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Abstract: The biomass production and nutritive value of the natural pasture of Umbulo Wacho watershed in
Southern Ethiopia were studied. The upper and medium altitudinal zones had an open area and areas closed for
2, 3 and 4 years and the lower altitude had an open area and an area closed for 2 years. In each of the open and
closed areas, three sites were selected (9 in open, 21 in closed) at each of which exclusion cages (30) were fixed.
The re-growths of forage samples were cut at 30 days interval from May up to November from the exclusion
cages. The overall dry matter (DM, %), organic matter (OM), crude protein (CP), neutral detergent fiber (NDF),
acid detergent fiber (ADF), acid detergent lignin (ADL), ash, calcium (Ca) and phosphorus (P) contents of the
forages were 30.8, 83.9, 12.7, 66.7, 32.6, 4.5, 16.2, 0.6 and 0.3%, of the DM, respectively; in vitro DM digestibility
(IVDMD) was 72.1% and DM yield (DMY) was 71.34 g/1.21 m/30 d (0.59 tones/ha/30 d). The natural pasture
(117.1 ha) produced 829.07 tones of DM/year (0.59 * 117.1*12) which can only meet 8.20% of the total DM
requirement (10,107.11 tones/year) of the tropical livestock unit (4431) found in the watershed. Closing an area
for long duration decreased (P < 0.01) CP, P, DMY and IVDMD, but increased ADF and ash. Advance from the
rainy season towards the dry period reduced (P < 0.01) DM, DMY, CP, ADF, ash and P. With increasing
altitude, DM increased (P < 0.01) but DMY, NDF and P decreased. The IVDMD was positively correlated with
DMY and negatively correlated with NDF and ash (P < 0.05). The interactions among closed or open areas,
sampling time and altitude were significant (P < 0.05) for most of the nutrient content and yield parameters. The
forages could be cut twice (middle and end of the rainy season) when the nutrient contents are optimal. For
integrated and sustainable use of forages in the watershed, further study in improvement of quality and utilization
is suggested.
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1. Introduction
Livestock plays an important role in the livelihood of the
farmers in the Umbulo Wacho Watershed in Southern
Ethiopia. The watershed suffers from severe shortages of
water and feed. Due to the rapidly increasing human
population, cropping is expanding and grazing areas are
shrinking, the available natural pastures are excessively
stocked with animals and are thus overgrazed. Although
natural pasture is one of the feed sources of livestock in
the watershed, its productivity is gradually decreasing
because of overstocking and soil erosion. Livestock
exclusion was thus necessary for stabilizing the area.
Improvement in total yields and feed value of forages in
closed areas is possible by shifting the use of forages
from grazing to cut and carry (Tsige, 1999).
Umbulo Wacho was selected for this particular study
because it is among the areas that have distinctive
watershed. Large closed areas due to soil degradation and
shortage of livestock feed were among the top priority
problems of the area according to a diagnostic survey
conducted in 2003. Natural pasture is one of the feed
resources of animals in the watershed, however, as it is
the common case elsewhere in Ethiopia (Aune et al.,
2001), its productivity is gradually decreasing because of
overstocking with the resultant overgrazing. This is
particularly serious during the drier part of the year with
substantial reduction in the performance of livestock
(Legesse, 2008).
Biomass is regarded as an important indicator of
ecological and management process in the vegetation
(URL, 2001). Above ground biomass is commonly
available to large herbivores and below ground biomass is
very important for plant functions (Holechek et al., 1998).
*Corresponding author. E-mail: sgsdean@yahoo.com

Direct harvesting is considered the most reliable method
of determining the above ground biomass (Snyman,
1993) and biomass is best expressed in terms of dry
matter yield (Herlocker, 1999). Low DM degradation was
recorded at heavily degraded range sites, but higher DM
yield was exhibited in enclosures where the grazing
intensity was low (Ahmed, 2003; Admasu, 2006). Dry
matter biomass in enclosures was significantly higher
than in communal grazing lands because the later are
overgrazed and less productive forages might be related
with overgrazing (Abule, 2003; Amaha, 2006).
Despite the wide use of indigenous forages by farmers,
biomass production of the natural pasture and availability
of other feed resources of the watershed have not been
properly studied up to now. Estimation of forage
biomass production and assessment of forage quality
variables were, therefore, important for making
adjustment on stocking rate and taking decisions of
pasture management.
The objective of the study was therefore to measure
the biomass production and nutritive value of forages in
the natural pasture of the closed and open areas of the
watershed.

2. Materials and Methods

2.1. Description of the Watershed
The watershed (38017’E, 7001’N) lies between 1500 and
2300 m. a. s. l. and receives an annual rainfall of 1067
mm. Rainfall is bimodal and unpredictable. The dry
season lies between November and May, March and May
being the driest months. The rainy season includes April,
June, July, August and September, sometimes extending
up to October or November. Frost is common in the
©Haramaya University, 2010
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area and it occurs for a short duration of time between
October and November and damages legume species and
leaves of young enset which causes scarcity of livestock
feed. Crop and livestock production are the main
activities in the watershed. Cattle, sheep, goats, donkeys
and chickens are major livestock species kept (Diagnostic
Survey Report, 2003; Senbeto, 2006).
Land degradation and moisture stress are severe
problems and the vegetation cover has been denuded,
soil eroded and wide and deep gullies have formed. Land
management through conservation-based rehabilitation
of the watershed was undertaken in an attempt to address
the problems. Accordingly, large degraded areas of land
were closed from grazing for rehabilitation and
management has been entrusted to the community.
There is a significant shrinkage of grazing areas and
existing natural pastures are heavily populated with
livestock and overgrazed. Thus, especially during the dry
season, animals are not able to meet even their
maintenance nutrient requirements and lose substantial
amounts of their body weight.
2.2. Experimental Design, Forage Sampling
Technique, Weighing and Processing
As shown in Table 1, the study area was stratified into
three altitudinal zones, high (H, above 1750 m. a. s. l,
plain), medium (M, from 1650 to 1750 m. a. s. l, steep
slope), and low (L, below 1650 m. a. s. l, flat land). The
high and medium altitudinal zones were blocked into
open and closed, and the closed areas were closed for 2,
3 and 4 years. Similarly, the low altitude was blocked into
an open and a closed area (closed for 2 years only). In
each of the open and closed areas of the altitudinal
zones, three sites were selected which gave a total of 30
sampling sites at each of which exclusion cages were
fixed. Cages of each stratum were placed 500 to 600 m
apart depending on the size of the area. The dimension
of the exclusion cages were 1.1 m x 1.1 m x 1 m (L x W x
H), and were firmly fixed in the ground to prevent them
from being moved by animals. Each cage in the open
areas was moved to new places around the selected site
after every cutting, in order to take account of the effect
of urine and feces excreted by grazing animals. It was
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rotated in a four to five meter radius from the center of
the initial position of the cage in a clockwise direction to
minimize personal bias. However, the cages in the closed
areas were not rotated. The forages in the cages in both
the open and closed areas were cut at an interval of 30
days.
The first sample was taken in May 2005, and from then
on at an interval of 30 days. Seven consecutive samplings
were taken from May to the end of November. The
entire herbage from individual exclusion cages was
manually cut at ground level using scissors and weighed.
The freshly collected samples from individual exclusion
cages were separated into grasses, legumes and others
and weighed. Each type of herbage from individual cages
was then thoroughly mixed and a representative sample
of 200 g was taken and put into a carefully labeled plastic
bag, and then transported to Animal Nutrition laboratory
of Hawassa College of Agriculture. The samples were
dried at 65 0C for 48 hours. The dried samples were
ground to 1 mm size and stored in airtight plastic bags
until they were subjected to chemical analysis and an in
vitro DM digestibility.
The forage samples collected were grouped into four
sampling times May, June, July to September and
October to November based on rainfall distribution and
forage biomass productivity (Table 2). The samples
collected during July, August and September were pulled
for each cage and the same was done for samples
collected during October and November and average
monthly DMY of forages from each cage were
calculated.
2.3. Chemical Analysis
Determination of DM and total ash contents was carried
out using the procedures of AOAC (1990). Nitrogen (N)
and phosphorus (P) contents were determined by autoanalyzer and crude protein (CP) was calculated as N ×
6.25. Neutral detergent fiber (NDF), acid detergent fiber
(ADF) and acid detergent lignin (ADL) were analyzed
according to Van Soest et al. (1991). Calcium (Ca) was
analyzed by atomic absorption spectrophotometer
(Perkin, 1982).

Table 1. The design of the distribution of cages used for the assessment of biomass production of Umbulo Wacho
watershed natural pasture.

Altitudinal zones (m. a. s. l)
High (> 1750)
Medium (1650-1750)
Low (< 1650)

Open
Cage1
Cage2
Cage3
Cage1
Cage2
Cage3
Cage1
Cage2
Cage3

Area conditions
Closed (years)
2
3
Cage1
Cage1
Cage2
Cage2
Cage3
Cage3
Cage1
Cage1
Cage2
Cage2
Cage3
Cage3
Cage1
Cage2
Cage3

4
Cage1
Cage2
Cage3
Cage1
Cage2
Cage3

m. a. s. l = Meters above sea level
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Table 2. The relationship between rainfall and dry matter yield (g/1.2 m 2/30 d) of the forages in the open and closed
areas of Umbulo Wacho watershed.
Sampling
time
May
June
July-Sept.
Oct.–Nov.

Rainfall
(mm/month)
150
45
104
42
Mean
DMY = Dry matter yield

Open
237
111
86
42
121

DMY in the open and closed areas
Closed for 2
Closed for 3
Closed for 4
years
years
years
144
80
65
84
28
43
41
33
26
30
14
9
75
57
54

2.4. In-Vitro Dry Matter Digestibility
The in-vitro dry matter digestibility (IVDMD) was
determined by the method of Tilley and Terry (1963) as
modified by Van Soest and Robertson (1985).
2.5. Statistical Analyses
The GLM procedure of SAS (1998) was employed for
the ANOVA of DM, DMY, CP, NDF, ADF, ADL, Ca,
P, total ash and IVDMD in a randomized complete block
design (RCBD) where the altitudinal zones were blocked
into open and closed areas. The three factors were
condition of the area (closed or open), sampling time and
altitude of the area. Means were considered to be
significant at P < 0.05. When least square means (LS
means) of nutrient contents, DMY and IVDMD were
significant, they were separated by least significant
difference (LSD). Partial correlation procedures were
used to determine the relationship between nutrients,
IVDMD, condition of the area (open or closed),
sampling time and altitude. The effects of the condition
of the area (open or closed), sampling time and altitude
on parameters considered were determined using the
following model:
Yijlk = +Ai+ B j+ Cl + ABij + BCjl + ACil +ijlk
where Yijlk = biomass production and nutritive value
(nutrient contents, DMY, IVDMD);  = overall mean; Ai
= effect of condition of the area (closed or open); Bj =
effect of sampling time (months); Cl = effect of altitude
(slopes); ABij = interaction effect of condition of the area
and sampling time; BCjl = interaction effect of sampling
time and altitude; ACil=interaction effect of condition of
the area and altitude; ijlk = random error
Multiple regression analysis was conducted for the
dependent variables (DM yield, nutrient content and
IVDMD) and independent variables (condition of the
area, sampling time and altitude) using the following
model:
Y = β0 + β1 (condition of area) + β2 (sampling time) + β3
(altitude) + ijkl

Mean
144
81
53
29

where: Yijkl = biomass production and nutritive value
(nutrient contents, DMY, IVDMD); β0 = constant
(intercept); β1, β2, β3 = regression coefficients (slopes of
the independent variables); ijkl = random error

3. Results and Discussion

3.1. Forage Biomass Production
When the study was planned, it was assumed that there
would be a continuous occurrence of grasses, legumes
and other species during the entire experimental period.
However, with the exception of the first sampling time
(May), it was actually found that, except in some of the
cages, there was no re-growth of legumes or other
species other than grasses, possibly due to poor recovery
of the species. Perennial bunch type grasses formed the
main part of the re-growth at each cutting in both closed
and open areas.
3.1.1. Dry Matter Content and Yield
The DM content of the grasses was 30.80 + 2.97% with
a minimum of 24.1% and a maximum of 42.6%. The
DM content of grasses re-grown was significantly
influenced (P < 0.01) by sampling time, altitude and by
the interactions between condition of the area, sampling
time and altitude (Table 2). The lowest DM content was
recorded at the bottom of the watershed, but there was
no significant difference (P > 0.05) in the mean forage
DM content between the high and medium altitudes
(Table 5). The interaction effect between altitude and age
of closed areas; and between condition of the area and
sampling time on the DM content were significant (P <
0.01).
The differences in mean DM content of the re-growth
of grasses during May, June and October-November
were not significant (P > 0.05), but DM content was
significantly lower (P < 0.05) during July-September
compared to the above means (Table 3).
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Table 3. The nutrient contents, dry matter yield and in-vitro dry matter digestibility of the natural pasture harvested at
various periods in Umbulo Wacho watershed harvested over four sampling periods.
Sampling period
June
July-September October-November
Mean ± SE
Mean ± SE
Mean ± SE
Nutrient content
Dry matter (%)
31.56a ± 0.57
30.85a ± 0.57
27.78b ± 0 .56
30.55a ± 0.56
OM (% DM)
83.02b ± 0.53
84.67a ± 0.53
83.49ab ± 0.52
83.32ab ± 0.52
Crude protein (% DM)
13.68a ± 0.42
13.06ab ± 0.42
12.65abc ± 0.42
11.66c ± 0.42
a
b
ab
Total ash (% DM)
16.98 ± 0.53
15.32 ± 0.53
16.53 ± 0.52
16.68ab ± 0.52
a
b
b
Phosphorus (% DM)
0.39 ± 0.02
0.29 ± 0.02
0.29 ± 0.02
0.22 c ± 0.02
a
a
a
Calcium (% DM)
0.65 ± 0.02
0.65 ± 0.0.02
0.62 ± 0.02
0.64a ± 0.02
ADF (% DM)
34.67a ± 0.50
31.83b ± 0.50
32.39ab ± 0.49
31.21b ± 0.49
ADF ash (% DM)
7.87ab ± 0.41
6.82 b ± 0.41
8.08a ± 0.40
7.78ab ± 0.40
b
a
b
ADL (% DM)
4.85 ± 0.22
3.94 ± 0.22
4.71 ± 0.22
4.52ab ± 0.22
a
a
a
NDF (% DM)
66.74 ± 0.81
66.69 ± 0.81
66.94 ± 0.79
66.89a ± 0.79
Dry matter yield and digestibility
DMY (g/1.21 m2/30 d)
143.13a ± 8.94
76.62b ± 8.94
52.59c ± 8.74
29.28d ± 8.74
IVDMD (%)
71.51a ± 1.12
71.91a ± 1.12
73.99a ± 1.09
71.23a ± 1.09
ADF = Acid detergent fiber; ADL = Acid detergent lignin; DM = Dry matter; DMY = Dry matter yield; IVDMD = In-vitro dry
matter digestibility; NDF = Neutral detergent fiber; OM = Organic matter; SE = Standard error
Parameter

May
Mean ± SE

The DMY was 71.34 + 46.40 g/1.21m2/30 days or 0.59
+ 0.06 tones/ha/30 days. The highest DMY was
obtained at the bottom of the watershed and the lowest
at high altitude which is sloppy and degraded (Table 5).
Because of the sloppy topography, the topsoil from the
medium altitude was washed to the bottom of the
watershed which, most probably, improved soil fertility
and contributed to the increased DMY in the open area
at the bottom of the watershed. According to Senbeto
(2006), the watershed had a total of 117.1 ha of natural
pasture and 4431 TLU; and thus it provides 829.07 tones
of DM/year (0.59*117.1*12) which is able to meet only
about 8.20% of the total annual DM requirement (2281
kg DM/TLU/year x 4431 =10,107.11 tones) according
to the formula of Jahnke (1982)
The highest (P < 0.05) DMY was recorded from the
open area and the lowest from the area closed for 4 years,
although not significantly different (P > 0.05) from the
DMY obtained from the area closed for 2 and 3 years
(Table 4). The higher DMY in the open areas could be
attributed to inputs of manure from grazing animals.
Organic fertilizers, feces and urine were not added to
those areas which were closed for a longer period of time
and therefore, this could be a possible reason for reduced
DMY. Grasses that have stayed there for a long time
might have exhaustively used the available nutrients and
depleted the soil and could have influenced the re-growth
rate and reduced DMY. The speed and extent of
nutrients recycling as a result of OM decomposition were
probably not able to compensate the depletion. There
was a significant reduction (P < 0.05) in DMY of regrowth of forages with increasing age of the closed areas.
The lowest DMY in most cases was recorded from
high altitudes which were closed over three years (Table
5). The interaction between the age of the closed area
and sampling time on DMY was significant (P < 0.05)
and there was a decreasing trend of DMY towards the

beginning of the dry season (Table 6 and 7). The highest
DMY was recorded in May which received the highest
amount of rainfall in the study period (Table 2). The
amounts of rainfall in June and between October and
November are almost similar, but the DMY during June
was much higher than between October and November.
The amount of rainfall in the period between July and
September was much higher than in June but the DMY
between July and September was even much smaller than
in June (Table 3), which is hard to explain from the
rainfall data alone.
The lower range of DMY in this study, compared to
the report by Wilkins (2000), might be due to the short
cutting interval of the forages, soil degradation and poor
vegetation cover. Some of the areas selected were
productive and in use for grazing; others were closed for
shorter (2 years), medium (3 year) and longer periods (4
years). The difference in the level of succession at
different altitudes and age of closure might have
contributed to the reduction in the mean DMY of grasses
in the watershed. The condition of the area, sampling
time, altitude and their interactions had significant (P <
0.01) effects on DMY.
3.1.2. Nutrient Content
The CP content of the grasses was 12.73 + 2.20% DM,
ranging between 7.82% and 21%. Soni (1975) indicated
that grasses in the tropics have values approaching a
constant CP content of 12%. Moreover, the mean CP
content of Rhodes grasses was reported by Daniel (1988)
to be 13.3% DM without nitrogen fertilization at 100%
leaf stage which is slightly higher than the overall mean
CP content obtained in this study.
Crude protein content was significantly (P < 0.01)
influenced by sampling time, the existing condition of the
area (open vs. closed) and altitude.
4
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Table 4. The nutrient contents, dry matter yield and in-vitro dry matter digestibility of the natural pasture from closed
and open areas of Umbulo Wacho watershed.
Conditions of the area
Closed (2 years)
Closed (3 years)
Closed (4 years)
Mean ± SE
Mean ± SE
Mean ± SE
Nutrient content
Dry matter (%)
29.95a ± 0.50
30.92a ± 0.51
30.45a ± 0.66
29.41a ± 0.66
OM (% DM)
85.15a ± 0.46
83.37b ± 0.47
83.07b ± 0.61
82.92b ± 0.61
Crude protein (% DM)
15.99a ± 0.37
11.98b ± 0.38
11.83b ± 0.49
11.25b ± 0.49
Total ash (% DM)
14.87b ± 0.46
16.63a ± 0.47
16.93a ± 0.61
17.08a ± 0.61
a
b
bc
Phosphorus (% DM)
0.48 ± 0.02
0.27 ± 0.02
0.23 ± 0.02
0.20c ± 0.02
a
b
b
Calcium (% DM)
0.69 ± 0.02
0.62 ± 0.02
0.61 ± 0.03
0.64ab ± 0.03
ADF (% DM)
29.94b ± 0.43
33.20a ± 0.44
33.30a ± 0.57
33.64a ± 0.57
ADF ash (% DM)
5.74b ± 0.35
7.86a ± 0.36
8.15a ± 0.47
8.81a ± 0.47
ADL (% DM)
4.61a ± 0.19
4.45a ± 0..20
4.55a ± 0.25
4.42a ± 0.25
a
a
a
NDF (% DM)
67.34 ± 0.70
66.36 ± 0.72
67.37 ± 0.93
66.20a ± 0.93
Dry matter yield and digestibility
DMY (g/1.21 m2/30 d)
119.08 a ± 7.73
73.02b ± 7.98
56.15b ± 10.28
53.38b ± 10.28
a
b
ab
IVDMD (%)
74.52 ± 0.97
71.39 ± 1.00
71.47 ± 1.28
71.26b ± 1.28
ADF = Acid detergent fiber; ADL = Acid detergent lignin; DM = Dry matter; DMY = Dry matter yield; IVDMD = In-vitro dry
matter digestibility; NDF = Neutral detergent fiber; OM = Organic matter; SE=Standard error
Parameter

Open
Mean ± SE

Table 5. The nutrient contents, dry matter yield and in-vitro dry matter digestibility of the natural pasture at three
altitudinal zones of Umbulo Wacho watershed.
Altitude
Medium
Low
Mean ± SE
Mean ± SE
Nutrient content
Dry matter (%)
31.60a ± 0.43
31.46a ± 0.43
27.49b ± 0.70
OM (% DM)
83.70a ± 0.40
83.98a ± 0.40
83.19a ± 0.65
b
c
Crude protein (% DM)
12.65 ± 0.32
11.57 ± 0.32
14.07a ± 0.52
a
a
Total ash (% DM)
16.30 ± 0.40
16.02 ± 0.40
16.81a ± 0.65
Phosphorus (% DM)
0.23b ± 0.01
0.20b ± 0.01
0.46a ± 0.02
Calcium (% DM)
0.64a ± 0.02
0.64a ± 0.02
0.64a ± 0.03
ADF (% DM)
32.14b ± 0.37
33.99a ± 0.37
31.43b ± 0.61
ADF ash (% DM)
8.05a ± 0.31
8.01a ± 0.31
6.85b ± 0.50
a
a
ADL (% DM)
4.49 ± 0.16
4.52 ± 0.16
4.51a ± 0.27
NDF (% DM)
65.54b ± 0.61
67.29a ± 0.61
67.62a ± 1.00
Dry matter yield and digestibility
DMY (g/1.21 m2/30 d)
50.14b ± 6.70
65.61b ± 6.70
110.46a ± 10.99
IVDMD (%)
72.85a ± 0.84
70.35b ± 0.84
73.28a ± 1.37
ADF = Acid detergent fiber; ADL = Acid detergent lignin; DM = Dry matter; DMY = Dry matter yield; IVDMD = In-vitro dry
matter digestibility; NDF = Neutral detergent fiber; OM = Organic matter; SE=Standard error
Parameter

High
Mean ± SE

The highest CP content of the grasses was recorded in
May and was significantly different (P < 0.05) from that
of the last cutting period (Table 3). The reduction of the
mean CP content with advance into the dry season might
be due to the accumulation of structural carbohydrates
and the rapid rate of maturity caused by high
environmental temperature and low rainfall.
The highest (P < 0.05) CP content compared to all
closed areas was recorded from the open area which
might have increased due to the fertilizing effect of
livestock manure (Table 4). The lowest CP content,
although not significantly different (P > 0.05), was
recorded in the area closed for 4 years which indicates
that the CP content significantly decreased with

increasing age of closure. According to Sarawa et al.
(1999), the CP content varied widely among forage plants
and it declined with increasing age of forages. Crude
protein content of Napier grass showed an increasing
trend with reduced days of harvesting (Hassan et al.,
1990).
The CP content of the grasses was significantly
influenced by the altitude and slope of the watershed.
The highest CP content (P < 0.05) was recorded from
the bottom of the watershed rather than at the top (Table
5), possibly due to continuous supply of nitrogen
through excreta of grazing animals. It was also observed
that the CP content of the grasses decreased with
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increasing slope of the area which is prominent at
medium altitude.
The ash content of the grasses was 16.15 + 2.75% DM
with a minimum of 11.2% and maximum of 28.6%. The
lowest (P < 0.05) ash content was recorded for the
grasses on the open area (Table 3). The ash content of
the grasses from all the closed areas was greater than
those on the open areas. It tended to increase with
increasing age of the closed areas. This agrees with the
reports of Hassan et al. (1990) that the ash content of
grasses significantly declined as days of harvesting
increased from 2 to 8 weeks; and with that of
Underwood (1981) which showed that mineral fraction in
forages declined significantly with maturity, but the rate
and extent of the decline varied with time of the year and
seasonal condition.
A general decreasing trend in ash content was observed
with increasing DMY. According to Berihun (2005), the
increase in ash content with decreasing DMY might be
due to natural dilution and translocation of nutrients
during growth and development of plant tissues.
Total ash content was significantly affected (P < 0.05)
only by the interaction between the condition of the area
with altitude (Table 7), for the simple reason that it was
highly affected by the condition of the area. There was
no significant interaction effect (P > 0.05) of sampling
time and altitude and all other possible interactions on
total ash content.
The P content of the grasses was 0.28 + 0.10% DM
ranging from 0.05 to 0.9%. The range of P content of
grasses found in this study is in agreement with the range
of values (0.1 to 0.6%) reported for P in tropical grasses
or legumes (Whitehead, 2000). Conditions of the area,
sampling time and altitude and the interaction effect
(Table 7) between these factors on the P content of
grasses were significant (P < 0.01).
The highest P content (P < 0.05) was recorded from
May cutting at the time when highest DMY was
recorded, but the lowest from October to November
cutting when the lowest DMY was obtained (Table 3).
According to Whitehead (2000), a decrease in P content
with advance in the dry season could possibly and partly
be justified by the fact that the concentration of P in
grasses decreases with increasing temperature. Kabaija
and Smith (1988) conducted a study on the effect of
season on P yields in Panicum maximum and Cynodon
nlemfuensis (Chedda) during early wet season, late wet
season and late dry season and obtained 55.5, 15.3, 10.4
g/kg, respectively, which had a similar decreasing trend
as observed in this study.
The lowest P content of grasses was recorded from the
open area and the highest from the area closed for 4
years (Table 4). The study indicated that there was a
decreasing trend of P content with increasing age of the
closed area. The significant reduction in the P content of
grasses from areas closed for a longer period might be
due to lack of P fertilization from excreta as the area was
not grazed by animals. Similar justification has also been
reported by Wilkins (2000).
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The average Ca content of the grasses was 0.64 +
0.12% DM ranging from 0.31 to 1.1%. Minson (1990)
reported the Ca content of 390 samples of tropical
grasses grown throughout the world to vary from 0.14 to
1.46% DM with a mean of 0.4%. Whitehead (2000) also
found that the concentration of Ca in herbages ranged
between 0.1 to 2.6%, and that the highest values were for
the legumes rather than the grass species. Relatively high
Ca content in this study could be due to the cutting of
grasses at short intervals and at an early stage of
regrowth. The concentration of Ca found in this study is
sufficient to meet the requirements for cattle which agree
with the reports of Minson (1990) that showed 0.17% Ca
in the DM of the diet can meet the requirement of cattle
weighing 450 kg and gaining 0.5 kg/day. Thus, this study
showed that grazing animals could get the required
amount of calcium if the grasses are used at an early stage
of growth, provided the animals get the required amount
of forage DM.
Although not significantly different (P > 0.05), higher
Ca contents were recorded in forages harvested in May
and June (Table 3) when high DMY was recorded. The
work of Whitehead (2000) indicated that relatively high
concentration of Ca sometimes occurs during periods of
active growing which agrees with the finding of this
study. Although differences in Ca content between
duration of closure (Table 4) were not significant, the
highest Ca content was recorded in the area closed for 4
years. As shown in Table 7, the effect of two-way
interactions between the condition of the area, sampling
time and altitude on the Ca content of grasses were all
significant (P < 0.01).
The average NDF content of the grasses was 66.66 +
4.21% DM, which ranged between 41.3% and 75.6%.
Barton (1997) found similar percentages of NDF in
tropical grasses cut at 4 weeks interval. The similarity in
the NDF content might be related to the similar cutting
interval of the grasses in the two studies without
considering other environmental factors. The NDF
content of Pennisetum purpureum x Pennisetum americium cut
at 60 days interval in Ethiopia in a properly managed
condition was between 59 and 61% (Berihun, 2005), the
minimum NDF content (59%) is 18% higher than the
minimum NDF content obtained in this study, which
shows that the NDF content can be reduced by
harvesting grasses earlier than at 60 days of stage of
growth.
Differences in NDF content of grasses between
sampling times (Table 3) and conditions of the area
(Table 4) were not significant (P > 0.05). However,
Adane (2003) reported increasing trends of NDF content
with extended days of harvesting. Grasses from high
altitude had significantly lower NDF content than those
from medium and low altitudes (Table 5). There is no
significant (P > 0.05) interaction effect of sampling time,
altitude and conditions of the area on the NDF content
of grasses (Table 6).
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Table 6. The regression coefficients of nutrient content of grasses as dependent on condition of the area (closed/open),
sampling time and altitude.
Variable
Condition of the area(β1)
Sampling time (β2)
Altitude (β3)
Intercept (β0)
DM
0.04ns
-0.6*
-1.7**
35.1**
DMY
-23.9**
-36.3**
26.7**
170**
CP
-1.7**
-0.6**
0.3ns
17.9**
ADF
1.4**
-0.98**
0.2ns
31.4ns
ns
ns
NDF
-0.2
0.1
1.1*
64.9ns
ADL
-0.05ns
-0.02ns
0.01ns
4.7ns
Ash
0.6*
-0.2*
-0.2ns
15.4**
P
-0.1**
-0.1**
0.07**
0.5**
Ca
-0.02ns
-0.01ns
0.02ns
0.7**
IVDMD
-1.5**
1.2ns
-0.2ns
73.8**
β1-β3 = Regression coefficient, β0 = Constant; * = Significant at P < 0.05, ** = Significant at P < 0.01; ADF = Acid detergent fiber;
ADL = Acid detergent lignin; Ca = Calcium; CP = Crude protein; DM = Dry matter; DMY = Dry matter yield; IVDMD = Invitro dry matter digestibility; NDF = Neutral detergent fiber; OM = Organic matter; and P = Phosphorus
The ADF content of grasses was 32.55 + 2.58% DM
ranging between 23.0% and 41.5%. The ADF content of
tropical grasses cut at 4 weeks interval was found to be
35.2% (Barton, 1997). According to Ghadaki et al. (1975),
ADF content of tropical grasses at an early stage of
growth was 25.9%, which is slightly lower than the result
obtained in this study.
ADF content of grasses was significantly and positively
influenced (P < 0.01) by the condition of the area,
sampling time and altitude; and by the interaction
between the condition of the area and sampling time (P
< 0.05); and between altitude and the condition of the
area (P < 0.01) (Table 7).
Mean ADF content was highest (P < 0.05) in May
cutting. The lowest ADF content was recorded from
cuttings between October and November, but was not
significantly different (P > 0.05) from those of June and
July – September (Table 3).
Significantly the highest ADF value was obtained in
medium altitude (Table 5) where the grasses might have
matured rapidly and accumulated higher structural
carbohydrates such as cellulose and lignin as a
mechanism of adaptation to low moisture and infertile
soil.
Mean ADF content of grasses from the open area was
lower than those of the closed areas (Table 4). The
shortage of nutrients in the closed area might have led
grasses to mature rapidly, as a result of which the ADF
content increased. Similar results were reported where
ADF contents from 20% to over 45% in very mature
species of grasses (McDonald et al., 2002) and an
increasing trend in ADF content (from 22.4% to 42.9%)
was observed with advanced age (from 30 and 120 days,
respectively) of plants (Adane, 2003). It has been found
that, with increasing age of closure, the nutritional quality
of grasses decreased because of an increasing trend of
ADF content even if the grass samples were cut at the
same interval.
The average ADL content of grasses was 4.51 + 1.14%
DM ranging between 2.6% to 10.7%. Similar results were
reported by Barton (1997) where tropical grasses at 4

weeks cutting interval had an average ADL content of
4.9%.
The lowest ADL content was recorded in June (Table
3). Lack of significant difference in ADL at most of the
sampling times might be related to short cutting intervals
where grasses were cut young and there was less
lignification. It was indicated by Whiteman (1980), that
lignification of forages occurs almost constantly with
increasing stage of growth. It was also reported that
tropical grasses are characterized by low nutritive value
due to high lignin content and fewer degradable materials
in their cell wall caused by rapid rate of maturity (Minson,
1990). Increasing trends of ADL contents were also
recorded with advanced harvesting (McDonald et al.,
2002).
ADL content was significantly influenced (P < 0.01) by
sampling time and by the interaction between condition
of the area and altitude, and between sampling time and
altitude (Table 7). Differences in ADL content of the
grasses from the open and closed areas (Table 4) as well
as from different altitudes (Table 5) were not significant
(P > 0.05).
3.1.3. In-Vitro Dry Matter Digestibility
The overall IVDMD was 72.10 + 5.80% ranging between
49.45 and 82.8%. The mean IVDMD of tropical grasses
cut at 4-weeks interval was 57.8% (Barton, 1997), which
is much lower than the result obtained in this study.
The grasses from the open area had significantly higher
(P < 0.01) IVDMD than from the closed areas (Table 4).
The lowest (P < 0.05) IVDMD was recorded in forages
harvested from medium altitude than from low and high
altitudes (Table 5). This could be related to the lower
amounts of ADF and NDF in grasses from the low and
high altitudes and the vice versa in grasses from the
medium altitude. The higher mean IVDMD was
recorded in the open area because of lower ADF and ash
content.
The following reports indirectly agree with the results
of this experiment because they are related to variation in
fiber fractions of the forages. McDonald et al. (2002)
expressed that forage digestibility decreases rapidly with
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advancing maturity and low leaf to stem ratio. Hassan et
al. (1990) also showed that IVDMD decreased as the
cutting interval increased from 2 to 8 weeks in tropical
grasses and intermediate values were recorded at 4 to 6
weeks intervals.
3.2. Biomass Production of Legumes and Species
Other Than Grasses
In the current watershed, there is no promising amount
of legumes and other species other than grasses recorded.
Bunch type perennial grasses are dominant in the area. A
few species of forages other than grasses were observed
in the cages mainly during first cutting (May). The
percentage occurrence of legumes and species other than

East African Journal of Sciences Volume 4 (1) 1-10
grasses in all the 30 sampling sites over 7 months were
only 6.6% and 10%, respectively, with a combined DM,
CP and P contents of 14.4, 17.3 and 0.74%, respectively.
Even if the CP and P contents of the legume species
were high, their CP and P contribution to livestock in the
area was insignificant, because of their low proportions
and uneven distribution in the watershed.
The reduction or complete extinction of legumes and
species other than grasses after the first sampling period
might be due to low level of rainfall for optimum
regrowth, short cutting interval, poor condition of the
soil, and their weak level of competition with
permanently rooted bunch type grasses (Njunie et al.,
1993).

Table 7. Analysis of variance of the influence of sampling time, altitude, area closure; and their interaction on nutrient
content (mean squares).
Sampling time (ST)
Altitude (Alt)
Area closure (AC)
ST*ALT
ST*AC
Alt *AC
DMY (gm)
65263**
29198**
23492**
8325**
5542**
14215**
DM (%)
76**
118**
12
7
23**
48**
Ash (%)
10
4
31**
13
8
19*
CP (%)
23**
47**
136**
3
4
16**
ADF (%)
75**
58**
92**
6
11*
24**
NDF (%)
4
64
4
21
19
15
ADL (%)
3.55**
0.14
0.11
2.46**
0.95
5.59**
IVDMD (%)
64
63
71*
41
7
176**
Ca (%)
0.005
0.001
0.033**
0.024**
0.023**
0.078**
P (%)
0.13**
0.05**
0.46**
0.01**
0.03**
0.07**
* = Significant at P < 0.05, ** = Significant at P < 0.01; ADF = Acid detergent fiber; ADL = Acid detergent lignin; Ca =
Calcium; CP = Crude protein; DM = Dry matter; DMY = Dry matter yield; IVDMD = In-vitro dry matter digestibility; NDF =
Neutral detergent fiber; OM = Organic matter; and P = Phosphorus

4. Conclusions
The longer an area is closed, the smaller the DMY and
the lower the CP, P and IVDMD, and the higher ash and
ADF contents of re-growth. For feeding to livestock
forages should cut as frequently as possible when
nutrient contents are optimum. With advance in
sampling time from the rainy to the dry season,
percentages of DM, CP, ADF, ash, P and DMY
decreased. With increasing altitude DMY, NDF and P
contents increased, but DM content reduced.
Further study on identification of species composition
of forages in the closed and open areas; effects of legume
over-sowing on forage biomass productivity and species
composition of the natural pasture; and forage biomass
production study over several seasons and different
cutting ages are suggested.
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