area is beneficial for consumers of milk and milk
products, and for the livestock keepers’ revenues, but not for
dairy cattle management. With the ongoing rapid urbanization
and population growth, finding adequate feed and water
resources for the dairy herds is increasingly challenging due
to the drastic reduction of grazing lands, escalating conflicts
with crop producers, and with the residential population. To
cope with these constraints, livestock keepers spend more
time searching for pasture to feed their cattle. The amount
of milk produced under those conditions is small, especially
when considering the substantial number of cows in the herd.
To address these drawbacks, livestock keepers can improve
their feeding strategies by using more crop residues directly
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in the field after harvesting or by purchasing feed at the
local livestock marketplace. As selling milk in urban areas can
yield substantial profit, livestock keepers should be willing to
invest in livestock management to improve milk production,
reproduction, and also the growth of their animals. Among
the six identified peri-urban dairy farm types, the small-scale
farms with a mixed herd of zebu and taurine cattle produce
the highest amounts of milk per cow and could therefore be
the first ones to be targeted by researchers and policy-makers
for sustainable intensification of peri-urban dairy production in
southern Benin.
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