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The expected increase in livestock production to meet its increasing demand could

lead to increased water depletion through feeds production. This study aimed at

estimating the amount of water depletion through feeds and its corresponding

productivity in livestock within the three dominant livestock management systems

namely sedentary-intensive, sedentary-extensive, and transhumance in Yatenga and

Seno provinces in the Sahelian zone of Burkina Faso. Using a participatory rapid appraisal

and individual interview, beneficial animal products, and services were estimated, and

consequently, livestock water productivity (LWP) as the ratio of livestock products

and services to the amount of water depleted. Our results showed feed resources

are mainly natural pasture and crop residues are common in all the management

systems though the proportion of each feed type in the feed basket and seasonal

preferences varied. Consequently, water depleted for feed production was similar across

the systems in both provinces and ranged from 2,500 to 3,200 m−3 ha−1 yr−1. Values

for milk (40 US$US$/household) and flock offtake (313 US$/household) derived from

the transhumant system were higher (P < 0.05) than those from other systems in the

Seno province. With higher returns from the beneficial outputs, LWP was higher (0.11

US$ m−3) in the transhumant system than other systems in Yatenga, but similar with

sedentary-intensive in Seno Province Multiple regression analysis results showed that

LWP had a significant positive relationship with flock offtake in Yatenga but milk and

flock offtake in Seno. The study concluded that sedentary-intensive and transhumant

system with more market-oriented beneficial outputs and much dependence on

less-water-depleted feed resources will improve livestock water productivity in dry areas.

Besides, interventions to improve livestock water productivity through beneficial outputs

must recognize the unique socio-cultural context of the livestock farmers.

Keywords: management systems, water productivity, livestock, Sahel, feed resources

INTRODUCTION

Sahelian agriculture faces extreme climate variability exacerbated by climate change. The factor
diminishes the availability of land for food production or grazing, deplete water, and increase
the vulnerability of the people living in the region. Despite these challenges and conditions,
livestock still play an important role in food security strategies (Ayantunde et al., 2011), risk
aversion and socio-economic space among rural farmers. Among the major livestock inputs,
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feed, and water are the main limiting factors for livestock
productivity in the Sahel (Amole and Ayantunde, 2016). Seasonal
variation of major feed resources results in shortage of supply of
quality feed, particularly in the dry season and has implications
on the livestock productivity (Fernandez-Rivera et al., 2005).
Erratic rainfall increase usage and annual climatic variations
also place pressure on limited water resources in same region.
Increasing demand for livestock products presents opportunities,
especially for small-hold farmers, to supply livestock products,
it also puts pressure on the natural resource base, including
pressure on water resources (Wright, 2013) in an already water
stress region. Thus, increasing the necessity to improve water
productivity in sustainable ways (Delgado et al., 1999).

Livestock use of water and contribution to water depletion
trends are high and growing (Steinfeld et al., 2006). Many authors
have reported that water for livestock drinking and servicing
is the most obvious water use in livestock production systems
(Peden et al., 2007, 2009). However, it constitutes only a minor
part of total water consumption as compared to water use for feed
production, which is generally about 50–100 times the amount
needed for drinking (Peden et al., 2007; Gebreselassie et al., 2009)
where livestock depend solely on cultivated forage. Knowing that
the challenge of water scarcity will continue in the years to come,
it is worthwhile to consider suitable options for optimizing water
use in livestock production.

Livestock water productivity (LWP) is the ratio of livestock
products and services to the amount of water depleted and
degraded in producing them (Kurz et al., 2006; Peden et al.,
2007). Livestock convert water resources into high-value goods
and services, comprising many different products varying from
meat and milk, manure, draft power and transport, and other
services such as nutrient cycling, risks spreading and socio-
cultural roles (Thornton and Herrero, 2001). The variation in
types and quantity of outputs from livestock may depend on
the management systems, and of course feed availability and
feeding systems. Livestock products and services depend on
feed production which is the prime user of water resources
for livestock production (Peden et al., 2003). Consequently,
livestock keeping has important impacts on water resources
within the environment.

Options of improving LWP have been discussed including
animal management strategies (Descheemaeker et al., 2010).
However, how livestock management practices in difference
location affect LWP remain a gap across regions. Understanding
the spatial variability of LWP among major Livestock
Management Systems (LMS) in the Sahel could help in
identifying the gaps in water usage and livestock-derived benefits
within each system. This may consequently open pathways
to increasing LWP within the dominant LMS in the region.
Many authors have documented livestock-water interactions
(Peden et al., 2007; Descheemaeker et al., 2010) and particularly
focusing on livestock systems grouped based on crop typology,
watershed, and farmers’ wealth categories. There remains limited
available information on LWP based on the dominant livestock
management systems in West African Sahel. The objective of
this study was to quantify the LWP among the three livestock
management systems namely: sedentary-intensive production

system, sedentary-extensive and the transhumant systems in
Yatenga and Seno provinces in the Sahelian zone of Burkina Faso.
This is hoped to inform the nature on intervention among the
three different systems in order to enhance the livestock-water
interaction as the climate changes and impact water resources
in the Sahelian region. The two provinces are very different
in terms of ethnicity and livestock tradition. Seno province
is dominated by the Fulani who are pastoralists by tradition
while Yatenga province is dominated by Mossi, mostly crop
farmers. We hypothesized that good animal husbandry practices
and beneficial output from each livestock management system
improve livestock water productivity.

MATERIALS AND METHODS

Location
Burkina Faso is a landlocked country located in West Africa
in a semi-arid area with a dry tropical climate. The study
was carried out in Yatenga province in the administrative
northern region and Seno Province in the administrative Sahel
Region of Burkina Faso. The maps of the study sites in
each province are presented in Figure 1. Yatenga and Seno
provinces were selected based on availability of targeted livestock
management systems with contrasting production potential and
ethno-cultural backgrounds.

Climate and Vegetation
Yatenga and Seno provinces are situated in the Sahelian agro-
ecological zone. The climate is characterized by an extended dry
season from October till May, rendered even drier by the cold
dry season between December and February (Sanou et al., 2016).
The average annual minimum and maximum relative humidity
for this period are 26 and 62.8%, with an overall average of
44.4% (Some et al., 2006). Rainfall in the study areas is a crucial
climatic element, varying in amount, timing and intensity. Long-
term drought and erratic rains expose soils to degradation and
subject them to erosion as the soils in the area have poor water
retention capacity. Although both provinces have annual average
rainfall between 400 and 600mm, Yatenga province which could
be considered as the southern Sahel receives more rainfall than
Seno, a northern Sahelian region (Fontes and Guinko, 1995).

Yatenga and Seno record an average daily temperature of 35.9
and 37.2◦C, respectively (Plan Communal de Developpement
2014–2018 version finale from the Ministere De L’administration
Territoriale et de la Decentralization). In the study areas, the year
can be divided into three major seasons: the rainy season (June
to October), the early dry season (November to January), and
the late dry season (February to May). These three seasons define
biomass availability: in the wet season the crops are grown, and
a lot of biomass is available in the rangelands; in the early dry
season there is still some vegetation present and crop residues
after the grain harvest, while at the end of the dry season biomass
availability is lowest and there is a shortage of grazing resources
and crop residues. The vegetation is comprised of thorny steppes
dominated by Fabaceae-Mimosoideae species, banded thickets
and somewhat eroded tiger bush (Thiombiano et al., 2012).
Yatenga soil is classified as gravelly soils, with poor water-holding
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FIGURE 1 | The map of Yatenga and Seno province showing the study site.

capacity and low fertility, and are shallow and prone to extreme
runoff. They are typified with low in organic matter, nitrogen,
phosphorus and calcium contents and are sensitive to erosion
(Some et al., 2006). Most soils in Seno are made of clayey-sandy
materials due to their aeolian origin (sandy deposits are blown
by the wind) and the low rainfall, which does not allow for much
leaching of clay material. They have a solid structure, a low to
average cohesion and low organic matter contents (<3%).

Farming Systems
Yatenga province is composed predominantly of Mossi tribe
who are dominantly agro-pastoralist combining crop and animal
production, with more emphasis on crop and in proportions
that vary according to climatic and socio-economic conditions,
resulting in diversified production systems (INERA (Institut de
l’Environnement et de Recherches Agricoles), 1995). Farming
is largely based on hand-held tools: animal traction has been
promoted by extension services, with manuring, value addition,
composting, water conservation, and small-scale mechanization
(Ayantunde et al., 2020) Agriculture is intensified through the
introduction of Zaï and stone bunds, improving soil and water
conservation (Douxchamps et al., 2014). Most farms are of small
areas usually <5 ha (FAO, 2014). The main crops produced are
sorghum, millet and maize as staple foods. Crops are grown
once a year, during the rainy season with generally low yields.
Livestock management is mainly extensive involving cattle,
sheep, goats, and poultry.

In Seno, the basic economic activity is largely based
on livestock production characterized by high mobility or
transhumance. Livestock production is traditionally the mainstay
of the predominant ethnic group that is, the FulBe (Peuhl
or Fulani) in the province. However, with changes in climate
and land use, agro-pastoralism is increasingly practiced in
Seno province. For the management of the herds, some with
large number of animals and small land areas are forced to
practice transhumance over a 5–7 months period in search
of feed and water (Zampaligré et al., 2013). Typical features
of the three livestock management systems in the Yatenga
and Seno province (sedentary-intensive livestock management
system (majorly fattening), sedentary-extensive (free-ranging)
and the transhumant systems) are discussed in the following
sections. These systems were described as the main production
systems of livestock farming in Burkina Faso (Ministry of
Livestock Resources, 2011; Ayantunde et al., 2014, 2018; Catholic
Relief Services (CRS), 2014). The livestock management systems
under study have peculiar distinctions in terms of practices.

A sedentary-intensive system is often practiced for fattening
animals that are sold in local markets (Diallo and Boundaogo,
2011). There is total confinement of the livestock within
perimeter fence housing with intensive feeding (cut-and-carry)
with feed resources such as forages, legume crop residues and
agro-byproducts such as cottonseed cake and wheat bran. On the
contrary, in the sedentary-extensive, animals roam freely in the
community but are sometimes provided shed for shelter during
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the rainy season. Animals depend on natural pastures, household
waste and crop residues left on the field as feed resources. There
is minimal surveillance of the animals under this management
system (Ministry of Livestock Resources MRA, 2007). Unlike the
formal, transhumance is characterized by seasonal and cyclical
movement of varying degrees between complementary ecological
areas (SWAC/OECD, 2007). Transhumant production systems
are operated mainly by Fulani pastoralists, within Burkina Faso
but also extending north to and from Mali and Niger and
extending south to the coastal countries particularly Benin and
Ghana. The average cattle herd size under transhumant system is
more than 35 Tropical Livestock Unit (TLU) (Zampaligré et al.,
2013) and tends to focus more on milk. The transhumant herders
often have a permanent homestead where the older members of
the community remain throughout the year. Transhumance is
more dominant in Seno province than in Yatenga.

Data Collection
In calculating LWP, major data sets were required: household
composition, crop and land use, livestock production systems
including feeds, services and products and other socio-economic.
These data were both collected empirically and through
secondary data. Primary data were collected through interviews,
field observations and discussion with key informants to generate
the data.

Household Survey
A total of 200 households in four communities within the two
provinces were identified and randomly selected for the study
consisting of 50 households in each community representing
the dominant livestock management systems namely sedentary-
intensive, sedentary-extensive and transhumance. Number of
selected households for each livestock management system in the
study sites are presented in Table 1 depending on the number of
respondents available in different communities. There were more
household in both sedentary-extensive and sedentary-intensive
system; the survey limited the number to 20 per community. A
Participatory Rapid Appraisal (PRA) was used in discussing with
representative farmers (25 farmers) in each community in a focus
group discussion (FGD). This provided general information
on the farming systems, livestock feeding issues, crop and
livestock products, yield measurement, and other related issues.
This was followed by individual interview of farmers selected
based on their dominant livestock management system using
a semi-structured questionnaire. The questionnaire comprised
questions on household composition, household socio-economic
profiles, livestock holding and herd composition, production of
livestock products (milk, sales of live animals as flock offtake
and manure) and services (transport, draft power), land holding,
cropping patterns, crop yields, and feed resources. The survey
covered information on crop and livestock production within
12 months as it was difficult for farmers to give detail and
dependable information for over a period of 1 year. However,
information regarding the crop production, livestock numbers
and density were also generated from province agricultural and

rural development office. Tropical Livestock Units are livestock
numbers converted to a common unit.

Due to scarcity and difficulty in obtaining some relevant data,
this study relied on specific information both from gray literature
and published data which are discussed below. These were used to
make certain assumptions.We recognized that these assumptions
were no inexhaustive and may be limited in their application in
another context.

Estimating LWP
As described by Peden et al. (2007) and elaborated by
Gebreselassie et al. (2009) and Descheemaeker et al. (2009)
Livestock Water Productivity (LWP) is the ratio of livestock
beneficial outputs and services to water depleted to produce
livestock feed. To understand the LWP in each livestock
management system, LWP values were aggregated into the
related system in all the communities, using the equations
derived from Peden et al. (2007).

LWPi =

∑n
i−1(OixPi + SixPi)/

∑n

k−1WDk (1)

where i is the unit of observation per household, LWP livestock
water productivity (US$/m3),Oi the quantity of livestock outputs
(milk, flock offtake, and manure), Si the service type (traction)
obtained per year, Pi the local market price (US$) of each
outputs and service type; WDk the amount of water depleted in
evapotranspiration for production of animal feed resources (crop
residues, grazing land).

Estimation of Water Depleted in Producing
Livestock Feed
Depleted water was computed from the amount of water that is
lost through evapotranspiration (ET) using CROPWAT (FAO,
2003) software and NewLocClim database. In order to arrive
at the total depleted water for each crop grown and grazing
areas, the following equations show mathematical relation of
the different data sets used in calculating water depleted for
livestock feed:

ETci =
∑T

t=0(ETo ∗ Kci ∗ LGPij) (2)

where;

ETci= the total water depleted for I crop types biomass (grain
and crop residues) or grazing land in meter per hectare during
growing season in the different system
ETo = the average reference evapotranspiration in m/day of
the different system
Kci = crop coefficient of the crop type/grazing land i at
different growth stages t
LGPij = Length of growing period in days of the crop
types/grazing land i in different system.

FAO (1992) recommended the Penman-Monteith method
as a standard method for the computation of the reference
evapotranspiration (ETo). Reference evapotranspiration
calculated for Yatenga province was from Ouahigouya metrology
station whereas for Seno province Dori meteorology station was
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TABLE 1 | Household demographic and socio-economic profile of respondents across the study sites (in percentage).

Attributes Seno Yatenga

Sedentary-intensive Sedentary-extensive Transhumant Sedentary-intensive Sedentary-extensive Transhumant

Gender ofhousehold head (%)

Male 65.5 88.1 95.9 77.8 68.6 94.1

Female 34.5 11.9 4.1 22.2 31.4 5.9

Age (%)

15–40 years 25.7 32.6 35.1 35.2 18.3 12.4

40–60 years 71.3 60.3 60.3 61.1 80.2 85.5

>60 years 4 7.1 5.6 3.7 1.5 2.1

Educational Status (%)

No Schooling 45.8 38.8 65.3 50.0 60.3 23.3

*Informal school 14.3 56.4 34.7 36.1 20.8 60.2

Primary school 8.6 4.8 − 11.1 16.6 14.2

Secondary school 1.5 − − 2.8 2.3 2.3

Occupation (%)

Crop and livestock farming 100 100 100 91.9 97.9 75.0

Off farming businesses − − − 8.1 2.1 25.0

*Qur’anic school.

used. The Length of Growing Period (LGP) used for each crop
family and “pasture” for the grazing areas was determined by
CROPWAT 8.0 and adjusted with information collected during
FGD. In calculating, ET, we used the Kc for different stages of
development for each crop family from CROPWAT 8.0.

Water Depleted for Crop Residues

WDCRj =

∑

i
ETc,ij ∗

(

1−HIij
)

∗ CRij ∗ GAij (3)

where;
WDCR=Water depleted for crop residues in household j (mm)

ETc,ij = Evapotranspiration for crop i in household j (mm)
GAij = Growing area of crop i types in household j (m2)
CRij = Utilization factor of the crop residue of crop i for

household j (fraction)
A number of mathematical approaches and assumptions were

involved in generating data to estimate feed dry matter (DM)
production. To estimate the quantity of crop residues (CR)
produced from each crop type available in our study site as
livestock feed, we used harvest indices (the ratio of dry weight
grain or tuber yields to above-ground biomass dry matter yield)
from the total harvested yield recorded by each household for
targeted crop. Harvest index (HI) values tend to vary for the same
crop in the same region, we therefore, used data obtained from
Bacye and Bor (2011) to allocate the total water used between
the grain and crop residues. HI of 0.4 was used for maize, 0.21
for Sorghum, 0.23 for millet, 0.32 for cowpea, and 0.36 for
groundnut. Percentage of the crop residues usage as feed was
estimated for each household according to the response from the
survey. An intake of 90% of total the quantity of crop residues
offered was assumed as a use-factor based on literature (Adugna
and Said, 1994). Information on crop type, yield and the area
covered by each crop type were collected from farmers’ interviews

and confirmed by discussion with the officers in the province
Agricultural and Rural Development office.

Water Depleted for Grazing Lands
(Communal and Transhumance)

WDGLj = ETc,gr ∗ GLAj ∗ GL ∗ 10 (4)

where;
WDGL= total water depleted for biomass production on grazing
lands for household j (m3)

ETc,gr = evapotranspiration for biomass production on
grazing land (mm)

GLAj = grazing land area available for household j (ha)
GL= feed use factor for the grazing land (fraction).

Assumption and Secondary Data Sourcing
for Estimating Water Depleted for Free
Grazing Lands
We estimated dry matter production on uncultivated area of land
used as a communal free grazing area in each community both
from key informants and during the PRA and from literature.
Commonly found herbaceous species within the grazing areas
are: Cassia siaberiana, Casia tora Shoenefeldia gracilis Pennisetum
pedicelatum Andropogon pseudapricus Cenchrus biflorus.Woody
fodder species includes Acacia raddiana, Balanites aegyptiaca,
Acacia nilotica, Piliostigma reticulatum. The estimation of
dry matter productivity of the communal grazing areas is
somewhat difficult due to the non-homogeneity of the pasture
and unrestricted grazing. We therefore, assumed dry matter
productivity of natural pasture in the grazing areas in each
community as 1.5 t DM/ha/annum as average from several
reported values in the region (De Leeuw and Tothill, 1990;
Glatzle, 1992; Wylie et al., 1995; Diop et al., 2005; Dicko et al.,
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2006; Hiernaux et al., 2009; Sanou et al., 2016). We used grazing
land feed use-factor of 45% as an average of values of available
DM accessible by livestock during the wet and dry season for
grazing lands in similar agro-ecological conditions in the Sahel
(Le Houérou and Hoste, 1977; Breman and de Ridder, 1991;
Ayantunde et al., 1999 Sanon et al., 2007). Feed available from
communal grazing areas per household was estimated using
the associated number of livestock in TLU in each household
within the related management system, assuming equal access
per household. A total livestock density of 0.24 TLU/ha being
an average TLU/ha derived from the literature (Grouzis and
Sicot, 1980; De Leeuw and Tothill, 1990) was used to allocate
the communal grazing to each livestock owner relative to
livestock possession.

During the FGD, we observed that livestock within the
sedentary-extensive system graze freely on the communal grazing
land and also on left-over crop residue from the harvested field.
Based on the farmers responses, we therefore, estimated the
percentage contribution of crop residue to total available feed in
the sedentary-extensive system both from grazing on CR from
harvested field and those provided occasionally at the homestead
by the farmers. During the FGD in both provinces, transhumance
was observed to be of short distance with the movement away
from the communities between 5 and 7 months usually from
June to December. Feeds availability during the seven months
of transhumance was estimated based on similar assumptions
on the communal grazing area. Information of the common
locations visited during transhumance in the past 5 years was
provided during the personal interview and from the Agricultural
and Rural Development office. The approximate total distance
covered during transhumance was through the estimation of
daily distance covered during grazing each day and during
occasional night grazing based on the number of animals per
household. After transhumant, animals returned to homestead
for 5 months. During this period, the animals depend on in situ
grazing of CR on the harvested field according to the information
gathered during FGD. Generally, the information on the different
feed sources and percent contribution of each feed resource
to the total feed basket in each household within the different
livestockmanagement systemwas obtained during the individual
interview. The proportion of feed according to each respondent
was used to allocate related feed water depletion for each feed
resource within the household. ET for purchased feeds was not
accounted for based on little or no credible information on the
quantity, type and frequency of purchase. In each management
system, farmers rear livestock that may not necessarily fit into
the management system they claimed. We, therefore, considered
the only number of livestock that fit specifically within each
management system for each household.

Estimation of Livestock Beneficial Outputs
and Service
Livestock beneficial outputs (milk, livestock offtake, manure)
and services (traction, and transportation) were estimated in
monetary values in each management system. All ruminant
livestock kept by the households were considered in calculating

livestock beneficial outputs and services. To estimate the values
of these products and services, information on the livestock
herd structure, productivity and services given in a year
were calculated as suggested by Haileslassie et al. (2009) and
Descheemaeker et al. (2010).We converted the different livestock
populations to Tropical Livestock Unit (TLU) using a conversion
factor of 0.70 TLU/head for cattle and 0.10 TLU/head for sheep
and goats (FAO, 2003).

The beneficial outputs and services were estimated as follows:

(1.) In valuing the manure, some authors used the equivalent
value for fertilizer which may result in an overestimation
considering that livestock is not producing nutrients, but
merely recycling them. This study estimated the amount
of manure sold based on the practice in the regions
of study. In the study area, manures are collected for
farmers’ cropland in combination with inorganic fertilizer
(Abdoulaye and Lowenberg-de Boer, 2000). We therefore,
considered it an output, although, manure production and
its nutrient concentration vary significantly by season, feed,
level of production and animal activity (Haileslassie et al.,
2009). There are no complete and reliable data sets for
total manure produced, as total feacal output may not
be accounted for particularly under various management
systems (Bacye and Bor, 2011). We used farmers’ responses
to calculate the monetary values of manure for each
household. This may result in underestimation. Under the
transhumance, manure as output was only accounted for
during the 5 months animal spent within the study area
after transhumance. Manure is commonly sold in Charrette
(cart) in both areas. We used the market price for manure
in the communities over 5 years (2,000 CFA per 1 cart of
100 kg). To justify and adjust values for manure derived
in each livestock management system as reported by the
farmers, we also applied literature values of 2.08 kg day−1

TLU−1 as dry weight daily manure production for cattle and
0.35 kg day−1 TLU−1 for sheep and goat (Bidjokazo et al.,
2012; Gomgnimbou et al., 2014). The values obtained from
the farmers were complimented by the data collected by
the Agricultural and Rural Development office in gray and
published literature.

(2.) The annual milk production was estimated as a function
of the number of lactating cows, lactation period and
milk yield in liters day−1cow−1 in the study area and
was converted to monetary values based on the current
market price of milk sold by household in the different
production system.

(3.) Offtake rate at the household level was used as an
indicator of beneficial outputs obtained from livestock.
It was estimated by considering the current market

price (in FCFA converted to US$) of livestock
according to the ages of the different livestock species

that a farmer has sold, slaughtered and gifted out.
Values for hides and skins were not considered

in this study because the assumption taken was
about offtake of animals (no slaughter) and this was

confirmed by the farmers during the PRA as only one
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household occasionally practice hide making during the

individual interview.
(4.) The value of livestock traction service was estimated

from data collected on the daily cost of hiring draft
animals (cattle and donkeys) and the number of
working days per year in each farming system. The
current estimate of 610 FCFA = 1 US$ as at the
time of the study was used for conversion of FCFA to
US dollar.

Statistical Analysis
Data from survey and relevant secondary data were organized,
summarized and analyzed using SPSS ver. 25 and separate
difference in means (Duncan’s Multiple Range Tests, 1955) while
a stepwise multiple linear regression was performed to explore
relationships within the data and to determine the acceptability
or rejection of either Ho or Ha at α = 0.05. Descriptive statistics
was employed to present the qualitative variables obtained from
the household survey. The ranking of qualitative observation in
the order of importance was done using normalized ranking.

Normalized rank =
1−

(

Raw rank− 1
)

Total number of items ranks
(5)

RESULTS

Household General Characteristics
The productive members of the family, those aged between 15
and 60 years, accounted for more than 90% of the households in
all management systems while <7% were above 60 years of age.
The proportion of males doubled that of females in all systems
and both provinces but particularly <10% in all the transhumant
households (Table 1). At least one-third of the respondents
had no form of formal education except for Islamic school
(Quranic education) as regarded as informal. An average of 14
and 2% of the member of the transhumant household in Yatenga
had both primary and secondary school education respectively,
unlike in Seno where no member of the transhumant household
had any formal education. Besides crop and livestock farming,
between 8 and 25% of the respondent in Yatenga especially
with the transhumant household engaged in other off-farm
businesses (Table 1). Household off-farm income was common
across provinces but higher in Yatenga than in Seno.

Farming System: Land Holding, Cropping
Pattern, and Livestock Holdings
Generally, total cropped land area per household in Seno
ranged from 1 ha in transhumant system households to 3.7
ha in the sedentary-extensive system households. In Yatenga,
the total cropped land area per households ranged from 2 ha
in transhumant to 4.1 ha in the sedentary-extensive system.
Generally, in all the communities, households in the transhumant
systems had the least cropped land area. The major land use
for crop production was cereal cultivation as the major staple
crop in all the systems and both provinces (Figure 2). In both
provinces, millet was the most dominant cereal crop followed
by sorghum while cowpea was the dominant leguminous crop.
However, the farmers in Yatenga allocated more land area to

legume crops more than those in Seno province. There are no
private grazing areas except the communal land area outside the
communities where animals graze daily particularly during the
cropping season.

According to the respondents in Yatenga province, livestock
holding within the last 12 months ranged from 1.9 TLU in
sedentary-extensive to 5.0 TLU in the sedentary-intensive system
and 6.7 TLU in the transhumant system (Figure 3). In Seno,
livestock holding in the sedentary-intensive system was 4.8
TLU, 5.3 TLU in the sedentary-extensive, and 11.6 TLU in the
transhumant system. The number of goats was higher than the
number of sheep within the total flock in Seno Province. In
Yatenga, sheep flock was higher (P < 0.05) in sedentary-intensive
and sedentary-extensive than in the transhumant system. As
at the time of the study, livestock holdings (TLU) in all study
sites were higher in the transhumant system than in the other
management systems with higher (P < 0.05) cattle herd size.

Contribution of Different Feed Resources
Types and preferred livestock feed resources in the study
areas varied across the provinces and among different livestock
management systems in both wet and dry seasons (Figure 4). The
contribution of different feed resources to livestock diet within
different management systems in both study sites across seasons
showed that natural pastures were the main source of feed for
ruminants in the wet season, while crop residues (cereal straw,
legume residues) largely become the major feed sources as the
season progressed from wet to dry. Also, household by-products
become increasingly important particularly in Seno province
across the season, especially in the transhumant system.

Livestock Beneficial Outputs
We measured livestock beneficial outputs in all the livestock
management systems in terms of milk sold, livestock offtake,
manure sold, and livestock services (traction) offered (Table 2).
The result revealed higher milk production (liter/TLU) and sold
and flock offtake (TLU) in the transhumant system. The quantity
of manure gathered (kg/TLU) and sold were consistently higher
(P < 0.05) in both intensive and extensive sedentary systems.
The monetary values for manure production were similar (P >

0.05) in both the sedentary-intensive and sedentary-extensive
systems in the Seno province and higher (P < 0.05) than 0.27
US$ per household recorded in the transhumant. Values for milk
(40 US$) and offtake (313 US$) derived from the transhumant
system were higher (P < 0.05) than those from other systems in
Seno province. A similar trend was recorded in Yatenga province
(Table 3). Values for livestock services differed only (P < 0.05)
among the management systems in Yatenga province. Sedentary-
intensive and sedentary-extensive systems derived similar values
(24 and 26 US$, respectively) and higher than the values derived
in the transhumant system.

Water Depletion and Livestock Water
Productivity
The amount of feed estimated comprised crop residues derived
from major food-feed crops (maize, millet, sorghum, groundnut,
and cowpea) and nature pasture grass from grazing lands.
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FIGURE 2 | Land area cultivated for dominant crops utilize as feed resources by the respondents per Livestock Management System in the study sites.

FIGURE 3 | Livestock assets across different management system in both provinces.

The amount of water depleted from the different feed
types within the management systems varied significantly.
Water depleted from crop residue was higher (P < 0.05) in
the sedentary-intensive system (Table 4). However, total water
depleted per household for feed production used in the study
areas was similar (P > 0.05) among the management systems
(Table 5). Water depleted ranged from 2,500 to 3,200 m−3 ha−1

yr−1, though values were higher numerically in the transhumant
system than the others. With higher returns from the beneficial
output in the transhumant households in Yatenga, LWP was
highest (0.11 US$ m−3) in the transhumant system and lowest
in the sedentary-extensive system (0.06 US$ m−3). In Seno,
livestock beneficial output was similar in sedentary-intensive
and transhumant systems but higher (P < 0.05) than in the
sedentary-extensive system. The LWP followed a similar trend

in Yatenga (Table 5). In both provinces, the sedentary-extensive
system recorded the least LWP.

Regression Analysis
We performed multiple regression analysis in a stepwise
procedure to determine the relationship between livestock water
productivity (LWP) and traction, manure, milk, and flock offtake.
The model summary showed that among variables at Yatenga
province only offtake showed a significant positive relationship
with LWP while in Seno, flock offtake and milk were significant
variables predicting LWP (Table 6). In Yatenga province, about
81.5% (F = 430.95) of the variation in the LWP is explained by
net offtake while in Seno about 82.3 (F= 271.84) and 81.5 % (F=

518.74) of livestock water productivity (LWP) is explained by net
milk and offtake. Furthermore, the regression analysis indicated
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FIGURE 4 | Contribution of different livestock feed resources in both Seno and Yatenga province at (A) dry and (B) wet seasons. *Cotton seed cake; **Cereals bran.
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TABLE 2 | Livestock productivity (in TLU) in the study sites.

Province Livestock

management

system

Traction

(US$)

Manure

(kg/TLU)

Milk

(liter/TLU)

Offtake

(TLU)

Seno Sedentary-

intensive

0.63 7.27ab 4.09b 1.56a

Sedentary-

extensive

1.08 14.06a 2.61b 0.58b

Transhumant 0.36 3.20b 47.07a 1.79a

SEM 0.28 1.70 0.93 0.09

Yatenga Sedentary-

intensive

23.30a 8.75a − 1.21ab

Sedentary-

extensive

26.12a 11.85a 0.75b

Transhumant 5.11b 1.84b 42.4 1.84a

SEM 1.35 3.02 − 0.13

SEM, standard error of mean. Means with same superscript along the column at (P <

0.05) are similar.

TABLE 3 | Livestock beneficial output values (US$/ household /year) in the

study sites.

Provinces Livestock

management

system

Services Manure Milk Offtake

Seno Sedentary-

intensive

1.20 1.58a 7.48b 196.93b

Sedentary-

extensive

1.16 1.76a 2.18c 136.15b

Transhumant 0.22 0.27b 39.95a 312.58a

SEM 0.204 0.14 1.69 19.43

Yatenga Sedentary-

intensive

23.96a 1.07b − 152.70b

Sedentary-

extensive

25.60a 2.12a − 98.19b

Transhumant 6.08b 0.63b 32.6a 274.29a

SEM 1.23 0.20 1.88 17.83

SEM, standard error of mean. Means with same superscript along the column at (P <

0.05) are similar.

that an increased number of cattle in the herd will result in
more beneficial output especially in Seno where milk and offtake
linearly improve LWP.

DISCUSSION

The household size and composition are highly related to the
available labor force which are the productive members of the
family. Potential labor available for agricultural activities such as
sowing and harvesting of crops, collection of crop residue and
management of household herds, may ultimately contribute to
agricultural productivity and LWP (Ayele, 2012).

Based on the livelihood options, a higher cultivated land area
in Yatenga than Seno province is expected (Fraval et al., 2020).
This may also explain greater crop diversity in Yatenga province

TABLE 4 | Water depleted (m3/ha) by the feed types in different livestock

management in study sites.

Province Livestock

management system

Crop residues Grazing lands

Seno Sedentary-intensive 2147.85a 439.83c

Sedentary-extensive 583.21c 2195a

Transhumant 802.77b 2170.54b

SEM 0.628 1.509

Yatenga Sedentary-intensive 1909.71a 703.88c

Sedentary-extensive 522.42c 2371.10b

Transhumant 618.31b 2645.51a

SEM, standard error of mean. Means with same superscript along the column at (P <

0.05) are similar.

TABLE 5 | Water depleted for livestock feed per household (m3 ha−1 yr−1),

beneficial outputs per household (US$ household /year) and livestock water

productivity (US$ m−3) in study sites.

Provinces Livestock

management

system

Total water

depleted

Beneficial

output

Livestock

water

productivity

Seno Sedentary-

intensive

2585.84 291.10a 0.11a

Sedentary-

extensive

2777.18 103.63b 0.04b

Transhumant 2970.82 325.09a 0.11a

SEM 185.73 17.76 0.01

Yatenga Sedentary-

intensive

2634.57 222.48b 0.08b

Sedentary-

extensive

2888.71 164.48b 0.06c

Transhumant 3242.70 351.52a 0.11a

SEM 120.34 19.83 0.01

SEM, standard error of mean. Means with same superscript along the column at (P <

0.05) are similar.

when compared to Seno (Fraval et al., 2020). More crop diversity
could lead to crop residues diversity (Gaudin et al., 2015) thereby,
increasing the feed resource base within the province. Crop
diversity leading to more crop residues with better nutritional
values (Haileslassie et al., 2009) may improve the feeding value
of crop residues and thereby, improve LWP (Gebreselassie et al.,
2008). Among different livestock management systems, greater
cropland in the sedentary-intensive and sedentary-extensive
systems than the transhumant reflects the dominant primary
occupation and ethnic variation.

Crop residues remain the main feed resources at the end of the
wet season, which also coincided with the harvest period (Amole
and Ayantunde, 2015) and the natural pastures during the wet
season as shown in the study. From the study, there appears to
be a similarity in the type of feed resources within each system in
the study sites, though the proportion and water depleted from
each feed type in the feed basket and seasonal preferences varied
among the systems. Consequently, the contribution to total
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TABLE 6 | Stepwise regression of beneficial output variables of livestock water productivity in the Seno and Yatenga provinces.

Variable Correlation

coefficient R

Determination

coefficient R2

Adjusted

determination

coefficient (R2
AD)

F Unstandardized

coefficient B

Standard

coefficient β

t Sig

Seno province

Constant - - - - 0.016 - 3.211 0.005

Traction - - - - 0.033 0.033 0.737 0.463

Manure - - - - 0.032 0.032 0.773 0.441

Milk 0.907 0.823 0.820 271.84 0.000 0.876 2.33 0.021

Offtake 0.903 0.815 0.813 518.74 0.000 0.095 21.60 0.000

Yatenga province

Constant - - - - 0.004 - 0.612 0.542

Traction - - - - −0.014 - −0.320 0.750

Manure - - - - −0.022 - −0.499 0.619

Milk - - - - −0.030 - 0.676 0.501

Offtake 0.903 0.815 0.813 430.95 0.000 0.000 20.76 0.000

Regression equation was obtained based on the non-standard coefficients: Y = (0.016 + 0.000x1) + (0.016 + 0.000x2 ).

where x1 = Milk, x2 = Offtake.

water depleted of different feed types was statistically the same.
Contrary to results from other authors, variation in LWP among
systems in both provinces is not influenced by the amount of
water used in producing feed particularly when feed resources are
similar even though differed in proportion. One key strategy for
increasing LWP lies in selecting feed sources that use relatively
little water (crop residues, natural pasture and agro-byproducts)
or that use water that has little value for other human needs
for support of ecosystem services. Livestock across the systems
in this study sites depend on extensive grazing, crop residues
and byproducts (Peden et al., 2007, Descheemaeker et al., 2013)
and may influence the LWP when compared with systems where
livestock depend on feeds that use more amount of water. In
interpreting the result of the water used for feed, which was
similar in all system at both provinces, it is important to note
that the study used an estimated biomass yield for the Sahel (as
mentioned on the materials andmethod) considering the grazing
area as homogenous species in estimating the water depletion of
grazing areas. This does not reflect the real scenario as there is
spatial variability in yield across different locations in the Sahel
(Bayala et al., 2014). Premised on similarity in the water depletion
through feed in all the systems in both provinces, the results
showed that variation in LWP reflects varying beneficial outputs
among systems. Such variation in the different components
of benefits derived from livestock specific to each system is
expected based on the difference in socioeconomic profiles of the
study communities.

Higher dependence on communal grazing land especially
within the sedentary-extensive may lead to over-exploitation of
more feed and water and less water productivity. in the study
sites (Bekele et al., 2017). This an entry point for natural resource
management strategies to improve productivity and condition of
the communal land. Although the sedentary-extensive household
cultivated more land, the dependence on crop residue is lower as
most residues are left on the farm to be grazed. The opportunity

to further improve LWP in the study sites is feasible through
improving the collection, storage and feeding techniques of crop
residues (Blümmel et al., 2003).

Preference for feed type differed across the system, province,
and season, based on herd size, production target and probably
feed available. There is a higher preference for crop residue in
the sedentary-intensive system in both seasons to meet the feed
demand arising from higher herd size especially in Yatenga. With
higher herd size in transhumant, feed demand is usually met
by the cyclical movement of their large herd size into areas
where natural resource availability is highly variable in time and
space (Niamir-Fuller, 1999). It follows that transhumant takes
advantage of pastures and water, which a naturally not in direct
use but contribute to the ecosystem to meet the feed gap. The
large herd size has been reported as important in the pastoral
societies as a symbol of wealth and to strengthen social ties
within the transhumant system in the Sahel (De Haan et al.,
2016; Thebaud, 2017). Transhumant households specifically and
culturally keep cattle for status, milk production and rarely for
draft and manure production. The monetary value for milk and
flock-offtake in the region is higher than other livestock outputs.
This is likely to affect the LWP.

Generally, LWP results for each livestock management system
in this study are comparable with results (US$ 0.07 m−3 and
US$ 0.09 m−3 for rich farmers and poor farmers, respectively)
in areas with water stress in Ethiopia (Mekonnen et al., 2011).
Our results suggest that livestock water productivity within
the same agro-ecology varies among livestock management
systems depending on farmers’ livelihood options and services
derived from livestock. Values obtained in this study were
lower than reported by Gebreselassie et al. (2009) where water
depleted for feed and the beneficial outputs were also higher
than values in this study. It, therefore, follows that where the
beneficial output could be improved without increasing the
water depleted for feed, livestock production can be water
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productive (Peden et al., 2007). This fact is strengthened within
the result observed among the transhumant system in both
provinces where livestock production is more water productive
than the other systems in with regards to higher beneficial
outputs. Similarly, in Seno, where the sedentary-intensive system
recorded higher beneficial outputs, LWP was similarly higher
than the sedentary-extensive system. Transhumance livestock
system has been recognized as efficient and adaptive use of
dryland vegetation and water resources as explained by the
mobility paradigm underpinning transhumance in West Africa
(Moritz 2008; Ayantunde et al., 2014). However, some authors
have raised concern about its perceived effect on the natural
resource management and socio-economic well-being of the host
communities in the Sudano-Guinean zone especially through
competition for grazing resources (Ayantunde et al., 2014).

Variability in the contribution of each beneficial output that
influenced the values of LWP tends to be related to the variation
in each livestock management system. The outcome of this
study revealed that among those variables examined, milk and
offtake improve LWP within the transhumant and the sedentary-
intensive systems in Seno whereas only offtake seems to improve
LWP in Yatenga. This implies that inputs that can increase
offtake in Yatenga, and offtake and milk in Seno will most
likely increase LWP. Because livestock is raised as means of risk
diversification mostly by the households practicing sedentary-
extensive management system, beneficial output in terms of flock
offtake was lower. More flock offtake in the transhumant system
is made possible by a high number of livestock holding and
probably, better market access. The mobility of transhumant
stock allows herders to access markets to sell livestock, which is
often far from the best production zones (IIED and SOS Sahel,
2009). Furthermore, meat and milk are the major outputs, and
milk is produced for home consumption first before sale within
the transhumant system. On the other hand, in the mixed crop-
livestock systems, farmers majors on crop production and then
animals are raised for meat, manure and draft power (Kamuanga
et al., 1999). In an unpublished report, fresh milk from a cow
was rarely consumed in Yatenga province with predominantly
Mossi crop farmers, unlike in Seno province, predominantly
FulBe, where milk was sourced through the own-farm channel
and regularly consumed. This result confirmed that livestock
water productivity is positively related to animal productivity
(Mekonnen et al., 2011) and livestock multiple-use leads to
increased LWP (Panin and Brokken, 1993; Peden et al., 2007).

The monetary values for benefits derived from livestock are
important and consequently influence the LWP as shown in the
study. Households within the sedentary-extensive system derived
more benefit in terms of services (traction) and manure which
also reflect the sizes of cultivated land. However, the monetary
values derived frommilk and flock offtake are higher and as such,
their contribution to total beneficial outputs. Furthermore, the
higher number of cattle in the transhumant herd did not reflect in
the value for services in terms of draft as most of the transhumant
household cultivate a smaller area of land compared to others
(Erenstein et al., 2007), and do not also engage in rent/lease
of animal for traction according to the respondents. Lower
beneficial outputs derived from manure in the transhumant

system could be explained as what the respondent described
as cultural. Most transhumance Peulh interviewed considered
the sale of manure collected from cattle as a taboo. However,
monetary values from milk and offtake contribute to increased
LWP in the transhumant system.

Estimating the components of livestock water productivity
was based on several assumptions due to a lack of data as
described above. Beneficial outputs are based on actual sales,
excluding the indirect benefits to the farmer and households.
Based on these, it is recognized that the methods of estimation
employed in the study may overestimate or underestimate
livestock productivity. This factor has to be considered when
interpreting the results for further study.

CONCLUSION

The results of the present study had its value revealed in that
livestock water productivity varies among livestock management
systems in the Sahel was most strongly related to beneficial
outputs derived from livestock especially, milk and flock
offtake. Both sedentary-intensive and transhumant systems with
more market-oriented beneficial outputs had higher LWP.
Furthermore, the similarity in the type of feed resources across
all systems, though different proportions, influence the similar
values of water depleted in all the systems. Consequently, the
water cost for feed is similar in all systems. Change in feed
resource base into more-water-demand feed type, as livestock
production evolves in the Sahelian region, may influence
LWP. Therefore, livestock water productivity of the livestock
management systems in the study area and similar systems
in West Africa can be improved through interventions that
enhance the total beneficial outputs (flock and milk offtake)
from the systems. Also, the link between culture and livestock
management system was evident in this study. Therefore,
interventions to improve livestock water productivity through
beneficial outputs must recognize the unique socio-cultural
context of the livestock farmers.
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