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Abstract

In most small-scale farms in sub-Saharan Africa, net negative balances of nutrients result when nutrients are removed from
the farm by harvested crops, because farmers cannot afford inorganic fertilizers. A key resource that could be useful in reversing
this trend is manure from livestock. The N, P, K, Ca, Mg, Fe, Mn, Cu and Zn contents of manures collected from six experimental
stations and twenty small-scale farms in the Ethiopian highlands were analysed. The manures contained, on average, 21.3 g K,
18.3 g N, 16.4 g Ca, 5.6 g Mg, 4.5 g P, 10776 mg Fe, 777 mg Mn, 92 mg Zn and 24 mg Cu per kg. Manures from experimental
stations contained significantly more N, P, K, Mg, Cu and Zn than the manures from smallholder farms, probably due to
differences in feed availability and quality. Fresh manures and stored (dry) manures were not significantly different in nutrient
concentrations although stored manures had slightly higher nutrient concentrations, probably as a concentration effect after
loss of carbon. Manures collected from farms in Deneba area had significantly greater contents of P, K, Mg, and Cu than
manures collected in Ginchi area, but, due to scarcity of fuel wood, farmers in Deneba use manures for fuel for domestic
cooking and heating instead of applying it to the soil. Afforestation programmes, or other programmes that would ease the
energy problem for domestic use, may be necessary if manures are to be applied to soils. Whether the amount of manure
in the livestock-dense Ethiopian highlands is sufficient to support crop production is unknown. Research in other parts of
Africa indicates that, although adequate manure may be applied to some fields, insufficient manure is available to support
crop production at a wider scale. ©2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Continuous cultivation of the land is resulting in
soil fertility decline in most agricultural systems in
sub-Saharan Africa (Smaling et al., 1993, 1997; Stoor-
vogel et al., 1993; Hartemink, 1997; Sanchez et al.,
1997). Because most small-scale farmers cannot af-
ford inorganic fertilizers, net negative balances of nu-
trients result when nutrients are removed from the
farm by the harvested product. A key resource that
could be useful in reversing this trend is manure from
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livestock, particularly cattle (Frissel, 1978; Powell and
Mohamed-Saleem, 1987; Murwira et al., 1995; Braun
et al., 1997). Manure and other waste products of
plants and livestock have been used as soil amend-
ments for centuries. These materials were the only
ways of quickly improving soil fertility before the ad-
vent of chemical fertilizers. In Ethiopia, application of
cattle manure to maize (Zea maysL.) in a hedgerow
intercropping system reversed nutrient balances (dif-
ferences between nutrients applied at planting time
and nutrients removed with maize grain and stover at
harvest) from net negative balances of−7 to −19 kg
N ha−1, −4 to −12 kg P ha−1 and −10 to −26 kg
K ha−1 where no nutrients were applied, to net posi-
tive balances of 59 to 62 kg N ha−1, 9 to 35 kg P ha−1

and 74 to 80 kg K ha−1, where 3 Mg DM ha−1 of cat-
tle manure was applied (Lupwayi and Haque, 1999a).

In Zimbabwe, where manure application is a
well-established practice, the quality of manure as a
plant nutrient source has been found to vary widely in
chemical composition (Tanner and Mugwira, 1984).
Thus, recommended manure application rates vary
from 4.5 to 20 Mg DM ha−1 (Murwira et al., 1995).
Ethiopia has one of the highest densities of livestock
in sub-Saharan Africa, but the quality of the manure
produced in different parts of the country is not well
known. The objective of this work was to assess the
nutrient contents of cattle manures in the Ethiopian
highlands and to examine whether the source and
storage of the manures affect their quality.

2. Materials and methods

Manures were sampled from six experimental sta-
tions in different parts of the Ethiopian highlands,
ten small-scale farms in the Deneba–Enewari area
(2600 m above sea level (masl)), and ten small-scale
farms in the Ginchi area (2200 masl) (Table 1). Both,
fresh and dry (stored) manures were sampled at each
site (except at Ambo, where there was no stored
manure). Fresh manure was sampled within hours
of being voided, usually indoors, and dry manure
was sampled from storage sites which had been in
existence for at least six months. The means of ma-
nure storage and the types of feed that the cattle had
usually been fed were recorded (Table 1).

The manures were analysed for the macronutrients
N, P, K, Ca, and Mg and the micronutrients Fe, Mn,
Cu and Zn (Tekalign et al., 1991). Analysis of variance
(SYSTAT, 1992) was used to compare the nutrient
contents by source of manure and by storage method.
All the nutrient contents were used in principal com-
ponent analysis (PCA) (SYSTAT, 1992) to examine if
the different manures could be grouped into clusters
with different nutrient contents.

3. Results and discussion

The macronutrient, on average, contained in the
highest quantities in the manures was K (21.3 g kg−1),
followed by N and Ca (18.3 and 16.4 g kg−1, respec-
tively) with Mg and P contents being the lowest (5.6
and 4.5 g kg−1, respectively) (Table 2). This order
is in agreement with that reported by Lupwayi and
Haque (1999b) for cattle manure sampled at the ILRI
research station at Debre Zeit (averaged over two
years): 29.0 g K, 22.7 g N, 19.2 g Ca, 11.1 g Mg and
9.7 g P kg−1. The nutrient contents were higher at
Debre Zeit because it is an experimental station (see
below). Manures in several countries in West Africa
were reported to contain 8.9–25.0 g N, 0.9–3.5 g P
and 2.5–37.0 g K kg−1 (Williams et al., 1995). In
the current study, the order of micronutrient con-
tents in the manures was Fe (10776 mg kg−1) > Mn
(777 mg kg−1) > Zn (92 mg kg−1) > Cu (24 mg kg−1).

In West Africa, on-farm trials have indicated
that manure is required to be applied at rates of
3–7 Mg ha−1 every other year to replenish the nu-
trients taken off the farm through crop removal
(Williams et al., 1995). At an application rate of 3 Mg
DM ha−1, these manures would supply the following
amounts of nutrients per hectare (using ranges of
nutrient contents in Table 2): 35–82 kg N, 7–21 kg P,
32–163 kg K, 30–74 kg Ca, 10–37 kg Mg, 11–67 kg
Fe, 0.8–5.7 kg Mn, 0.02–0.26 kg Cu and 0.15–0.65 kg
Zn. However, not all the nutrients will be released
from the manure in one season. In a two-year study
at Debre Zeit, it was found that, on average, 28% of
the N, 19% of the P, and 90% of the K were released
into the soil in the first season; Ca and Mg were im-
mobilized (Lupwayi and Haque, 1999b). Therefore,
if the manures analysed in the current study were ap-
plied at 3 Mg DM ha−1, they would release 10–23 kg
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Table 1
Sampling sites and manure storage practices at experimental stations and farmers’ fields

No. Location Farmer/station Storage Livestock feed

Station 1 Alamaya 09.10◦N, 42.30◦E university station open-air heap concentrates, silage, hay
Station 2 Adamitulu 07.53◦N, 38.41◦E government station trench concentrates, grazing
Station 3 Holleta 09.01◦N, 38.30◦E government station open-air heap concentrates, hay, grazing
Station 4 Debre Berhan 09.41◦N, 39.31◦E ILRI station trench as above
Station 5 Ambo 08.56◦N, 37.56◦E college station open-air heap as above
Station 6 Bebre Zeit 08.50◦N, 39.00◦E ILRI station open-air heap concentrates, hay, molasses

Deneba 1 Deneba 09.48◦N, 39.13◦E farmer stored in pits in rainy
season, used for fuel
in dry season

crop residues and grazing

Deneba 2 Beneba farmer as above as above
Deneba 3 Deneba farmer as above as above
Deneba 4 Beneba farmer as above as above
Deneba 5 Deneba farmer as above as above
Deneba 6 Beneba farmer as above as above
Deneba 7 Deneba farmer as above as above
Deneba 8 Beneba farmer as above as above
Deneba 9 Deneba farmer as above as above
Deneba 10 Beneba farmer as above as above

Ginchi 1 Ginchi 09.00◦N, 38.25◦E farmer applied to backyard maize
fields in rainy season,
used for fuel in dry sea-
son

crop residues and grazing

Ginchi 2 Ginchi farmer as above as above
Ginchi 3 Ginchi farmer as above as above
Ginchi 4 Ginchi farmer as above as above
Ginchi 5 Ginchi farmer as above as above
Ginchi 6 Ginchi farmer as above as above
Ginchi 7 Ginchi farmer as above as above
Ginchi 8 Ginchi farmer as above as above
Ginchi 9 Ginchi farmer as above as above
Ginchi 10 Ginchi farmer as above as above

N, 1–4 kg P and 29–147 kg K per hectare in the first
season, implying that supplemental N and P may
be required for high crop yields. In the Debre Zeit
study (Lupwayi and Haque, 1999b), 3 Mg DM ha−1

of on-station manure released, on average, 24 kg N,
6 kg P and 94 kg K per hectare in the season of ap-
plication. Therefore, manures not only contain high
amounts of K, but almost all of the K is immediately
available to crops.

PCA revealed how the different manures differed in
nutrient contents. Thus, principal component 1 (PC1)
separated experimental station manures from farm ma-
nures (Fig. 1), and examination of the component
loadings revealed that station manures had more Mg,
P, N, K, Zn and Cu than farm manures. Although

Table 2
Summary statistics of macro- and micro-nutrient contents (on dry
weight basis) of all manures collected from experimental stations
and farmers’ fields

Nutrient Mean Standard Minimum Maximum
(g kg−1) deviation

N 18.3 4.6 11.7 27.4
P 4.5 1.5 2.2 7.0
K 21.3 11.2 10.6 54.4
Ca 16.4 3.9 10.1 24.6
Mg 5.6 2.3 3.2 12.4
Fe 10776 4756 3693 22477
Mn 777 394 271 1904
Cu 24 15 8 86
Zn 92 36 49 217
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Fig. 1. Ordination of nutrient contents of the manures by principal component analysis (PCA). The abbreviated names represent the sources
of the manures as listed in Table 1: the first letter stands for the source of the manure (S for station, D for Deneba, and G for Ginchi),
the number in the middle is the station or farm number, and the last letter represents fresh (F) or dry (D) manure.

not as clearly, PC1 also separated Ginchi manures
from Deneba manures, with Deneba manures having
slightly higher contents of the six nutrients than Ginchi
manures. The manures separated along PC2 differed
in Mn contents; dry manure from the Debre Berhan
station (S4D) had, for unknown reasons, the highest
Mn content (Fig. 1).

Analysis of variance confirmed the PCA results.
The manures from experimental stations contained
significantly more N, P, K, Mg, Cu and Zn than the
manures from farms (Table 3). The cattle on

Table 3
Effects of location on macro- and micronutrient contents of manures collected from experimental stations and farmers’ fields

Location N P K Ca Mg Fe Mn Cu Zn
(g kg−1) (g kg−1) (g kg−1) (g kg−1) (g kg−1) (mg kg−1) (mg kg−1) (mg kg−1) (mg kg−1)

Experimental stations 22.1aa 5.9a 26.8a 15.0a 7.8a 7983a 704a 27a 114a
Deneba 16.5b 4.2b 20.5a 14.5a 4.5a 9849a 813a 25a 73b
Ginchi 15.6b 3.0c 13.2b 7.8a 4.0b 24489a 707a 14b 72b

a Means followed by the same letter in a column are not significantly different at 5% significance level.

experimental stations included dairy cows, which were
fed concentrates, hay or silage, in addition to grazing
(Table 1). Cattle on farmers’ fields were fed mostly
cereal (teff (Eragrostis tefL.) and wheat (Triticum
aestivumL.)) crop residues, in addition to grazing on
natural pastures. This difference in quality of food
probably explains the difference between experimen-
tal stations and farmers’ fields in the quality of the
manures. Mugwira and Mukurumbira (1984) also
found that cattle manures from commercial feedlots
in Zimbabwe had, on average, 23 g N, 11 g P and
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6 g K per kg compared with 7 g N, 1 g P and 8 g K
per kg of manures from communal areas. In Nigeria,
Powell (1986) found that dry season manure had an
N content of 6 g kg−1 DM compared with 18.9 g kg−1

during the early rainy season when the quality of
the diet had improved. The manures collected from
farmers in Deneba had significantly greater contents
of P, K, Mg, and Cu that manures collected in Ginchi
(Table 3). However, whereas farmers in the Ginchi
area apply the manures to crops, farmers in Deneba
use the manure almost exclusively for fuel (they make
dung cakes and burn them for cooking and heating
purposes) due to scarcity of fuel wood (Table 1).

Lupwayi et al. (1996) found that soil contents of
P, K and Ca in wheat farms were significantly higher
in Ginchi than in Deneba, but Mg contents were sig-
nificantly higher in Deneba farms than in the Ginchi
farms. This seems contradictory to the manure quality
results reported here, even though the sampling sites in
the two studies were not the same. The reasons for this
apparent anomaly are unknown. The higher soil nutri-
ent contents in Ginchi could be related to the observa-
tion noted above that more manure is returned to the
soil in Ginchi compared with Deneba, where manure
is used mostly for fuel. In addition, cattle in Deneba
are likely to be feeding mostly on crop residues due
to scarcity of grazing land, whereas cattle in Ginchi
have more access to natural pasture. Crop plants usu-
ally have a relatively faster growth rate and higher nu-
trient accumulation capacity than wild plants (Jensen
and Pettersson, 1978). Thus, even though arable soils
in Ginchi may have higher nutrient contents than those
in Deneba, cattle graze mostly on the less nutritious
natural pasture in Ginchi while cattle in Deneba feed
mostly on the relatively more nutritious crop residues.

Manure storage had no significant effects on
nutrient concentrations although stored manures had
consistently higher nutrient concentrations than fresh
manures (Table 4). In Ghana, Kwaye (1980) reported

Table 4
Effects of storage of manure from experimental stations on concentrations of macro- and micronutrients (on dry weight basis)

Storage N P K Ca Mg Fe Mn Cu Zn

(g kg−1) (g kg−1) (g kg−1) (g kg−1) (g kg−1) (mg kg−1) (mg kg−1) (mg kg−1) (mg kg−1)

Fresh 22.1aa 5.9a 26.8a 15.0a 7.8a 7983a 704a 27a 114a
Dry 24.8a 6.1a 32.2a 18.7a 8.1a 11293a 931a 37a 195a

a Means followed by the same letter in a column are not significantly different at 5% significance level.

that when manure was stored in heaps or pits, the
buried manure had substantially higher N, P and K
concentrations. This increase in nutrient concentra-
tion with storage is due to relative high loss of carbon
in the manure. The manure in our study was mostly
stored in heaps exposed to the open air, i.e. under
aerobic conditions or, for manure located deep inside
the heaps, a combination of aerobic and anaerobic
conditions. The manures dried naturally with expo-
sure to the sun, but temperatures in the highlands
are lower than in most other parts of Africa. Under
these storage conditions, nutrient losses are probably
not as high as when the manures were stored under
anaerobic conditions, especially under high temper-
atures. Whereas a concentration effect of nutrients
with manure storage was detected in Ghana and, to
a lesser extent, in the current study, Mugwira and
Mukurumbira (1984) found that fresh manures had
significantly higher nutrient contents than dry ma-
nures in Zimbabwe. The loss of N through ammonia
volatilization from stored manure is one explanation
(Murwira, 1995), especially since temperatures in
semi-arid Zimbabwe are higher than temperatures
characteristic of the Ethiopian highlands. These re-
sults suggest that the effects of storage on nutrient
contents will depend, among other factors, on the
mode of storage and climatic conditions.

The differences in chemical quality of the manures
could also have been due to several other factors which
were not examined in this study. Urine mixed with the
dung greatly increases the availability of N from the
manure because urinary N compounds (urea, ammo-
nia, uric acids, etc) narrow the C/N ratio of the manure.
However, rapid release of N may increase its suscepti-
bility to volatilization and leaching losses. In a differ-
ent study, manure (stored in an open pit) collected at
Debre Zeit research station had a narrow C/N ratio of
8 (225 g C and 29 g N kg−1), but it decomposed slowly
because of high (199 g kg−1) lignin contents (Lupwayi
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and Haque, 1999b). In areas dominated by sandy soils,
cattle eat large quantities of sand, resulting in ma-
nure that is a mixture of dung and sand. This factor
is unlikely to be significant in the Ethiopian highlands
where the soils are mostly (clay-rich) Vertisols.

Whether the manure nutrient resource is regarded
as an addition to the system or a mere recycling of
nutrients depends on the source of the nutrients with
regard to the boundaries of the system being consid-
ered. In most farming systems of sub-Saharan Africa,
cattle often graze extensively in non-arable commu-
nal land or arable land (after harvest) during the day.
At night, the cattle are, among other practices, either
corralled in cultivated fields after harvest, particularly
in West Africa (Schleich, 1986) and some maize–teff
farming systems of the Ethiopian highlands (Legesse
et al., 1992), or they are penned continuously and
the manure is collected, stored and transported to the
cropped fields, particularly in southern Africa (Mur-
wira et al., 1995) and in some of the wheat–barley sys-
tems (mainly on Vertisols) of the Ethiopian highlands
(Hailu et al., 1992). On a field or farm scale, since cat-
tle that are corralled or penned at night often graze ex-
tensively over large areas (including non-arable land)
during the day, the collection of manure represents an
enrichment of nutrients from the surrounding commu-
nal land on to the field where the manure is used (Giller
et al., 1997). At larger system levels, like catchment,
region or country, the nutrients are mostly just being
recycled within the system.

The scale of the system being considered also
determines whether manure is an adequate resource
for increasing crop yields. Although adequate ma-
nure may be applied to a few individual fields, it is
widely acknowledged that, at a wider scale, insuffi-
cient manure is available to support crop production
(Giller et al., 1997). Thus, Probert et al. (1995) cal-
culated that while manures at rates >38 Mg ha−1

were applied by farmers to a few fields in Machakos,
Kenya, the manure available was sufficient to sup-
ply cropped land with only 2.5 Mg ha−1 annually. At
country level in semi-arid West Africa, the situation is
more acute. In estimates (through modelling) of ma-
nure availability in seven countries, Fernandez-Rivera
et al. (1995) and Williams et al. (1995) found that
the potential of manure to continuously sustain crop
production was limited by livestock population, spa-
tial location of livestock at manuring time, manure

excretion per animal, efficiency of manure collection,
and the amounts of feed and land resources available.
Assuming a manure application rate of 3 Mg ha−1,
which seems to be the minimum rate (a range of
3–7 Mg ha−1) required every other year to replenish
the nutrients removed through crop grain and stover
removal in this region (Williams et al., 1995), and as-
suming that 80% of the livestock population are used
for manuring, the amounts of manure available would
be sufficient for annual application on only 8% of the
cultivated land in Niger, 12–18% in Burkina Faso and
Senegal, and 33–42% in Mali, Chad and The Gambia
(Fernandez-Rivera et al., 1995). Production of suffi-
cient manure requires an extensive land resource base
for grazing, yet increasing population pressures are
resulting in diminution of the land area under grazing.
Manure availability studies to assess their sufficiency
for crop production at various system scales have not
been conducted in Ethiopia.

4. Conclusions

This study has shown that manures from exper-
imental stations have greater nutrient contents than
manures from small-scale farms, probably due to
differences in availability and quality of cattle feed.
However, whatever the quality of the manure with
regard to plant nutrients, farmers in the Ethiopian
highlands will use it for fuel so long as fuel wood
is scarce. Therefore, re-afforestation programmes are
required if manures are to be used as sources of plant
nutrients. Alternatively, manures could be used for
biogas production to ease the energy problem, and the
sludge could be applied to the farms. Even without
competing uses of manure, results from other parts
of Africa indicate that there is insufficient manure
available to support crop production at a scale wider
than farm-level. Whether the amount of manure in
the livestock-dense Ethiopian highlands is sufficient
to support crop production is unknown.
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