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Abstract The study was conducted to determine feed intake,
digestibility, and body weight (BW) change of Washera sheep
fed on desho grass and natural pasture hay as a basal diet and
supplemented with concentrate mixtures. Twenty-five intact
male sheeps with body weight of 19.4±1.89 kg (mean±SD)
were used in randomized complete block design. The dietary
treatments were 100 % natural pasture hay (NPH) (T1), 75 %
NPH+25 % desho grass hay (DGH) (T2), 50 % NPH+50 %
DGH (T3), 25 % NPH+75 % DGH (T4), and 100 % DGH
(T5). Equal amount of concentrate mixture (CM) (300 g DM/
day/h) was supplemented in all of the five treatments. The
result of laboratory chemical analysis revealed that the CP
content of the basal diets increased with increased proportion
of desho grass hay inclusion in the treatments at the expense of
natural pasture hay. Total DM, OM, CP, NDF, and ADF intake
and digestibility was significant (P<0.05) and in the increas-
ing order of T1<T2<T3<T4<T5. The average daily body
weight gain (ADG) of experimental sheep was significantly
(P<0.05) higher as proportion of desho grass increased from
0 to 100 % in the basal diet. The result indicated that desho
grass can be used as a basal diet for local sheep with better
performance than natural pasture hay-based diets.

Keywords Basal diet . Desho grass . Digestibility . Hay .

Washera sheep

Abbreviations
CM Concentrate mixture
DGH Desho grass hay
NPH Natural pasture hay
SD Standard deviation

Introduction

Though Ethiopia has large livestock population, the contribu-
tion of the sub-sector achieved so far has been inadequate
(CSA 2015). The low productivity of livestock is mainly be-
cause of poor feed quality and insufficient supply (FAO
2010). To combat the livestock feed shortage, the use of in-
digenous forage plants as a feed source is recommended.
Among such types of forage species, which has multifaceted
potential, is desho grass. The grass is native to tropical and
sub-tropical Africa and tropical Asia (FAO 2010). It serves for
land rehabilitation and as fodder for livestock in the tropics
(EPPO 2014). Desho grass is a very palatable species to cattle
and sheep (Ecocrop 2010). It is currently utilized for soil con-
servation practices and livestock fodder in the highlands of
Ethiopia (Leta et al. 2013). Despite its presence in different
parts of the country, there is hardly any information on the
animal evaluation of desho grass. Therefore, this study was
conducted to evaluate feed intake, digestibility, and body
weight change of Washera sheep fed desho grass and natural
pasture hay as a basal diet.
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Materials and methods

Description of the study area

The experiment was conducted at the Zenzelma Campus of
Bahir Dar University located at 11° 37′ N and 37° 28′ E with
an altitude of 1900 m. Annual average temperature is 29 °C
and annual rain fall ranges from 1430 to 1520 mm.

Experimental sheep and their management

Twenty-five yearling intact male Washera sheeps with mean
BWof 19.4±1.89 kg (mean±SD) were used in the study. The
experimental animals were housed in individual pens
equipped with feeding and watering troughs. They were
quarantined for 15 days, vaccinated against ovine
pasteurellosis, sheep pox, blackleg, and anthrax, dewormed
against internal parasites, and sprayed against external
parasites.

Experimental design and treatments

The experimental design was randomized complete block de-
sign with five treatments and five replications. Blocking of
sheep was based on the initial BW. The treatments were
100 % NPH (T1), 75 % NPH+ 25 % DGH (T2), 50 %
NPH+50 % DGH (T3), 25 % NPH+75 % DGH (T4), and
100 % DGH (T5) with equal amount of concentrate (300 g
DM/day/h) supplement in all five treatments. The concentrate
mixture consisted of noug seed cake and wheat bran at equal
proportion.

Feed intake and body weight change

The sheep were offered basal diet ad libitum at 25 % refusal
adjustment every week throughout the experimental period.
Sheep were fed in an individual feeding trough. The natural
pasture hay was prepared from a natural pasture land
consisting of mixed species harvested at about 50 % heading
of the grass component. Desho grass was harvested at
4 months age and dried properly. Daily feed offer and refusals
were recorded from each treatment. Daily feed intake of indi-
vidual sheep was calculated as the difference between the
amounts of feed offered and refused. Subsamples of feed of-
fered and refusals were taken and prepared for chemical anal-
ysis. The body weight of each animal was measured every
10 days after overnight fasting. The daily body weight gain
was calculated as the difference between final body weight
and initial body weight divided by the number of feeding
days. The feed conversion efficiency of experimental animals
was determined by dividing the average daily body weight
gain to the amount of feed consumed.

Digestibility trial

The digestibility trial was conducted at the end of the feeding
trial. In the digestion trial, each sheep was fitted with a fecal
collection bag; a 4-day acclimatization period was followed
by total collection of feces for seven consecutive days. The
parameters studied under the digestibility were DMD, OMD,
and nutrient digestibility. Feces voided were weighed and re-
corded every morning, thoroughly mixed, 20 % of represen-
tative samples taken, frozen at −10 °C, and pooled over the
collection period for each animal. At the end of the collection
period, each sample was mixed and dried at 60 °C for 72 h.
The digestibility of nutrients was determined as the difference
between nutrient intake and that recovered in the feces
expressed as the proportion of nutrient intake.

Chemical analysis

Samples of feeds, refusals, and feces were ground using lab-
oratory mill to pass through a 1-mm sieve. Dry matter content
was determined by oven drying samples at 105 °C. Total ni-
trogen (N) was determined by the Kjeldhal method (AOAC
1990). Crude protein was determined as N×6.25. Organic
matter (OM) content was calculated as the difference between
DM and ash content. Neutral detergent fiber (NDF), acid de-
tergent fiber (ADF), and acid detergent lignin (ADL) were
determined according to Van Soest and Robertson (1985).

Statistical analysis

Dry matter intake, body weight change, DM, and nutrient
digestibility coefficients were analyzed with general linear
model (GLM) procedure of SAS 9.2 for least square analysis
of variance. Mean separations were done using the Tukey test
for variables whose F-values declared a significant difference.
Differences were considered statistically significant at 0.5 %
significance level. The statistical model for data analysis was

Yi j ¼ μ þ ti þ bj þ ei jk;

Where Yij is the response variable, μ the overall mean, ti the
treatment effect, bj the block effect, and eijk is the random
error.

Results

Chemical composition of feeds

The chemical composition of feeds and refusals of Washera
sheep fed natural pasture and desho grass hay supplemented
with concentrate mixture are presented in Table 1. The CP
content of natural pasture hay was lower than desho grass,
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and increasing levels of desho grass from T1 to T4 showed an
increase in total CP of basal diet except T5. The ash content of
basal diet ranged from 115 to 123 g/kg DM. The concentrate
mixture had a relatively high CP content (225 g/kg DM) and
can be considered as quality protein supplement to support
animal growth performance.

Feed intake

The daily dry matter (DM) and nutrient intake of sheep are
presented in Table 2. In the current study, sheep in T5, T4,
T3, and T2 consumed 22, 19, 9, and 7 %, respectively,
more of the basal diet than sheep in T1. Increasing the
proportion of desho grass significantly (P< 0.05) increased
the total basal DM intake of sheep and in the order
T5 >T4>T3>T2 >T1. Total DM intake as percent of body
weight of experimental sheep was 3 % while intake per
metabolic body weight of experimental sheep varied from
61 to 64 %; the effects of treatment were not statistically
significant (P> 0.05). The daily nutrient intakes of experi-
mental sheep were significantly higher (P < 0.05) in the
order T5 > T4 >T3 > T2 >T1. Organic matter (OM), CP,

NDF, ADF, and ADL intakes were significant (P< 0.05)
and in the order of T5 >T4>T3>T2>T1.

Body weight change and feed conversion efficiency

The body weight changes, average daily body weight gain,
and feed conversion efficiency data are presented in Table 3.
The average daily weight gains of treatment groups were sig-
nificantly increased (P<0.05) as the proportion of desho grass
hay increased. Final body weight and feed conversion effi-
ciency (FCE) both increased slightly as level of desho grass
increased from 25 to 100 %, but these differences were not
statistically significant (P>0.05).

Dry matter and nutrient digestibility

Table 4 indicates the apparent digestibility coefficients of nu-
trients in Washera sheep fed natural pasture and desho grass
hays mixture as a basal diet and supplemented with concen-
trate mixture. The digestion coefficients of all parameters
(DM, OM, CP, NDF, and ADF) in the current study were
significantly higher (P < 0.05) and in the order of
T5>T4>T3>T2>T1.

Discussion

Chemical composition of feeds

The nutrient content of natural pasture hay alone was lower
than its mixture with desho grass and sole desho grass hay.
The CP content of natural pasture hay was lower than previous
reports (Tadele et al. 2014; Kassa 2015) in northwestern
Ethiopia. The low CP content in the natural pasture hay indi-
cates that it was harvested at late maturity, and may also result
from the location, soil type, variety, and post harvest handling.
The natural pasture hay used in the current study has a lower

Table 1 Chemical composition of experimental feeds

Feeds (g/kg DM)

Treatment DM Ash OM CP NDF ADF ADL

T1 913 115 885 35 712 464 57

T2 921 117 883 45 695 426 54

T3 925 123 877 53 677 415 45

T4 928 119 881 57 686 415 49

T5 935 121 879 54 673 381 36

Concentrate 909 87 913 225 380 239 93

DM dry matter, OM organic matter, CP crude protein, NDF neutral de-
tergent fiber, ADF acid detergent fiber, ADL acid detergent lignin, T
treatment

Table 2 Daily dry matter and
nutrient intake of Washera sheep
natural pasture and desho grass
hay as a basal diet supplemented
with concentrate mixture

Parameters Treatments

T1 T2 T3 T4 T5 SEM SL

Basal DM intake (g/day) 350c 375bc 382b 416a 428a 6.3 ***

Concentrate DM intake (g/day) 300 300 300 300 300 0.0 Ns

Total DM intake (g/day) 650c 675bc 682b 716a 728a 6.3 ***

DM intake (% BW) 3 3 3 3 3 0 ns

DM intake per kg W0.75 61 61 62 63 64 1.5 ns

OM intake (g/day) 584c 605bc 609b 642a 650a 5.6 ***

CP intake (g/day) 73d 77c 79b 82a 83a 0.2 ***

NDF intake (g/day) 325b 335b 335b 356a 357a 3.9 ***

ADF intake (g/day) 204b 207b 209b 209b 218a 2.5 ***

Superscript letters in the same row are significantly different at P< 0.05
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CP than the minimum maintenance requirement of ruminant
animals (Van Soest 1982).

The mean CP content of desho grass hay was lower than
reports of other researchers (Aliyu et al. 2012; Waziri et al.
2013). It has been stated that CP value ranging from 7 to 7.5 %
is required to satisfy the maintenance requirement of ruminant
animals (Van Soest 1982). Hence, the observed CP content of
basal diet was below that demanded for maintenance require-
ments of sheep (Heuzé and Hassoun 2015). According to
McDonald et al. (2010), NDF portion of feed is only partially
digestible by any species of animals, but can be used to greater
extent by ruminants, which depend on microbial digestion for
utilization of most fibrous plant components. The CP content
of both basal diets is an indicator that both natural pasture and
desho grass hay should be provided with protein supplements
to support productive and reproductive performance of the
animals to their potential.

Feed intake

The significant (P<0.05) difference in total DM intake from
T1 to T5 as the proportion of desho grass increment might be
due to high the relative increase in CP content the basal diet
which improved the rumen condition in sheep. Total DM in-
take of sheep in the current study was comparable to the re-
sults of Kassa (2015) for sheep fed hay supplemented with

Ficus sycomorous leaf and fruit. On the other hand, total DM
intake of sheep in the current study is higher than the reports of
Hailu et al. (2011), but lower than the reports of Tadele et al.
(2014) and Gashu et al. (2014) for the same breed of sheep.
However, a significant difference (P<0.05) in the total DM
intake was observed for the increasing levels of desho grass in
the basal diet which was in contrary to the reports of
Mekuriaw et al. (2012). The high intake of desho grass hay
is in agreement with the reports of FAO (2010) which state
that the grass was highly palatable for cattle and sheep. The
mean total DM intake of sheep in the current study was
58 kg−1 W0.75 which was higher than the results of Tefera
et al. (2015) but lower than Gashu et al. (2014) who reported
total DM intake of sheep within the range of 67.5–
84.6 g DM kg−1 W0.75 for the same breed of sheep.
Moreover, the current result is lower than the reports of Ali
et al. (2012) who reported higher (62.5–73.76) DM intake per
kilogramW0.75 for Afar sheep. The total DM intake as percent
of body weight from the present result is higher than the re-
ports of Tefera et al. (2015) for the same breed of sheep. On
the other hand, the result is in agreement with workers in
Ethiopia (Gashu et al. 2014; Tadele et al. 2014) and in the
range of recommended dry matter intake for ruminants (2–
6 %) by Susan (2003).

Nutrient digestibility

The significant increase in apparent digestibility of DM and of
nutrients as level of desho grass hay increased from 0 to 100%
might be partly due to relatively higher CP content of desho
grass hay as compared to natural pasture hay. High protein
may increase the digestibility of the crude fiber of the feeds.
McDonald et al. (2010) remarked that feed which is rich in
protein promotes high microbial population which in turn fa-
cilitates rumen fermentation. The increase in digestibility of
nutrients in the current study is in agreement with Tadele et al.
(2014) and Kassa (2015).

The CP digestibility coefficient of the current study was
significantly affected (P<0.05) by inclusion of desho grass
and in the order T5>T4>T3>T2>T1. This indicates that
the inclusion of desho grass at increasing level significantly
improved (P<0.05) CP digestion. This is supported by the
report of Asaolu et al. (2010) who indicated that combination
of groundnut hay and bamboo leaf at 50:50 ratio (%DMbasis)
increased CP digestibility and intake compared to the sole
groundnut hay. The results of this study showed increase in
ADF and NDF digestibility due to increasing levels of desho
grass in the basal diet which is in agreement with other studies
(Degu et al. 2009). This might be associated with increased
CP intake both from the natural pasture and desho grass hay
mixture that might have improved rumen function and hence
fermentation of the cell wall carbohydrates.

Table 3 Body weight parameters and feed conversion efficiency of
Washera sheep fed natural pasture and desho grass hay as a basal diet
supplemented with concentrate mixture

Parameters T1 T2 T3 T4 T5 SEM SL

Initial BW (kg) 19.5 19.1 19.0 18.9 18.3 0.9 ns

Final BW (kg) 23.6 24.5 24.6 25.7 25.8 0.8 ns

ADG (g/d/h) 52.2b 59.9ab 70.0ab 74.4a 76.4a 4.9 ***

FCE 0.08 0.09 0.10 0.10 0.11 0.0 ns

Superscript letters in the same row are significantly different at P< 0.05

BW body weight, ADG average daily gain, FCE feed conversion
efficiency

Table 4 Nutrient digestibility coefficients inWashera sheep fed natural
pasture and desho grass hay as a basal diet supplemented with concentrate
mixture

Parameters T1 T2 T3 T4 T5 SEM SL

DM 0.61d 0.68c 0.71bc 0.76ab 0.79a 0.01 *

OM 0.66d 0.71c 0.74bc 0.78ab 0.81a 0.01 *

CP 0.72c 0.76b 0.79ab 0.81a 0.82a 0.01 *

NDF 0.66d 0.71cd 0.74bc 0.79ab 0.81a 0.01 *

ADF 0.65c 0.67c 0.71b 0.76a 0.78a 0.01 *

Superscript letters in the same row are significantly different at P< 0.05
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Body weight change and feed conversation efficiency

The significant increase (P< 0.05) in average daily gain of
sheep in the present study associated with the rise in the
level of desho grass hay as a basal diet might be due to the
total increase in the amount of nutrients consumed. The
improved feed conversion efficiency of the current result
might be due to higher nutrient concentration of the basal
diet and the consequent increase in body weight gain of
experimental animals associated with the increment of lev-
el of desho grass. Owing to the total increment of CP in-
take from T1 to T5, body weight increment was observed
in the current study which is in line with the reports of
Worku et al. (2015). The ADG of sheep of this study is
higher than the reported by other workers (Tadele et al.
2014; Tefera et al. 2015) but comparable to Gashu et al.
(2014) for the same breed of sheep. The discrepancy of the
results might be due to variations in the types of feeds used
and the management of animals. The result of the correla-
tion analysis indicated that daily body weight gain was
positively (P< 0.05) correlated with DM, OM, CP, NDF,
and ADF intake and digestibility which is in agreement
with the reports for the same breed of sheep (Mekuriaw
et al. 2012; Kassa 2015).

Conclusion

Increasing the proportion of desho grass hay from 0 to 100 %
as a basal diet of Washera lambs increased DM intake, digest-
ibility of nutrients, average daily weight gain, and feed con-
version efficiency. Hence, it is concluded that desho grass can
be an alternative basal diet for growing local sheep in
Ethiopia. As desho grass is relatively low in CP content, it
should be integrated with local protein sources like indigenous
and improved leguminous fodders as well as agro-industrial
byproducts.
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