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Abstract

Improved forage grasses with high quality and biomass are a crucial additional feed source for cereal-livestock farming
in Ethiopia. This study compared the performance of 4 Urochloa species [U. brizantha (DZF-13379), U. humidicola
(DZF-9222), U. decumbens ‘Basilisk’ (DZF-10871) and U. mutica (DZF-483)] with other 2 commonly used grasses,
Rhodes grass (Chloris gayana ‘Massaba’) and Desho grass (Pennisetum glaucifolium local variety Kindu kosha), over
3 years during the main rainy season in Bishoftu in a sub-humid area of Ethiopia. The experiment was conducted
using a completely randomized block design. There was significant variation among species for agronomic parameters.
The species x year interaction was significant for dry matter yield, plant height, and plot cover but not significant
for leaf-to-stem ratio. Nutritional value [ash, acid detergent fiber (ADF), crude protein (CP) and in vitro dry matter
digestibility (IVDMD)] was significantly different among species with no differences for neutral detergent fiber (NDF)
and acid detergent lignin (ADL). All species showed potential as alternative ruminant feeds with U. mutica and
U. brizantha the highest yielding in the sub-humid environment.

Keywords: Dry matter yield, grass species, leaf-to-stem ratio, plant height, quality.
Resumen

Las gramineas forrajeras mejoradas con alta calidad y biomasa son una fuente adicional de alimento crucial para la
ganaderiade cereales en Etiopia. Este estudio comparo el desempeno de 4 especies de Urochloa [U. brizantha (DZF-13379),
U. humidicola (DZF-9222), U. decumbens 'Basilisk' (DZF-10871) y U. mutica (DZF-483)] con otras 2 gramineas
comunmente utilizadas, la hierba Rhodes (Chloris gayana 'Massaba') y la hierba Desho (Pennisetum glaucifolium
variedad local Kindu kosha), durante 3 afios durante la temporada principal de lluvias en Bishoftu, en una zona
subhiimeda de Etiopia. El experimento se realiz6 utilizando un disefio de bloques completos al azar. Hubo una variacion
significativa entre las especies en cuanto a los parametros agrondomicos. La interaccion especie x afio fue significativa
para el rendimiento de materia seca, altura de la planta y cobertura, pero no fue significativa para la relacion hoja/tallo.
El valor nutricional [cenizas, fibra detergente acida (FDA), proteina cruda (PC) y digestibilidad in vitro de la materia
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seca (DIVMS)] fue significativamente diferente entre las especies, sin diferencias para la fibra detergente neutra (FND)
y la lignina detergente acida (LDA). Todas las especies mostraron potencial como alimento alternativo para rumiantes,
siendo U. mutica y U. brizantha las de mayor rendimiento en el ambiente subhtimedo.

Palabras clave: Altura de la planta, calidad, especies de pastos, relacion hoja-tallo, rendimiento de materia seca.

Introduction

Feed shortages in quantity and quality are a recurrent
challenge to cattle production and productivity in
tropical Africa. In Ethiopia’s highland crop-livestock
mixed farming system, the availability of year-round
feed is limited (FAO 2018; Feyissa et al. 2022; Mekonnen
et al. 2022). The combination of feed scarcity and low
feed quality makes it difficult to meet the maintenance
requirements for livestock throughout the year (Feyissa
et al. 2022). Currently, pressures from climate change
exacerbate these long-standing feed problems (Habte et
al. 2022). Introducing improved forages in such systems
has been proposed to offer alternative good-quality
feeds to improve livestock productivity and close feed
gaps (Feyissa et al. 2022).

Urochloa includes many tropical grass species
that originated on the African continent and are
extensively grown in tropical Latin America and
South Asia (Cheruiyot et al. 2020). Although there are
over 100 species in this genus, many are underutilized
and only a few, such as Urochloa brizantha (syn.
Brachiaria brizantha) (A. Rich.) Stapf (palisade grass),
U. decumbens (syn. Brachiaria decumbens) Stapf (signal
grass) and U. humidicola (syn. Brachiaria humidicola)
(Rendle) Schweick (Koronivia grass) are commercially
exploited as forage crops (Miles et al. 2004). Recently,
improved Urochloa grass has been introduced and
cultivated by thousands of farmers in eastern Africa to
provide alternative high-quality feed resources for livestock
producers (Cheruiyot et al. 2020; Maina et al. 2020).

In addition to providing better quality, Urochloa
grasses show adaptability to a wide range of agroecology
and soil types (Cheruiyot et al. 2018). Their deep root
systems allow them to extract nutrients and moisture,
which helps them tolerate low soil fertility and dry spells
in tropical regions (Ndayisaba et al. 2020). They also
contribute to carbon sequestration, enhanced nitrogen
use efficiency via biological nitrification inhibition (BNI),
effective soil erosion control and management of crop
pests through push-pull pest management techniques
(Arango et al. 2014; Moreta et al. 2014; Rao et al. 2014).

Urochloa grasses have shown promising results in
improving livestock productivity through better quality
and higher biomass (Maina et al. 2020).

Currently, there is interest in evaluating the
adaptability and performance of Urochloa grass species
under climatic conditions for the highland smallholder
livestock producers of Ethiopia. Comparative yield
evaluation of Urochloa with other important grass
species was identified as the main research approach to
demonstrate the suitability of forages for wider adoption
in Ethiopia (Feyissa et al. 2022). In the present study,
the agronomic performance of four Urochloa species
[U. mutica (DZF-483), U. decumbens ‘Basilisk’ (DZF-
10871), U. brizantha (DZF-13379), and U. humidicola
(DZF-9222)], and 2 other grass species [Desho grass
(Pennisetum glaucifolia Kindu kosha) and Rhodes grass
(Chloris gayana ‘Massaba’)] was evaluated to compare
the growth, herbage accumulation, and nutritive value in
the highlands of central Ethiopia.

Materials and Methods

The experiment was conducted during the main rainy
season from 2020 to 2022 at the Debre Zeit Agricultural
Research Center (Bishoftu) (08° 44’ N, 38°38’ E; elevation
1,900 masl) in the sub-humid agroclimatic zone of Central
Ethiopia. The center is 47 km East of Addis Ababa, on the
road to Adama. The soil type (Tafesse and Esayas 2003)
for the experimental plots was Eutric Vertisols.

Four Urochloa species [U. brizantha (DZF-13379),
U. humidicola (DZF-9222), U. decumbens ‘Basilisk’
(DZF-10871) and U. mutica (DZF-483)] were compared
to Desho grass (Pennisetum glaucifolia Kindu kosha)
and Rhodes grass (Chloris gayana ‘Massaba’).
Urochloa species were selected based on their superior
performance from earlier trials, while a recently
released local variety of Desho grass and Rhodes grass,
a popular grass species, were used for comparison.

The experiment was conducted using a completely
randomized block design with 3 replicates. Vegetative
root splits of 12 month age were transplanted using
2-3 splits per hole at a depth of 10 cm in mid-June
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2020 under rainfed conditions without supplementary
irrigation in well-prepared 12 m? plots with 50 cm
between row and 25 cm within row spacing. Nitrogen
and phosphorus fertilizers were applied at the rate of
18 kg N/ha and 46 kg P/ha (as DAP), and 46 kg N/ha
as urea at transplanting and immediately after each
harvest in a band along the planting furrow. Weed
management and regular monitoring of disease and
insects were performed as appropriate.

Data Collection

Dry matter (DM) yield, plant height, plot cover and
leaf-to-stem ratio were measured during the rainy
season (June—Sept). The first harvest was carried out
3 months after establishment in the first year (2020)
and at intervals of 60 days (2 cuts/rainy season) in
2021 and 2022. Plant height from the soil surface to
the uppermost point of the stem was measured on 5
randomly selected plants/plot and expressed as a mean.
Visual observation for plot cover was rated on a 1-10
scale (where 1=poor and 10=excellent). The leaf-to-
stem ratio was determined by cutting plants from 2
randomly selected consecutive rows and separating by
hand into leaf (lamina) and stem (leaf sheath+stem).
Samples of each plant part were weighed, homogenized
and subsampled and dried in a forced draft oven at 65
°C for 72 h. Fresh herbage yield was sampled by cutting
the entire plot at a stubble height of 10 cm by hand
using a sickle and weighing immediately. A subsample
of 300 g of freshly harvested biomass was cut into
small pieces and dried at 65 °C for 72 h in an oven to
calculate dry matter yield as:

DM yield (t/ha)=(10xTFWxSSDW)/(HAxXSSFW),
where:
TFW is the total fresh weight of the harvested area (kg);
SSDW is the subsample dry weight (g);
HA is the harvest area (m?);
SSFW is the subsample fresh weight (g).

A sample of 400 g from each treatment was
collected at harvest and dried under the shade for
laboratory analysis. Nutritional analyses of feed
samples were performed at the Bishoftu Agricultural
Research Center Food and Nutrition Laboratory and
Holetta Agricultural Research Center Animal Feed
and Nutrition Laboratory. Grass samples were dried at

105 °C overnight and ground to pass through a 1 mm
sieve. The total ash content was determined in a furnace
at 550 °C for 6 h. Neutral detergent fiber (NDF), acid
detergent fiber (ADF) and acid detergent lignin (ADL)
were determined according to Van Soest and Robertson
(1985). Nitrogen (N) was determined using the Kjeldahl
method and in vitro dry matter digestibility (IVDMD)
was determined using the modified Tilley and Terry
method (Tilley and Terry 1963).

Statistical analysis

The Linear mixed-effect model (LME) approach was
used to analyze the forage yield and nutritive value
data using the ‘lme4’ package (Bates et al. 2015) in
R. Pasture species, year and interaction of pasture and
year were considered as fixed effects and the effects of
plots within replicated blocks were included as random
effects of the model. Harvesting years were included as
repeated measures because they were measured from
the same plot. Mean comparisons of the effects were
performed using the ‘Ismeans’ package (Lenth 2016)
in R for the cultivar across years. Nutritive value was
separately analyzed using one-way ANOVA to determine
significant differences among the pasture species. The
statistical model used was:

Yo “HtCHY HCXY e,

ijkx?

where:
Yijkx is the response variable;
u is the overall mean;
Cj is the effect of jth grass cultivar;
Y, is the effect of jth year;
CxY, is the interaction between cultivar and year;

€ 1s the random error.

Tukey’s honestly significant difference post hoc test
was used to separate significant differences between
pasture species.

Results

Average annual rainfall for the experimental years
(2020-2022) was 814.8 mm with a long-term mean
(1990-2020) of 473.2 mm (Table 1). Compared with
the long-term climatic data, the trial period had higher
rainfall, especially during the Kiremt season (June to
September), the main rainy season in Ethiopia.
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Effects of species, year and their interaction on
agronomic traits.

A combined analysis of variance for DM yield, plant
height, plot cover and leaf-to-stem ratio on dry matter
basis of the four Urochloa species, Rhodes grass and
Desho grass showed there was significant variation
among species (P<0.01) for DM yield, plant height,
plot cover and leaf-to-stem ratio (Table 2). Significant

(P<0.05) species x year interactions were observed for
all the parameters except for leaf-to-stem ratio dry basis.
The combined analysis indicated significant
differences in forage dry matter yield among species
(Table 3). U. mutica followed by Desho grass had the
highest DM yield, but they did not differ significantly from
other species, except for U. humidicola. Variation among
species in experimental periods was also significant except
for 2021. Low dry matter yields were observed during the
establishment year compared to 2021 and 2022.

Table 1. Mean rainfall and temperature variation over the trial years and long-term (1990-2020).

Months of the year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Rainfall, trial years (mm) 59 48 283 392 714 1175 2179 2139 960 194 00 04
Rainfall, long-term mean (mm) 75 107 346 296 294 653 1299 1074 425 82 35 46
Mean daily min temperature trial years (°C) 7.2 85 103 117 111 115 115 111 104 70 52 51
Mean daily max temperature trial years (°C) 26.6 277 292 294 281 264 213 223 232 243 243 246
Mean daily min temperature long-term (°C) 9.3 104 11.8 132 129 126 135 135 125 93 78 75
Mean daily max, temperature long-term (°C) 26.7 28.0 289 289 292 279 250 244 254 292 262 258
Table 2. Species, year and their interaction effects on agronomic traits in Bishoftu.
Parameters Species Year Species x Year
DM yield (t/ha) ok ok ok
Plant height (cm) Ak wE HAk
Plot cover Hokk o ok
Leaf-to-stem ratio dry basis ok ns ns
ns=non-significant; *=P<0.05; **=P<0.01; ***=P<0.001.
Table 3. Dry matter yield of grass species tested for 3 years at Bishoftu.
Species Dry matter yield (t/ha)
2020 2021 2022 Combined analysis
U. brizantha (DZF-13379) 2.61° 14.53 17.232 11.46®
U. humidicola (DZF-9222) 2.13b 11.6 11.98%® 8.57°
U. decumbens (DZF-10871) 4.38% 15.75 13.44 11.19%
U. mutica (DZF-483) 6.72% 17.02 16.96* 13.57
Rhodes grass (‘Massaba’) 8.529 14.97 9.84° 1111
Desho grass (Kindu kosha) 8.66° 17.2 12.97: 12.942
Mean 5.03 15.18 13.74 11.47
SEM 1.38 1.38 1.38 0.83

Means with different letters are significantly different. SEM=standard error of the mean.
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The combined analysis indicated that U. mutica
was the tallest (P<0.05) followed by Rhodes grass and
U. brizantha (Table 4). Species varied significantly across
all the experimental periods. Low plant height was observed
in U. humidicola throughout the experimental period.

The combined analysis indicated that U. mutica,
Desho, U. brizantha, and U. decumbens had higher plot
cover than U. humidicola and Rhodes grass (Table 5).

There was also significant variation in plot cover among
the species across the experimental period.

Nutritional Value
Ash, ADF, CP and IVDMD were significantly different

(P<0.05) among species, while NDF and ADL were not
significantly different (Table 6).

Table 4. Plant height (cm) of grass species tested for 3 years at Bishoftu.

Species Plant height (cm)
2020 2021 2022 Combined analysis

U. brizantha (DZF-13379) 96 99° 94.5 96.5°

U. humidicola (DZF-9222) 75¢ 83.5° 79.2° 79.8¢

U. decumbens (DZF-10871) 92bed 100.7° 80.5° 91.1%

U. mutica (DZF-483) 132.7 116.5* 99.32 116.2*
Rhodes grass (‘Massaba’) 107° 99° 88.5% 98.2°
Desho grass (Kindu kosha) 8474 81.8¢ 90.8% 85.8¢

Mean 97.9 96.75 88.8 94.6

SEM 4.68 4.68 4.68 2.28

Means with different letters are significantly different. SEM=standard error of the mean.

Table 5. Plot cover and 3 year mean leaf-to-stem ratio on a dry matter basis of grass species tested for 3 years at Bishoftu.

Species Plot cover Three year mean leaf-to-stem ratio'
2020 2021 2022 Combined analysis
U. brizantha (DZF-13379) 6° ab 9 7.67° 0.92°
U. humidicola (DZF-9222) 6° 78 7.3b 6.78° 0.91*
U. decumbens (DZF-10871) 6° 8.7 abe 7.56% 0.96°
U. mutica (DZF-483) 7.7 8.32 8.3 8.11° 0.872
Desho grass (Kindu kosha) 7% 8.7 7.7%¢ 7.78? 0.87°
Rhodes grass (‘Massaba’) 7eb 8.3° 7° 7.44° 0.72°
Mean 6.6 8.2 7.9 7.6 0.83
SEM 0.32 0.32 0.32 0.27 0.07

"Leaf-to-stem ratio presented as 3 year mean (no species X year interaction); Means with different letters are significantly different;

SEM=standard error of the mean.
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Table 6. Nutritional value of perennial forage grass species evaluated in Bishoftu.

Species Ash% NDF% ADF% ADL% CP% IVDMD%
U. brizantha (DZF-13379) 7.96° 734 43.9% 10.58 12.73¢ 54.2°
U. decumbens (DZF-10871) 9.66% 73.1 43.4® 10.01 10.23% 51.4%¢
U. humidicola (DZF-9222) 11.98¢ 70.6 41.1%® 9.18 12.93¢ 57.8
U. mutica (DZF-4383) 9.042 76 38° 8.6 12.43¢ 52.6°
Desho grass (Kindu kosha) 8.91® 73.7 43,9 9.79 8.27° 54.6°
Rhodes grass (‘Massaba’) 8.69° 77.1 48.32 9.79 9.43® 48.6¢
Mean 9.37 73.98 43.1 9.66 11 53.2
SEM 1.14 2.53 1.88 2.06 0.78 1.27

NDF=neutral detergent fiber; ADF=acid detergent fiber; ADL=acid detergent lignin; CP=crude protein; [IVDMD=In vitro dry
matter digestibility. Means with different letters are significantly different. SEM=standard error of the mean.

Discussion

The occurrence of species X year interactions for
agronomic traits was expected because of climatic
variation between the test years. There was a change
in the ranking order of grass species over the years
owing to the nonuniformity of growing conditions
(rainfall, temperature) during the experimental period.
These results agree with those of Wassie et al. (2018),
who reported significant species X accession X year
interactions. All species were able to persist throughout
the dry season from year to year.

Giventhe feed supply challenges faced by smallholders
in mixed crop-livestock systems, cultivating Urochloa
grasses can alleviate feed shortages (Midega et al. 2018).
This study showed they are capable of producing a
similar herbage yield to the naturally occurring pasture
Desho grass and higher yield than the commonly
used Rhodes grass. They can be easily integrated into
cropping systems, providing additional benefits such
as soil conservation and land rehabilitation (Cheruiyot
et al. 2018a; Horrocks et al. 2019; Damene et al. 2020).
Urochloa grasses are adaptable to rainfed conditions,
enabling farmers to produce surplus feed during the
growing season that can be stored for use during periods
of scarcity (Cezario et al. 2015).

The results confirmed the high forage yield of
U. mutica (DZF-483) in sub-humid environments, as
reported previously by Assefa et al. (2016) and Bantihun
et al. (2022). Dry matter yield of U. mutica (DZF-483)
obtained for 2022 (16.96 t/ha) was higher than the
13.3 t/ha reported during variety registration (Assefa
et al. 2016) and also higher than 11.8 t/ha reported
in the northwest highlands of Ethiopia by Bantihun
et al. (2022). U. decumbens ‘Basilisk’ dry matter

yields (11.26 t/ha) were comparable with the results of
Faji et al. (2022), who reported 11.40 t/ha in Holetta,
Ethiopia. U. brizantha (DZF-13379) displayed increasing
forage dry matter yield each year, indicating the
potential and importance of this cultivar as a candidate
variety for registration (unpublished data). Dry matter
yield of U. brizantha of 11.2 t/ha was higher than yields
of 5.09 t/ha reported for other U. brizantha ecotypes
grown in Northwestern Ethiopia (Wassie et al. 2018).
U. humidicola had the lowest yield but has additional
advantages such as restoration ability when established
on degraded lands (Damene et al. 2020).

Dry matter yield of Desho grass was lower than those
reported in other studies at higher altitudes in Ethiopia
(Asmare et al. 2017; Faji et al. 2022). This is supported
by Mengistu et al. (2024), who indicated that the origin
of Desho grass was highland and mid-elevation areas
and that highland environments were better for the
growth and development of Desho grass. Rhodes grass
(‘Massaba’) dry matter yields were much lower than
those reported by Faji et al. (2022) under supplementary
irrigation in Holetta. This difference could be due to
weather, soil type and irrigation.

All species had CP concentrations greater than 7%,
meeting the minimum crude protein requirements for
the synthesis of microbial proteins in the rumen needed
to support the maintenance requirements of ruminants
(Van_Soest 1994). U. humidicola, U. brizantha and
U. mutica were classified as medium protein feed
sources and the remaining species were categorized
as low-protein feed sources using the classification
of Lonsdale (1989). CP concentrations of U. mutica,
U. decumbens, Desho, and Rhodes grass were
higher than those reported by Bantihun et al. (2022)
and Faji et al. (2022).
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Ash ranged from 8—12%, which is in agreement with
the report of Wassie etal. (2018). NDF was higher than the
values (65%) for tropical grasses reported by (Van Soest
1994), classifying them as a low-quality roughage. The
variable ADF reported may be due to the different grass
genotypes and species. Faji et al. (2022) reported that
the nutritive value can vary with genotype, harvesting
stage and environment. U. humidicola is more digestible
than the other perennial grass species evaluated,
although [IVDMD showed a decline with an increase in
NDF, ADF and ADL. This could be attributed to lignin
deposition in the cell wall and an increased proportion
of stem in the forage with ageing. Results for nutritive
value of U. decumbens, Desho grass and Rhodes grass in
the current study were higher than those reported by Faji
et al. (2022). Differences between these results and those
of other studies are probably due to the differences in
the edaphic, climatic, and biotic conditions of the study
environment as well as the maturity stage at harvest,
management and supplementary irrigation.

Conclusions

The Urochloa grasses compared well with other grasses
evaluated in this study with the potential to produce forage
with good nutritive value and serve as alternative options
for smallholders in rainfed sub-humid environments in
Central Ethiopia. These grasses demonstrated optimal
organic matter digestibility and remarkably high crude
protein (CP) concentration, making them excellent
forage supplements in systems where crop residues
are the primary feed resource. U. mutica, followed by
U. brizantha, may be particularly recommended due to
their higher biomass production and adequate forage
nutritive value. Further studies should be conducted on
the performance of animals fed these grasses as a basal
diet to make feeding recommendations to livestock
producers in the area.
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