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Abstract To analyse nutrient use efficiencies in peri-

urban cattle and sheep production of West Africa with

their complex combination of free grazing and home-

stead feeding, data on demographic events, live weight

changes and milk offtake as well as types and amounts

of feedstuffs provided at the homestead and manure

deposited there were collected over 18 months in 9

cattle (C) and 13 sheep (S) herds in Sikasso, the second

largest city of Mali. Herds were either grazing only (go;

cattle: 4, sheep: 5) or grazing and supplemented at the

homestead (gs; cattle: 5, sheep: 8). Bi-monthly

collected samples of supplement feeds and manure

were analyzed for their nutrient contents. In cattle, herd

growth was higher in Cgs than in Cgo (P \ 0.05),

while it was similar in the two sheep groups. Live

weight gains of cattle and sheep were higher in the

rainy than in the dry season (P \ 0.05), but in both

seasons Cgo performed better than Cgs (P \ 0.05), due

to periodic short-distance transhumance of the former.

Similarly across groups, the quantity of dry manure

deposited at the homestead per animal and night ranged

from 550 to 880 g in cattle and 50 to 135 g in sheep.

Only 15–58 % of the dry matter and nutrients provided

through the supplement feeds were recovered in

manure at the homestead. We conclude that the current

ruminant production systems around Sikasso are still

very extensive in nature and not taking sufficiently

advantage of the rising market potential for animal

products.

Keywords Efficiency � Grazing � Manure quality �
Nutrient recovery

Introduction

The estimated annual growth rate of 2 % of the

regional livestock production in the Sahel and West

African countries (SWAC) does not satisfy the rapidly

increasing urban demand for meat, milk and eggs

(SWAC-OECD/ECOWAS 2008). Multi-annual trends

indicate that the gap between demand and supply may

persist and even widen in the 2020s (SWAC-OECD/

ECOWAS 2008). This is underlined by the region’s

continued strong dependency on extra-African

imports of products such as milk, beef, and poultry

meat.

With 10 million cattle, 13.7 million sheep, 19.1

million goats and 36.8 million poultry in 2013
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(FAOSTAT 2014), the Republic of Mali is one of the

most important livestock producing countries in West

Africa; its livestock sector contributes about 44 % to

the agricultural gross domestic product (SWAC-

OECD/ECOWAS 2008). Several authors stated that

Mali’s livestock sector is rapidly developing towards

specialized dairy farms (Debrah et al. 1995; Wymann

2005; Coulibaly et al. 2007), modern poultry farms

producing eggs, chicks and broilers (Traoré 2006), and

intensive sheep fattening units (Kolff 1985; Nantoumé

et al. 2009) especially in urban and peri-urban areas.

Here, livestock husbandry has become an important

activity for many residents (Hamadou et al. 2004; Thys

et al. 2005) to whom it provides food, income,

employment and social security (Thys et al. 2005;

PAM et al. 2006; Cohen and Garrett 2010). However,

feed resources on pastures surrounding the cities are

often insufficient to meet the growing demands for

produce quantity and quality in urban and peri-urban

livestock systems and must therefore be complemented

by homestead feeding of agro-industrial by-products

(Hamadou et al. 2008) and of forages and crop residues

from the rural hinterland (Coulibaly et al. 2007; Graefe

et al. 2008). This leads to a massive uni-directional

flow of nutrients from the countryside to the urbanized

areas; since animal excreta are not recycled back to the

cities’ hinterland, it also entails massive nutrient losses

around urban areas (Buerkert and Hiernaux 1998). In

this context judicious manure management is another

major challenge of urban and peri-urban livestock

systems (Thys et al. 2005; Powell et al. 2008; Diogo

et al. 2013).

To contribute to filling major knowledge gaps on the

resource use efficiency of peri-urban ruminant produc-

tion systems in West Africa, the present study aimed at

investigating inflows and outflows of dry matter, carbon,

nitrogen and phosphorus, through feeds consumed and

manure accumulated at typical, differently managed

livestock farms near Sikasso, the second largest town in

Mali, and to determine the efficiency of feed energy

conversion into animal products.

Materials and methods

Location and climate

Located in south-eastern Mali, Sikasso ecologically

belongs to the southern Sudanian savanna. The city

covers an area of 3,745 ha (Ministère de l’Habitat et

de l’Urbanisme 2005) and has a population of about

200,000 inhabitants. Its climate is characterized by a

rainy season from May to October yielding a total

precipitation of 800–1,100 mm and a dry season from

November to April. Sikasso is of high agricultural and

pastoral potential because its landscape embraces

many lowlands that hold significant residual moisture

during the first months of the dry season (Coulibaly

et al. 2007). Feed resources for ruminant livestock

consist of (1) the vegetation of natural pastures, and

(2) crop residues from rotational or associative

cropping systems based on cereals (maize—Zea mays

L., rice—Oryza sativa L., millet—Pennisetum glau-

cum L. and sorghum—Sorghum bicolor L. Moench.),

legumes (groundnut—Arachis hypogaea L. and cow-

pea—Vigna unguiculata Walp.) and cotton (Gossypi-

um hirsutum L.). The herbaceous layer of the pastures,

most relevant to grazer species such as cattle and sheep

(Van Soest 1994), is characterized by perennial C4

grasses of the genera Andropogon, Aristida, Cenchrus,

Digitaria, Diheteropogon, Heteropogon, Hyparrhe-

nia, Loudetia, Pennisetum, Schizachyrium and

Setaria, and in depressions with longer-term stagnat-

ing water also by Echinochloa spp. (Schmidt et al.

2011).

Livestock herds and management

At total of 9 dairy cattle (C) and 13 sheep (S) herds

were covered by this study, whereby 6 of the 9 cattle-

keeping households included in this study also kept

sheep. All livestock enterprises were located within a

15 km radius around the center of the town and are

further referred to as peri-urban units. The herds were

selected out of 125 livestock enterprises that had been

characterized in a previous study (Dossa et al. 2011;

Abdulkadir et al. 2012). For the present study focusing

on energy and nutrient use efficiency, grazing only

systems (go) were distinguished from systems that

combined grazing with supplement feeding (gs) at the

homestead; from the farmers initially approached for

the present study (5 each practicing go or gs in cattle,

10 each practicing go or gs in sheep) 16 agreed to

participate. All cattle were of the local N’Dama and

Méré (zebu 9 N’Dama cross) breeds that are with

their small body size less productive than exotic

breeds, but more tolerant to heat and trypanosomiasis,

and have the ability to survive on poor quality feeds
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(Bosso et al. 2009). Typical for peri-urban production

systems all cattle and sheep herds grazed natural

pastures and harvested crop fields at the city fringes

while receiving supplements at the homesteads. The

animals’ daily time on pasture averaged 11.5 h in the

dry season and 9 h in the rainy season. During April–

June and August–October, short distance transhu-

mance of B30 km around the city was practiced by the

4 Cgo herds. In the 5 Cgs herds lactating cows, and

sometimes also sick animals, were supplemented as a

group with maize bran, cottonseed expeller and

occasionally rice straw during the dry season. Over-

night, all herds were confined at the homestead in

corrals made from tree branches. During this time

calves stayed with their mothers, being separated

2–3 h before morning milking. Prior to the hand

milking, which in all dairy farms was only done in the

morning, the calves were allowed to suckle their

mothers for a few minutes to stimulate milk ejection.

For sheep only the Djallonke breed, which is of

relatively small body size but quite productive under

the conditions of the Sudanian savanna, was kept in

the studied herds. Animals were confined in pens near

the homestead overnight; lactating ewes were not

milked and lambs younger than 3 months were grazed

close to the homestead after morning departure of their

mothers to pasture. Five herds were only grazing

(Sgo), while the other eight herds were grazing during

daytime and as a herd received supplement feeds at the

homestead (Sgs) during the dry season; these mainly

consisted of maize bran, cowpea pods and dry or fresh

purchased grasses.

Data collection

Monitoring of homestead-based feed dry matter (DM)

and nutrient inflows and manure DM and nutrient

accumulation in the 9 dairy and 13 sheep herds

covered a period of 18 months (July 2008–December

2009). At the initial farm visit, animals in each herd

were individually ear-tagged, weighed and phenotyp-

ically described for future identification. At each

subsequent visit spaced 6–8 weeks apart, a structured

questionnaire was used to record information on

demographic events (animal exits for any reason,

and entries through purchases, births and gifts) that

had occurred since the previous visit. Types and

amounts of feeds offered at the homestead, feed

additives (i.e. minerals, vitamins) and veterinary

products used as well as the offtake of milk were also

recorded. This was accompanied by weighing the

daily amounts of feedstuffs offered at the homestead

using a portable electronic weighing scale (50 kg

capacity, 0.02 kg accuracy). Two representative sam-

ples (corresponding to 250 g DM) of all types of

feedstuffs offered were taken at each visit and pooled

per type and household for subsequent analysis.

In addition, the live weight (LW) of all animals was

recorded at each visit. Sheep and calves were weighed

with a suspended electronic scale (100 kg capacity,

0.5 kg accuracy). To minimize variations in LW due

to feeding and watering, weighing was carried out in

the early morning. LW of cattle above 100 kg was

estimated from body measurements using the equation

(Eq. 1) developed by Dodo et al. (2001) for the zebu

Azawak breed:

Y ¼ 0:0281x2�3:294xþ 125:217 ð1Þ

where Y = live weight (kg); x = breast width (cm).

The amount of milk extracted by hand milking

(further referred to as ‘milk offtake’, since it excludes

the amount of milk suckled by the calf) per animal was

quantified by weighing the milk (portable electronic

scale, 5 kg capacity, 1 g accuracy) on two successive

mornings at intervals of 8 weeks.

The amount of manure (faeces plus urine plus

organic material such as feed residues) accumulating

at the homestead was quantified by scooping the

complete dung heap into plastic sacks and weighing

these on the suspended 100 kg weighing scale every

8 weeks. Since farmers were informed about the

importance of this data, earlier transfers of the manure

heap from the homestead towards a field or garden

were signaled to the research team. Five representative

fresh dung samples (corresponding to 250 g DM each)

were collected per assessment date in each household

and pooled to one sample of 250 g DM per visit and

farm, but in contrast to the study of Lompo et al.

(2012) no further data on soils or crop yields of manure

target sites were collected for this study.

Chemical analyses of supplement feeds

and manure samples

For chemical analysis, the samples of feedstuffs

collected at the farms and the manure samples were

dried to constant weight at 60 �C and ground to pass a
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1-mm screen. Duplicates of all samples were analyzed

for DM concentration by drying 3 g air-dry sample

material at 105 �C for 5 h. Organic matter (OM)

concentration was calculated after dry-ashing the

sample at 550 �C for 4 h in a muffle furnace

(Naumann et al. 2004). A CN analyzer (Elementar

Analysensysteme GmbH, Hanau, Germany) was used

to determine the nitrogen (N) and carbon (C) concen-

tration with phenylalanine as a standard. Total phos-

phorus (P) was measured using a colorimeter (Hitachi

U-2000 spectrophotometer, Schwaebisch Gmuend,

Germany) according to the vanado-molybdate method

(Gericke and Kurmies 1952). Organic matter digest-

ibility (OMD) and metabolizable energy (ME) content

of feedstuffs were derived from the gas production of

sample material incubated in triplicate with rumen

liquor in vitro for 24 h (Menke et al. 1979) using the

equations of Close and Menke (1986) and Menke and

Steingass (1987). Sample analyses were conducted by

the laboratories of ICRISAT Sahelian Center at

Niamey, Niger, and the Faculty of Organic Agricul-

ture at Universität Kassel, Germany.

Calculation of nutrient and energy use

To assess efficiency of energy and nutrient use, the ME

provided by feeds offered at the homestead was

expressed per metabolic body mass (kg0.75 LW) and

day. The ME requirements for maintenance (0.43 MJ/

kg0.75 LW), locomotion (0.38 MJ ME/100 kg LW per

kilometer) and growth of adult (30 MJ ME/kg LWC)

and suckling sheep (Eq. 2) as well as for suckling

calves (Eq. 3) were taken from Jeroch et al. (2008). For

cattle, the ME requirements published by Menke and

Huss (1987) for maintenance (0.45 MJ/kg0.75 LW),

adult live weight gain (34 MJ/kg LWC), and milk

production (5.3 MJ/kg milk with 4 % fat) were used.

Lamb: ME req: MJ=dð Þ ¼ 0:43� LW0:75

þ 14:6þ 0:131� LWþ 23:9� LWCð Þ � LWCð Þ
ð2Þ

Calf : ME req: MJ=dð Þ
¼ 0:53� LW0:75 þ 15� LWCð Þ ð3Þ

where LW is live weight in kg and LWC is daily live

weight change in kg.

Since in international literature quantitative intake

data is neither available for grazing cattle nor sheep in

the southern Sudanian zone around Bobo Dioulasso

given the multiple difficulties to reliably determine

these in the vast rangelands, we based our assessment

of daily feed intake on pasture on research from the

West African Sahelian zone, even though sward

structure and botanical composition of pastures may

not be fully comparable. However, such differences in

botanical composition of pastures should not have

major effects on daily feed intake which is why the

following values can be confidently used across

Sudano-Sahelian West Africa. Averaged across the

year, a DM intake of 8 g/h per kg0.75 LW (Ayantunde

et al. 2002) was adopted for cattle and a value of 55 g

DM/day per kg0.75 LW for sheep (Fernández-Rivera

et al. 2005); for the yearly average ME concentration

of grazed forage the value of 8.7 MJ/kg DM published

by Herrero et al. (2013) for African grazing systems in

the sub-humid and humid zone was accepted. Collec-

tion efficiencies of DM, carbon and nutrients at the

homestead were calculated as the ratio between the

quantities (DM, C, N, P) recovered in the manure heap

and the respective quantities offered in supplement

feeds (Powell et al. 2008).

Statistical analysis

Data were analyzed with SPSS/PASW version 18.0

(SPSS Inc. 2010). To this end residuals of all data were

initially tested for normal distribution and homogene-

ity of variances before t tests were performed for all

continuous variables that were normally distributed.

The independent variables system (go, gs) and season

(rainy, dry) were only compared within, but not across

livestock species (C, S). Since supplementation of

cattle and sheep was only practiced in the dry season,

season 9 system interactions were not tested. All

comparisons were performed at the herd level.

Dependent variables comprised inputs and outputs of

DM/OM, C, N and P as well as LW changes of animals

and milk offtake from cows.

For variables that were not normally distributed, the

Chi square test was used in case of categorical

variables and the Mann–Whitney-U-test was applied

to continuous variables. In all cases, significance of

differences between means was declared at P \ 0.05.
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Results

Herd structure and dynamics

The average initial size of a dairy herd comprised 36

animals (28.6 TLU1) and 29 animals (23.2 TLU) for in

Cgo and Cgs herds, respectively (Table 1). Although

cows aged [40 months represented 40 and 65 % of

the initial Cgo and Cgs herds, there were no significant

differences between the two groups in terms of herd

structure. Animal inflow (P \ 0.001), outflow and

herd growth rates (P \ 0.05) were significantly higher

for Cgs than for Cgo herds. In both groups births

(83 % in Cgo, 42 % in Cgs, averaged across all herds)

and purchases (17 % in Cgo, 58 % in Cgs, averaged

across all herds) were the only sources of cattle inflow,

these were significantly higher in the rainy season than

in the dry season (P \ 0.05). Animal inflows through

purchases of mostly adult animals were more common

(P \ 0.05) during the rainy season than during the dry

season, whereas no significant differences were

observed between seasons for inflows due to births.

Cattle deaths due to weakness or disease (Cgo: 53 %;

Cgs: 11 % of all outgoing animals, thereof 70 %

animals aged less than 2 years), and outflows due to

slaughter (Cgo: 11 %; Cgs: 0 %), sale (Cgo: 16 %;

Cgs: 70 %) and as gifts (Cgo: 21 %; Cgs: 18 %) were

on average much higher, but extremely variable in Cgs

compared to Cgo herds (P [ 0.05).

In sheep, the initial structures of Sgo and Sgs herds

were similar to those at the end of the study, since

numbers of incoming and outgoing animals during the

study period were comparable (Table 1). Except for a

few cases of gifting and exchange of male animals in

Sgs herds, the main incoming routes were births (38 %)

and purchases (58 %). Among the 171 sheep leaving

the 13 herds during the study period, 47 % died due to

diseases (92 % adult sheep, 8 % lambs), 24 % were

slaughtered for ceremonies, 18 % were sold, 8 % were

stolen and 3 % were gifted to relatives or friends.

Live weight changes, milk production

and reproductive performance

The daily LW gain of lactating cows across the

18-months study period averaged 63 g (±126.1; Cgo)

and 15 g (±158.5; Cgs), whereby gains were higher in

the rainy season than in the dry season (P \ 0.05). In

both groups lactating cows lost weight during the dry

season (Table 2). Across the study period, the number

of lactating cows per herd and year averaged 8.5

(±3.69; Cgo) and 12.6 (±4.33; Cgs). Daily milk offtake

from Cgo cows averaged 0.77 l (±0.287; n = 38) in

the dry season and 0.9 l (±0.328; n = 41) in the rainy

season (P [ 0.05). At 0.79 l (±0.212; n = 63) the

average daily milk offtake from Cgs cows in the dry

season was lower (P B 0.05) than the milk offtake in

the rainy season (1.04 l ± 0.245; n = 70). The differ-

ences in daily milk offtake between the two types of

cattle herds were insignificant in each season. Across

the two groups, milk extraction spanned an extended

period of 354 days (± 31). The age at first calving and

the calving interval, respectively (Table 3), did not

differ (P [ 0.05) between the two groups, whereas the

prolificacy rate was lower and the overall mortality rate

was higher in Cgo than in Cgs (P [ 0.05). At 6 months

of age, the average LW of a Cgo calf was 70 kg (±19.3)

as compared with 60 kg (±13.6) of a Csg calf, pointing

to an average daily LW gains of 217 g (±202.9, Cgo)

and 185 g (±143.5 Cgs; P [ 0.05) between the second

and sixth month post natum (Table 2).

On average, adult sheep of the Sgo and the Sgs group

lost weight during the rainy season, but the variation of

the individual values was very high (Table 2). The

losses were just compensated by average daily LW

gains of 28 g (±26.7) in Sgo and 24 g (±48.7) in Sgs

(P [ 0.05) in the 6 months of dry season. The lambing

rate was 0.52 (Sgo) and 0.77 (Sgs) newborn per adult

female, with a prolificacy rate of 1.22 (Sgo) and 1.13

(Sgs); differences between the two groups were insig-

nificant in all cases. Average age at first lambing and

lambing interval were also not different (P [ 0.05)

between the two groups (Table 3). The average LW of a

one month old lamb was 3.3 kg (±1.40) and 4.5 kg

(±2.11) for Sgo and Sgs, respectively (P [ 0.05). Daily

LW gain during the first 6 months of life averaged

62.5 g (Sgo) and 48.5 g (Sgs), resulting in a LW of

20.3 kg (±5.11; Sgo) and 15.6 kg (±6.79; Sgs) for a

6 months old sheep.

Homestead-based feed ingestion and manure

accumulation

Dry season supplement feeds for lactating cows in Cgs

herds consisted mainly of maize bran and cotton seed

1 TLU, Tropical Livestock Unit: standardized animal of 250 kg

live weight; 1 cattle = 0.8 TLU, 1 sheep = 0.1 TLU.
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expeller (Table 4). Rice bran, Acacia albida (Del.) A.

Chew. pods and powder made of fruits from Parkia

biglobosa (Jacq.) R. Br. ex G. Don were also used, but

in lower proportions and frequencies. All Cgo herds

went on short-distance transhumance to the country-

side, staying within a 30 km radius around the city of

Sikasso twice a year: firstly when the grazing space

was reduced due to field cropping (mid-August to

October, about 75 days), and secondly when the crop

residues on harvested fields were depleted (mid-April

to June, about 60 days). Across the study period, the

daily DM intake from feeds offered at the homestead

averaged 1.51 kg for a lactating Cgs cow and provided

389 g of crude protein (CP), 1.0 kg of digestible

organic matter (DOM) and 12.9 MJ of ME. Daily DM

intake during grazing was 4.5 kg in Cgs and 5.5 kg in

Cgo cattle, providing 38.8 and 47.6 MJ ME, respec-

tively (Table 5). Taking into account the energy

requirements for maintenance, milk synthesis and

LW changes of the adult animal and its suckling calf,

the energy balance was strongly positive for a Cgs cow

and slightly positive for a Cgo cow.

Homestead feeding of sheep was based on maize

bran, grass mixtures and cowpea hay and pods

(Table 4). Whereas homestead feeding of Sgs herds

provided 0.29 kg DM, 32 g CP, 200 g DOM and

Table 2 Milk offtake and

live weight changes of

lactating cows and their

calves, and of adult sheep

and their lambs in two peri-

urban production systems in

Sikasso, Mali, during

07/2008–12/2009

a,b Significant differences

(P \ 0.05) between seasons

No significant differences

(P [ 0.05) between systems

Variable Grazing only Grazing ? stall feeding

n Mean SD n Mean SD

Dairy cattle: milk offtake (l/day)

Dry season 38 777 286.9 63 791b 211.9

Rainy season 41 903 328.2 70 1,036a 245.4

Dairy cattle: live weight change (g/day)

Dry season 34 -21.5a 65.21 44 -90.7a 120.57

Rainy season 32 235.9b 97.60 52 192.5b 85.32

Calves: live weight change (g/day)

Dry season 24 188.3 143.88 38 204.3 120.82

Rainy season 29 284.9 114.77 49 146.4 106.68

Adult sheep ([21 months): live weight change (g/day)

Dry season 24 27.8a 26.66 90 24.2a 48.71

Rainy season 15 -12.0b 42.57 40 -25.3b 41.65

Lambs (1–6 months): live weight change (g/day)

Dry season 9 72.5a 37.28 20 67.4a 34.52

Rainy season 6 27.7b 34.88 13 28.7b 28.61

Table 3 Reproductive parameters and overall mortality rates in two types of peri-urban herds of dairy cows and sheep in Sikasso,

Mali, during 07/2008–12/2009

Species and

management

Adults

(n)

Newborn

(n)

Yearly

calving/lambing

ratea

Prolificacy Mortality

rate

First parturition

(months)

Parturition interval

(months)

n Mean SD n Mean SD

Cows

Grazing only 47 19 0.27 0.94 6.1 23 45.2 6.05 15 24.1 5.34

Grazing ? stall feeding 123 47 0.38 1.00 3.0 29 51.0 9.89 10 20.7 2.79

Sheep

Grazing only 51 25 0.52 1.22 35.5 4 12.2 2.75 9 12.1 2.26

Grazing ? stall feeding 96 73 0.77 1.13 20.9 10 11.2 2.74 22 11.6 2.38

Yearly calving/lambing rate = number of newborns (dead or alive) during 12 months per 100 females in the herd

Prolificacy = number of living newborn/birth
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2.4 MJ ME per animal and day (Table 5), daily intake

on pasture averaged 0.72 kg DM for Sgs and 0.75 kg

DM for Sgo, providing 6.3 and 6.5 MJ ME. The yearly

energy balance was slightly positive for Sgs and

slightly negative for Sgo animals.

Faeces and urine excreted in the corral near the

homestead were occasionally mixed with feed left-

overs in Cgs and Sgs groups, whereas bedding

material was not used in cattle corrals and sheep pens.

All manure was heaped without any cover in the

courtyard; from there it was usually shifted to a crop

field just before the beginning of the rainy season, and

again after crop harvest. With no significant differ-

ences between groups, the quantity of manure depos-

ited at the homestead and potentially available for

cropland fertilisation was close to 600 g DM per

animal and night in cattle, and between 48 and 135 g

in sheep (Table 6). For both livestock species, no

significant differences were observed between groups

and between seasons, respectively, in the amount of

accumulated manure DM and in manure nutrient

concentrations (Table 6). Based on the partial nutrient

balance of homestead supplement feeding and manure

recovery in the corral (Cgs and Sgs herds only), the

resulting capture efficiencies for DM and nutrients

ranged from a minimum of 15 % to a maximum of

58 % (Table 7).

Discussion

Herd structure and dynamics

The herd sizes recorded in our study were larger than

the average of 1.4–2.4 TLU reported by Diogo et al.

(2010) for Niamey, Niger, and the 12.4 heads observed

by Thys et al. (2005) in Ouagadougou, Burkina Faso,

but lower than the values reported by Mattoni et al.

(2007) for Bobo Dioulasso, Burkina Faso. In terms of

size and breed diversity, the dairy herds in Sikasso also

differed from those in the capitals Bamako, Mali

(Bonfoh et al. 2005), and Dakar, Senegal (Diao et al.

2006), where herd sizes were large and local breeds

were substituted by imported ones. The relatively

smaller herds in Sikasso might be due to the fact that

the city’s dairy sector is developing only recently and

the degree of urbanization is lower than in other cities

mentioned. The average increase in Cgs herd sizes of

25 % over the time of study points to the willingness

of dairy farmers to expand their production (Amadou

Table 4 Types and proximate composition of supplement feeds used in five peri-urban dairy cattle units and eight sheep units in

Sikasso, Mali, during the dry season of 2008/09

Supplement feed Farmers using

the feed (n)

Proportion (%) of

use across farms

and animals

OM

(g/kg DM)

CP

(g/kg OM)

P

(g/kg OM)

OMD

(g/kg OM)

ME

(MJ/kg OM)

Cattle

Maize bran 5 52.5 866 101 7.1 727 9.5

Cotton seed expeller 4 23.6 894 175 7.4 625 7.2

Parkia biglobosa seeds 2 12.2 940 138 2.4 554 8.8

Faidherbia albida pods 1 10.1 950 73 2.6 565 8.5

Rice bran 1 1.6 896 106 8.3 733 6.4

Sheep

Maize bran 7 48.6 869 97 5.7 759 9.6

Grass mixtures 5 33.5 866 131 3.2 577 7.0

Cowpea hay 6 7.6 887 133 2.6 694 7.6

Cowpea grain 1 4.4 866 96 2.0 623 9.4

Rice bran 2 3.7 872 39 1.4 469 6.0

Sorghum bran 1 1.2 865 113 10.4 773 9.7

Cabbage leaves (fresh) 1 0.5 876 186 4.6 630 7.2

Cotton seed expeller 1 0.4 885 181 8.1 640 7.4

DM dry matter, OM organic matter, CP crude protein, P phosphorus, OMD organic matter digestibility, ME metabolizable energy
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et al. 2012). In contrast to the dairy herds, sheep herd

sizes remained almost constant in both management

groups during the study period. This indicates that

sheep keepers across the two groups had similar

production objectives such as sale of animals for cash

and fulfillment of social and religious obligations

(Dossa et al. 2011; Amadou et al. 2012), and similar

reasons for keeping sheep were reported from other

West African cities (Siegmund-Schultze and Risch-

kowsky 2001; Thys et al. 2005; Graefe et al. 2008).

Yet, the stagnant sheep herd sizes also reflected the

high mortality rate in both groups, due to the high

sensitivity of sheep to diseases (Lesnoff 1999) such as

ovine rinderpest and trypanosomiasis. Osaer et al.

(1999) reported increasing trypanosomiasis preva-

lence in Djallonke sheep in The Gambia due to loss of

trypano-tolerance, particularly against Trypanosoma

congolense and T. vivax (Geerts et al. 2008), due to

crossbreeding with susceptible Sahelian sheep breeds.

Live weight changes, milk production

and reproductive performance

The insignificant differences between the two dairy

cattle groups in live weight gains during the rainy

season is due to the same pasture-based feeding

Table 5 Daily intake (g/animal) of feed dry matter and

nutrients, live weight (LW) and daily live weight changes

(LWC), daily milk extraction as well as daily energy intake and

requirement (MJ ME/animal) of two differently managed

groups of peri-urban dairy cows and sheep in Sikasso, Mali,

during 07/2008–12/2009

Parameter values are averaged

across the 18-months study period)

Dairy cows Sheep

Grazing ? stall

feeding

Grazing only Grazing ? stall

feeding

Grazing only

Mean SD Mean SD Mean SD Mean SD

Supplement feed intake at homestead (g/day)

Dry matter 1,506 647.0 n.a. 293 150.4 n.a.

Nitrogen 62.3 67.04 n.a. 5.2 2.61 n.a.

Phosphorus 9.8 4.11 n.a. 1.2 0.46 n.a.

Organic matter 1,326 557.6 n.a. 255 130.5 n.a.

Intake of dry matter at pasturea 4,460 5,472 719 750

Performance per animal

LW adults (kg) 228 20.05 246 10.76 30.8 8.20 32.6 2.37

LWC adults (g/day) 15.4 158.49 63.4 126.14 6.8 51.33 14.5 35.97

Milk extraction (g/day) 914 255.7 849 306.4 n.a. n.a.

LW newborn (kg) 29 12.73 31 9.24 4.5 2.11 3.3 1.40

LWC suckling offspring (g/day) during:

1–6 months (calf) and 1–3 months (lamb)b
62.6 47.85 72.6 67.64 12.0 6.78 16.8 52.48

Energy intake per animal (MJ ME/day)

From supplement feed 12.9 0.0 2.4 0.0

From grazinga 38.8 47.6 6.3 6.5

Energy requirements per animal (MJ ME/day)

Maintenance requirement, adult 26.40 27.95 5.60 5.86

Extracted milk energy 4.84 4.50 0 0

LWC energy, adult 0.52 2.16 0.20 0.44

LWC energy, suckling offspring 7.56 8.05 1.51 1.31

Energy balance (ME intake - ME requirements) 12.4 4.9 1.4 -1.1

n.a. not applicable
a Estimated as outlined in ‘‘Calculation of nutrient and energy use’’ section
b Calculated as a weighted average for 12 months from LWC of suckling offspring, and average number of offspring per female and

year
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management during this period of the year. The present

live weight gains are higher than those reported for

adult cattle in high (?37 g/day) and low (?8 g/day)

input systems in Niamey (Diogo et al. 2010), which is

most likely due to differences in the pasture vegetation

around Sikasso (Sudanian savanna; C4 grasses, high

mass) and Niamey (Sahelian zone; C3 grasses and

forbs, lower mass). The dry season weight losses of 22

and 91 g/day observed in Cgs and Cgo cattle were in

line with dry season live weight losses of up to 22 % in

unsupplemented cattle in Central Mali (Schlecht et al.

1999) and much lower than losses of -300 g/day

reported by Fernández-Rivera et al. (2005) for night

grazing and supplemented village cattle herds near

Niamey. The dry season live weight losses of Cgs cows

indicate that despite supplement feeding the animals’

energy requirements were not fully met. Cgo cows, on

the other hand, nearly maintained their live weight

during the dry season due to the two transhumance

periods away from the city’s immediate neighborhood

(Fernández-Rivera et al. 2003; Ayantunde et al. 2011).

Although practicing transhumance requires investment

in labour and travel time, this is economically advan-

tageous (Turner 2000) over the purchase of too little but

expensive (Debrah et al. 1995) crop residues and agro-

industrial by-products in urban and peri-urban livestock

systems across the Sahelian and Sudano-Sahelian

zones.

The age at first calving of heifers observed in our

study was slightly lower than values reported for Méré

Table 6 Amount of manure dry matter (DM) excreted per night, and nitrogen (N), phosphorus (P), and carbon (C) concentration in

cow and sheep manure from two peri-urban livestock systems in Sikasso, Mali, during 07/2008–12/2009

Species and

management

Season Herds

(n)

Duration of

night rest (h)

Manure DM

(g/animal/night)

Mean ± SD

Nutrient concentration (%) in manure DM

N

Mean ± SD

P

Mean ± SD

C

Mean ± SD

C/N

Mean

Dairy cows

Grazing only Dry 4 12 618 ± 326.0 1.5 ± 0.30 0.4 ± 0.07 35.1 ± 4.66 23.4

Rainy 4 14 543 ± 244.6 1.3 ± 0.34 0.3 ± 0.06 30.8 ± 2.34 23.7

Grazing Dry 5 13 586 ± 277.3 1.6 ± 0.12 0.5 ± 0.20 37.9 ± 7.65 23.7

? stall feeding Rainy 5 16 880 ± 34.4 1.3 ± 0.31 0.3 ± 0.06 35.3 ± 8.60 27.2

Sheep

Grazing only Dry 5 13 72 ± 37.89 1.4 ± 0.67 0.4 ± 0.19 33.0 ± 9.66 23.6

Rainy 5 14 48 ± 31.44 1.1 ± 0.79 0.4 ± 0.25 32.8 ± 11.16 29.8

Grazing Dry 8 14 135 ± 96.60 1.4 ± 0.34 0.7 ± 0.46 37.2 ± 8.79 26.6

? stall feeding Rainy 8 16 108 ± 94.42 1.3 ± 0.22 0.4 ± 0.17 30.3 ± 9.09 23.3

Table 7 Amount of dry matter (DM), nitrogen (N), phosphorus (P), and carbon (C) ingested and recovered at the homestead of dairy

cows and sheep in the peri-urban grazing ? stall feeding systems in Sikasso, Mali, during 07/2008–12/2009

Variable DM N P C

Dairy cow herds (n = 5)

Feed intake at homestead 1,506 ± 647.0 62.2 ± 67.04 9.8 ± 4.11 531 ± 223.3

Manure 619 ± 278.4 9.6 ± 4.60 2.7 ± 1.31 229 ± 117.2

Nutrient recovery in manurea 0.41 0.15 0.27 0.43

Sheep herds (n = 8)

Feed intake at homestead 292.6 ± 150.43 5.2 ± 2.61 1.2 ± 0.46 102.3 ± 52.45

Manure 98.6 ± 78.61 1.4 ± 1.15 0.7 ± 1.02 35.3 ± 33.78

Nutrient recovery in manurea 0.33 0.26 0.58 0.34

Values are means (g/animal/day) ± SD
a Ratio between intake of dry matter and nutrients offered at the homestead, and manure deposited at the homestead-based corral
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cows under traditional management at Koutiala (Sa-

nogo 2011), a Malian town located about 121 km

north of Sikasso. However, the values were higher

than those reported for local taurine (N’Dama and

Baoulé) and zebu cows under traditional management

in Northern Ivory Coast (Sokouri et al. 2010).

Similarly, the present calving rate was higher than

the one reported by Ba et al. (2011) for traditional

cattle husbandry systems in eight villages located

about 50 km west of Sikasso.

Across seasons, there was no significant difference

between the two management groups in daily milk

offtake per cow, although Cgs cows received supple-

ment feed during the dry season. Values for milk

offtake are similar to those reported from Koutiala for

N’Dama 9 zebu crossbreed cows which were also

grazing and supplemented during the dry season

(Sanogo 2011). Values also compare well to those

reported for zebu breeds (Maure and Sudanese Fulani)

kept under controlled conditions at Niono in central

Mali (Coulibaly and Nialibouly 1998). However, the

present milk offtake is lower than the 1–2 l per cow

and day reported by Sanogo (2011) for stall-fed

crossbreed N’Dama 9 zebu cattle, by Bonfoh et al.

(2005) for local breeds in traditional pasture-based

production systems in Mali, and by Millogo et al.

(2008) for urban and peri-urban dairy holdings in

Ouagadougou and Bobo Dioulasso. Although low

milk offtake may partly be due to the genetically low

milk production potential of the N’Dama crossbreeds,

the above-mentioned deficient feed energy supply

during the dry season also has a negative effect on milk

yield and hence calf development as well as on live

weight development and reproductive performance of

the cow (Remppis et al. 2011). Certainly, the individ-

ual herder’s decision on how much milk to take off and

how much to feed to the calf also had a marked

influence, but this was not further investigated in this

study.

The live weight gains of sheep recorded in this

study were lower than those reported for a low input

sheep system in Niamey (Diogo et al. 2010). This can

in part be ascribed to the high prevalence of diarrhea

during the rainy season that was visually observed, but

not systematically recorded. From southern Mali

Tembely et al. (1995) reported that in the rainy season

the daily weight gain of lambs treated with anthel-

mintic drugs was higher than of untreated lambs.

When lambing for the first time, sheep in the present

study were younger than sheep in agro-pastoral

systems of the Sudano-Sahelian zone in Mali (Niaré

1996) and Senegal (Lesnoff and Lancelot 2010), as

well as traditionally managed sheep in central Mali

(Wilson and Durkin 1983). This indicates that the

sheep husbandry systems around Sikasso are presently

transforming from a traditional and input-extensive to

a more input-intensive management, even though the

preset lambing interval was longer than that reported

by Niaré (1996) for sheep in agro-pastoral systems of

the Sudano-Sahelian zone in Mali.

Homestead feed intake and manure accumulation

The shrinkage of pasture areas and pressure on natural

resources in the surroundings of Sikasso is related

to the flooding of many lowlands during the rainy

season which offers opportunities for sorghum and

rice cultivation and challenges livestock feeding

(Coulibaly et al. 2007). Similarly, farmers from the

region of Koutiala reported that the quantity of forage

is decreasing on their communal grazing areas due to

cropland expansion and increased grazing pressure on

the remaining pastures (Sanogo 2011). Since the major

constraint to urban and peri-urban livestock produc-

tivity is feed (Decruyenaere et al. 2009), the owners of

Cgo herds in Sikasso opted for periodic short-distance

transhumance, while those of Cgs herds provided

supplement feeds during the dry season. Yet, the

amounts of supplement feeds offered to Cgs herds

were lower than the quantities of supplement feeds

given to cattle in Niamey (Diogo et al. 2010), and did

also not meet the recommendations for dairy cattle

published for the region of south-eastern Mali (Sanogo

2011) and neighboring south-western Burkina Faso

(Ouédraogo et al. 2008). The maintenance energy

balances calculated for Sikasso indicate that with the

current feeding practices, 51 % of the ME ingested

above maintenance requirements was converted into

products (live weight gain of cows, suckling calfs and

milk offtake) in Cgs cattle, while Cgo cows converted

75 % of the ME ingested above maintenance into

these products. The practice of sending Cgo herds on

short-term dry season transhumance in order to

compensate decreasing feed availability on pastures

surrounding Sikasso seems thus to be more energy

efficient.

As far as sheep are concerned, the positive energy

balance in Sgs and their use efficiency of 55 % of the
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metabolizable energy supplied above maintenance

requirements for live weight gain of ewe and offspring

strongly contrasts the slightly negative energy balance

of Sgo animals and their very high use efficiency

(200 %) of the metabolizable energy supplied above

maintenance requirements. The latter indicates of

course energy mining or loss and thus in the long term

lowered overall productivity of Sgo herds. The

divergences must partly be ascribed to the approxi-

mation of daily feed intake on pasture. However, the

energy losses could in parts also have been due to the

above mentioned gastrointestinal problems that

occurred especially in the rainy season. During this

season, the risk of trypanosomiasis infection is also

high; the latter has been reported to reduce weight gain

in Djallonke sheep in the subhumid zone of West-

Africa (Sangaré et al. 2010).

Nutrient excretion and manure quality are highly

affected by the amount and quality of the ingested feed

(Paul et al. 2009). Hence, the absence of significant

differences in the amounts of manure produced and

manure quality between the supplemented and unsup-

plemented groups of cattle and sheep, respectively,

throughout the study period, may primarily be the

result of grazing-only based nutrition in the rainy

season as well as indifferent manure handling on all

farms. In the supplemented herds, about 24 % of N

and 25 % of P imported into livestock holdings

through purchased supplement feeds were recovered

in the manure heap accumulating at the homestead and

reused on crop fields. During the several months of

unprotected manure storage, however, nutrients are

continuously lost. Studies by Predotova et al. (2010)

showed that without protection of manure heaps from

nutrient leaching in the rainy season and gaseous

emissions due to high temperatures throughout the

year, yearly amounts of N and P lost from manure

heaps can reach 0.3 and 1.2 kg per 100 kg of dung dry

matter, respectively, under the climatic conditions

prevailing in sub-Saharan Africa. Covering the storage

heap with a simple plastic sheet or stover-made roof

and judicious use of bedding material in the corral can

prevent such losses (Camara 1996, Predotova et al.

2010) and substantially increase the collection effi-

ciency of nutrients at the farm level (Rufino et al.

2007; Tittonell et al. 2009), especially since manure is

often the only (cheap) nutrient source available to

smallholder farmers.

Conclusions

This study showed that peri-urban dairy production and

sheep husbandry systems in Sikasso exhibit a surpris-

ingly low productivity. Especially in herds receiving

homestead supplementation energy use efficiency and

nutrient capture efficiencies are unsatisfactory, partic-

ularly when compared with traditional, purely pasture-

based systems. At the current production intensity and

output level even the small amounts of supplement feeds

offered to dairy cattle seem a waste of resources

compared with the practice of periodic short-distance

transhumance at times when grazing resources near the

city are exhausted. We conclude that the described

livestock systems’ productivity may only increase if

market incentives from a growing (and at least partly

well-off) urban population and supportive extension and

veterinary services emerge. In secondary West African

cities such as in Sikasso, where these incentives are

lacking, the ruminant production systems are therefore

still of very rural rather than peri-urban character.
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