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A study was conducted to describe forage yield and nutritive value of natural pasture at varying

harvesting time from Metekel area. An area of 2,414 m™ natural pasture was enclosed in three districts
at the beginning of the main rainy season in two consecutive years and harvesting was made at 10 days
interval starting from late July to November. The average yield of the natural pasture in the study area
was 5.40 ton DM/ha. The dry matter yield was significantly (P<0.05) increased in advancing flowering
while crude protein and in vitro organic matter digestibility was decreased, as expected. Unlike acid
detergent fiber which increased significantly (p<0.05) with maturity, the neutral detergent fiber and
hemicellulose level of the pasture was not significantly different (p>0.05) between harvestings. Despite
poor balance of grass and legume combinations which contributed for lower protein content and
digestibility, the natural pasture of Metekel zone has a high productivity in relation to total DM vyield. It
could be concluded that appropriate harvesting time for quality hay making is at 40 to 80% of flowering
and after 17+2 weeks of precipitation.

Key words: Metekel lowlands, ruminant, grazing land, biomass yield, chemical composition, Benishangul-
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INTRODUCTION

Ethiopian grasslands account for over 30% of the land
cover and constitute to 66 percent of feed resources for
livestock (CSA, 2011). Natural pasture, crop residue,
improved pasture and forage, agro industrial by products
and other by-products like food and vegetable refusal are
major livestock feed resources of which the first two
contribute the largest feed type (Alemayehu, 2003). As in
many parts of the country, livestock farmers in Metekel,
North West Ethiopia, are highly dependent on grazing
lands and crop residues. Native feed resources contribute
over 75% of the total feed supplies in this area
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(BoARD, 2006) while the contribution of natural pastures
to livestock feeding as conserved hay is limited to 2.8%
(CSA, 2011). Alemayehu (2002) indicated that hay
produced from natural grasses, improved forage legumes
and browse legumes is the most appropriate conserved
forage for small-scale fattening or dairy production in
Ethiopia.

Seasonality in quality and quantity of forage supplied is
one of the prior problems of livestock owners in Metekel
zone that has a typical tropical lowland climate. As quality
and quantity of hay is highly dependent on growth stage
of the grass, considerable attention should be given to
harvesting time. Though at early stage of growth plants
put most of their energy into vegetative growth and
contain high concentrations of starches, proteins and



minerals, the biomass yield is lower. On the other hand,
as plants mature, their fiber component increases and
traps the nutrients within indigestible cell walls. Thus
compromising biomass yield and nutritive value is an
important issue when we decide the appropriate cutting
age of the grass for quality hay.

The high temperature in tropical countries changes the
nutritive values of the grass component rapidly during the
late growth stages of the grassland (McDonald et al.,
2002) and harvesting management is predominantly
responsible for these changes (Cop et al., 2009). Time
and frequency of harvesting, botanical composition,
fertility of the soil and climatic conditions are the major
factors that determine biomass yield and nutritive value of
pastures (Adane and Berhan, 2005; Yihalem et al., 2005;
Tessema et al., 2010). Due to poor agricultural extension
service delivery in Metekel zone forage conservation is
not practiced and it is a tradition for the native Gumuz
people to burn the natural pasture in dry season as
means of re-growth stimulation and reducing bush
encroachment for ease of hunting (Fitsum et al., 2009).

Though various species of grasses, legumes and other
browse plants are available in the area, there is a
considerable loss of livestock productivity in the dry
season as the animals are restricted only on crop
residues and the inadequate dry swards of grasses. If
grasses are cut at the right growth stage and dried for
later use, the existing feed problem can significantly be
reduced. A detailed knowledge of seasonal growth and
nutritive value of the grass-lands is also necessary to
utilize the available pasture efficiently. Therefore, the
objective of this study was to identify the appropriate
harvesting time of the natural pasture for optimum quality
and yield of hay.

MATERIALS AND METHODS
Description of study area

The study was conducted in Metekel zone located in the
Benishangul-gumuz National Regional State, North West
Ethiopia, covering an area of 3,387,817 hectares. About
80% of the area is characterized by having sub-humid
and humid tropical climate. The topography of the zone
presents undulating hills slightly sloping down to low land
Plateaus having varying altitudes from 600 to 2800
m.a.s.. Meteorological data of Pawe Agricultural
Research Center indicate that the zone receives an
annual rainfall ranging from 900 to 1450 mm with annual
minimum and maximum temperature of 20 and 35°C
respectively.

The dominant vegetation cover of the study area is
characterized by different types of woodland which
include broad-leaved deciduous woodland, Acacia
woodland, riparian woodland along the major rivers,
Boswellia woodland and bamboo thicket (UNDP/ECA,

1998). According to MoA cited in Engda (2000) the
surrounding of Metekel Zone has a wide climatic range
within hot to warm moist lowlands (M) and hot to warm
sub humid lowlands (SHj) agro-ecological zones.

Sampling procedures and data collection

Three districts (Pawe, Dangur and Dibate) were selected

and an area of 2,414 m2 natural pasture was enclosed in
each district from June to November. Each enclosure was
divided into 3 blocks that are further divided into 12 plots
giving a total of 108 plots. The size of each plot was 5 x
10 m. Harvesting of three plots per treatment was made
starting from late July with 10 days interval and in each
harvesting day data on biomass yield, leaf to stem ratio,
flowering percentage and samples were taken for further
feed analysis. The DM yield of each plot was determined
by drying a representative sample in an oven at 65°C for
72 h (ILCA, 1990) and the final yield was calculated in
tons per hectare.

Chemical
digestibility

analyses and in vitro dry matter

The dried samples were ground to pass through a one
mm sieve size for quality evaluation. To determine ash
the samples were ignited in a muffle furnace at 550°C
(AOAC, 1990) and Crude Protein (CP) was determined
using Kjeldahl method (AOAC, 1980). Goering and Van
Soest (1970) procedure was used to determine Neutral
Detergent Fibre (NDF) and Acid Detergent Fibre (ADF).
Hemicellulose (HC) was calculated as NDF less ADF.
The in vitro Dry Organic Matter Digestibility (DOMD) was
determined according to the two stages method outlined
by Tilley and Terry (1963). All chemical composition and
in vitro DOMD analyses were carried out at Holeta
Agricultural Research Center, Nutrition laboratory.

Statistical analysis

The trial was laid out in randomized complete block
design with three replications. General Linear Model was
used to compare effects of location, season and
harvesting time on quality and yield of hay. Tukey and
LSD mean comparisons were deployed. This analysis
was conducted using SAS software (SAS Institute, 1990).

RESULTS AND DISCUSSIONS
Forage yield at different harvesting times

The early flowering stage of pasture appears to be the
most appropriate harvesting time for making hay



Table 1. The average flowering, leafiness and dry matter content of natural pasture at advancing stages of maturity in three districts

of Metekel, Ethiopia.

No Harvesting dates We.elfs O,f Flowering Leaf to stem ratio Partial dry matter
precipitation (%) (9/kQ)
1 Late July 73 0.0 1.6° 172"
2 Early August 8.7 0.0 1.8%° 257°
3 Mid-August 10.2 2.7 2.3% 263%°
4 Late August 11.6 3.0 1.6° 278%
5 Early September 13.0 6.3 1.6° 285%°
6  Mid-September 14.4 186 1.2°¢ 285%¢
7 Late September 15.9 21.3 1.2°¢ 304%°
8  Early October 17.3 42.4 1.1 336"°
9  Mid-October 18.7 58.5 1.3°¢ 379%°
10  Late October 20.2 785 1.1°¢ 380%°
11  Early November 216 79.3 1.3°¢ 381%°
12 Mid-November 23.0 100 0.9° 3895%
13  Late November 24.5 100 0.6° 3972
C.V.% 51.6 14.7

Means with the same letter in a column are not significantly different (p>0.05).

(Crowder and Chheda, 1982). Natural pasture in the
study area started flowering after 10 weeks of
precipitation and became fully flowered in 24 weeks, and
on average the pastures achieved 50% maturity in 172
weeks after the onset of rain (Table 1). Pastures in Pawe
and Gublak areas reach 50% flowering stage about 3
weeks earlier than the one at Dibate location. The
average value of leaf to stem ratio (LSR) of the enclosed
pasture was 1.4. The plants were leafier in the early
harvesting time, at the beginning of flowering, and there
was no significant difference (P>0.05) observed between
13 and 22 weeks of precipitation, and less proportion of
leaf was recorded beyond 22 weeks. The inverse
relationship between LSR and DM was manifested in the
current study as partial DM content showed increasing
trend (from 172 to 397 g/kg) through harvesting time. This
indicates that the moisture content of plants in the
pasture decreases as the LSR decrease in advancing
growth.

Previous reports from different parts of Ethiopia have
asserted the significant effect of harvesting stage on the
productivity of natural pasture (Kidane, 1993; Zinash et
al., 1995; Yihalem, 2004; Adane and Berhan, 2005;
Tessema, 2005; Yihalem et al., 2005). Similarly, forage
yield significantly varied between harvesting times in the
current study (Figure 1). The highest total DM yield of the
natural pasture was obtained at the late stages of
harvesting towards the end of the rainy season (late
October and November) when flowering percentage is
more than 75. There are limited studies previously
reported on the DM vyield of natural pastures in similar
agro-ecologies. Reports from central highlands of
Ethiopia estimated the annual DM vyield of natural pasture

to be 4.5 t/ha on seasonally waterlogged bottomlands
(Alemayehu, 1987), 3 t/ha for protected grasslands (Jutzi
et al., 1987) and 6 t/ha for well managed natural pasture
(Yihalem, 2004). The average yield of natural pasture in
the present work was 5.4 t/ha per one growing season
which was more than the one reported for protected
grasslands and comparable to well managed pasture in
the highlands of the country. The highest dry matter was
recorded in Pawe (6.2 t/ha) followed by Gublack (5.1 t/ha)
and the smallest dry matter yield in Dibate (4.1 t/ha). This
variation may be due to the species of grass growing in
the area and the nature of the soil. It could also be due to
the variations in rainfall amount and pattern between
these districts. There was no significant difference of dry
matter yield between the two years.

Chemical composition and in vitro dry matter
digestibility

The two vyears combined analysis of chemical
composition and in vitro dry matter digestibility of the
pasture is presented on Table 2. In contrast to DM vyield,
crude protein (CP) content of the pasture was decreased
significantly (p<0.05) as period of harvesting is advanced
(Figure 2). The result was in agreement with many other
studies (Hassan et al., 1990; Gebremeskel, 1993; Zinash
et al.,, 1995; Denekew, 2004) who reported a decline in
CP content of pasture along with increasing stage of
harvesting which may be due to the decrease in leaf to
stem ratio and the dilution of the CP content by the
increased structural carbohydrates. Ruminants need a
minimum of 150 g CP per kg of DM
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Figure 1. Forage dry matter yield at various stages of maturity of natural pasture in three districts of Metekel

zone, Ethiopia.

Table 2. Chemical composition of the natural pasture at different levels of maturity in Metekel zone,

Ethiopia.
Harvesting time Ash cP NDF ADF HC DOMD
(9/kg) (9/kg) (9/kg) (9/kg) (9/kg) (9/kg)
Late July 115° 62" 7742 501° 273% 626°
Early August 100° 587" 797% 509° 288° 487%°
Mid-August 97°° 587" 793% 502° 2612 481%°
Late August 93”° 57%° 797% 517° 280° 473°
Early September 86 5 4abe 768% 547%° 220% 460°
Mid-September g7 5Qabod 800° 552%° 248° 475°
Late September 83* 4gabed 792% 544%° 2482 451°
Early October 73% 47abcd 811® 551%" 260% 395°
Mid-October 88*“ Adbed 809% 557%° 2722 392°
Late October 78" 42bcd 8112 552%" 2792 362°
Early November 72° 37% 815" 572% 2443 305°
Mid-November 59" 32¢ 825% 573% 252° 306"
C.V.% 8.3 22.4 5.7 5.9 16.3 34.4

Means with the same letter in a column are not significantly different (p>0.05).

for lactation and growth (Norton, 1982), and 75 g CP per
kg of DM for rumen function (Van Soest, 1994). CP level
recorded in this study was insufficient to satisfy the rumen
microbial function and delay in harvesting of the

pasture beyond 20 weeks aggravates the protein
deficiency problem.

The Neutral Detergent Fiber (NDF) and Acid Detergent
Fiber (ADF) content was increased with advance in



Yield Vs CP

\ / Tl g

S 50 & [—o

a )>R 53 CP
-*a _ —

50 45 / \ £ | —a=Yield
= 0 + 4 o (t/ha)
£ b

/

N

1 1 I 1 b

Early Mid Late Early Mid Late Early Mid Late Early Mid Late
Aug Aug Aug Sep Sep Sep Oct Oct Oct Nov Nov Nov
Harvesting tume

Figure 2. Trends in CP and biomass yield of the natural pasture at varying levels of maturity in Metekel.

harvesting period from July to November. Unlike ADF, the
NDF content of the pasture at different cutting dates was
not significantly different (p>0.05) even if the value was
increasing with maturity. The increasing NDF and ADF
content with advance in harvesting was also reported by
Kitaba and Tamir (2007) and Tessema et al. (2010). This
might be associated with an increase in cell wall
lignifications as forages get matured. The average value
of NDF for tropical grass is 662 g/kg (Van Soest, 1994
and McDonald et al., 2002). Feeds with more than 650 g
NDF per kg of DM were classified as low quality
roughages (Singh and Oosting, 1992), and the natural
pasture in the study area falls in this category (between
770 and 830 g/kg). This could affect the intake of the
pasture and would limit production and productivity of
livestock. In contrast to many other studies including
Kidund et al. (1990), Tessema et al. (2003), Kitaba and
Tamir (2007) and Tessema et al. (2010) who reported the
hemicellulose content increase with advancing stage of
growth, in the current study there was no significant
(p>0.05) difference among all the cuttings.

In vitro dry organic matter digestibility (DOMD) showed
a declining trend in advancing maturity (Figure 3).
However, a significant difference (p>0.05) was not
observed in the cutting made beyond August. The
reduction of digestibility against maturity is in agreement
with the finding of Zinash et al. (1995), Kitaba and Tamir
(2007) and Tessema et al. (2010) who reported a

decreased DOMD when the grass species is harvested at
relatively advanced stages of growth. This might be due
to deposition of lignin in the cell wall with increasing
maturity and the increasing proportion of stem which
becomes less digestible when compared with the leaf
portion at advanced maturity (McDonald et al., 1995). A
significant difference was not observed across years and
locations.

The ash content observed in this study varies both in
location and years. The average content of ash was
declined with advancing stage of cutting. The result was
in agreement with the one reported by Solomon et al
(2008). The author indicated that there is a decrease in
total ash content of the natural pasture in late maturity.
This might be related to dilution and translocation of
minerals from vegetative portion of the plant to roots at
late stage of maturity (Maynard et al., 1981).

CONCLUSION AND RECOMMENDATION

Feed conservation mechanisms like hay making can
improve feed availability in dry season and reduce wild
fire after rainy season and enable to utilize the pasture
efficiently.

Despite poor balance of grass and legume
combinations which attributed for lower protein content
and digestibility, the natural pasture of Metekel zone has
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Figure 3. Trends in digestibility and biomass yield of the natural pasture at varying levels of plant maturity in Metekel.

a huge total DM yield and harvesting the pasture at an
appropriate stage of growth is one of the best options to
improve the outcome of grazing lands. However, it seems
that adjusting harvesting time is not as good as managing
good legume mixtures in the pasture to improve the CP
content of harvested biomass. In order to optimize quality
and quantity of hay producers in Metekel zone can
practice cuttings between 15 and 19 weeks of
precipitation when the percentage of flowering is 40 to

80. Harvests past this time need treatments like urea and
molasses to improve quality of hay for ruminants’
consumption.
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