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Encroachment of woody plants has negative effects on grass species and seriously challenging
livestock production and pastoral livelihood in semi-arid savanna. The effect of thinning and
season on grass species composition and biomasswas investigated in lowland grazing area for
three seasons. The study consisted of 15 plots (each 50m × 50m), thinned to differing
intensities. The plots were located next to each other on a homogeneous area of 3.8 ha. Five
thinning intensities (0, 25, 50, 75, and 100%)were allocated randomly to the plots and replicated
three times. The 0% plot was left unthinned referred to as the control plot. The remaining plots
were thinned to the equivalents of 25, 50, 75, and 100% of the tree density of that of the control
plot. A two-way analysis of variance andTukeyHonest SignificantDifferences testswere used to
compare responses of grass species. Ordination of variables was carried out by multivariate
technique using correspondence analysis to explore the similarity relationship of plots, seasons
and species. The differences in species composition and biomass in the control and the thinned
plots were significant (p < 0.05). Higher grass species composition and biomass were
documented in thinned plots than in the control plot. Species abundance in thinned plots
ranged from 11 to 12, while that of the 0%plot was six species. Grass biomass (Kg ha-1) varied
from 2,688.4 ± 736.8 to 5,035.8 ± 743.9 across thinned plots, whereas in the control plot the
yield was 885.8 ± 369.1. The result showed that grass species composition and biomass
increased with the increasing intensity of thinning. Grass values appeared to be optimum at the
heavy intensity of thinning woody plants. Seasons were also significant with the highest values
recorded in the rainy season. Rainfall played an important role by interacting with thinning and
influenced total grass values. Overall, thinning that combined improved soil moisture negatively
influenced woody cover and enhanced grass species composition and biomass production.
Thinning of bushes to the 75% of tree density would sustain the original savanna and maximize
forage production for grazers.
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INTRODUCTION

Savanna vegetation consists of diverse tree-grass mixtures with
continuous herbaceous cover and a discontinuous cover of woody
plants (Scholes and Archer, 1997). Over the past century,
however, there has been a shift toward increased density and
cover of woody plant species referred to as “woody plant
encroachment” worldwide (Sala and Maestre, 2014; Archer
et al., 2017). Encroachment of woody species is a type of
range degradation where an excessive and undesirable increase
in woody plant abundance results in the suppression of palatable
grasses by encroaching woody species and herbaceous forbs often
unpalatable to domestic livestock (Ward, 2005; Angassa and Oba,
2008). The encroaching woody plants can be non-native species
that were introduced or native species that have increased in
density within their historic geographic ranges (Van Auken, 2009;
Archer et al., 2017).

Woody encroachment is a global phenomenon reported in
many geographically different savanna ecosystems. It has been
discovered that grassland and savanna communities in North
America experience a decrease in plant species richness with an
increase in tree densities (Ratajczak et al., 2012). In Australia, the
encroachment of woody plant species tends to spread out over
extensive areas of semi-arid savanna as a result of the European
settlement (Noble, 1997). The expansion and encroachment of
woody plants have been a challenging problem in Africa since the
mid-1900 (Moleele et al., 2002). About 7.5 million km2 in sub-
Saharan Africa has been under woody plant cover over the past
3 decades (Venter et al., 2018). In the savanna of the study area,
the spread of woody plant species was noticed after the 1960s and
83% of the communal grazing lands are threatened by a
combination of thorny woody species and unpalatable forbs
(Angassa, 2007). Fifteen encroacher woody species were
identified throughout the southern Ethiopian savanna
(Coppock, 1994) where Acacia drepanolobium (Wiersema,
2019) is among the major encroaching woody species. It has
been stated that a woody cover of 40% which is approximately
equal to a density of 2,400 plants per hectare (ha−1) is considered
to be at equilibrium between encroached and non-encroached
(Roques et al., 2001).

The robust generalization of the causes of woody plant
encroachment has been challenging worldwide (Eldridge et al.,
2011). Several factors such as fire and grazing regimes, climate
change and concentrations of atmospheric CO2 are widely
reported to promote increases in woody density and cover
(Sankaran et al., 2005; Angassa and Oba, 2008; D’Odorico
et al., 2010).

Livestock forage productivity in savannas is, largely attributed
to rainfall which determines the amount of water and soil
moisture available for plant growth (Sankaran et al., 2004;
Lehmann et al., 2011). However, the temporal or seasonal
variation of rainfall in savanna is high and increases with
aridity with many areas experiencing regular droughts which

can be a primary cause of low forage production (Ellis and Swift,
1988; Angassa and Oba, 2007).

Woody plant encroachment is threatening the productivity of
the world’s savanna grasslands with a negative effect on ecology
and the economic status of more than two billion people
worldwide (Eldridge et al., 2011; Buitenwerf et al., 2012)
owing to the loss of ecosystem goods and services (Van
Auken, 2009). Dense woody plants have negative effects on
herbaceous species due to competition for available soil water,
nutrients, and decreased light intensity for under canopy species
(Kahi et al., 2009; Teshome et al., 2012; Ward et al., 2013). Such
suppression of grasses by woody species leads to a decline in
grazing capacity in grazed savannas (Kellner, 2008; Kangalawe
2009).

Savanna grassland is the main feed source for the livestock in
southern Ethiopia but has lately been under threat from woody
encroachment which is seriously challenging livestock
production and pastoral livelihood. Bush clearing was
considered as a solution to improve livestock forage supply,
especially for grass-dependent cattle (Angassa, 2002). However,
bush clearing efforts did not have a positive impact on rangeland
conditions except temporary forage improvement for cattle
(Smit, 2004; Gemedo et al., 2006; Angassa and Oba, 2009).
The assumption is that the establishment of a woody plant is
normally a continuous process in savanna and so control cannot
be achieved with single cutting operations.

Maintenance of a desirable combination of grass and woody
plants might be a sound and practical approach to sustainable
vegetation management in savannas. Thinning of trees to some
predetermined density, after which post-thinning management
will be needed to implement desired composition rather than
eliminating woody plants. Through selective thinning, the
development of structured savanna with large trees is
encouraged, and these large trees can suppress the
establishment of new seedlings which is particularly noticeable
with Acacia species (Smit et al., 1999; Smit, 2014). Tree thinning
employing mechanical method results in immediate changes in
composition between woody and herbaceous plants. And it will
normally result in an increase in grass production and thus also
the grazing capacity (Smit, 2005). In general, the productivity
levels of savannas are on a broad scale related to the relative
proportion of trees to grasses (Smit, 2004; Solomon and
Mblambo, 2010). Understanding the effects of thinning and
seasonality on grass species is important for the management
of savanna ecosystems.

So far, the effect of thinning intensity and seasonality on grass
species has not yet been investigated in the area. Therefore; the
objectives of this study were: 1) to examine the effect of thinning
intensity on grass species composition and biomass production,
2) to evaluate the effect of season on grass values of the selectively
thinned savanna, and 3) to establish relations between thinning
intensity, season and total grass values (i.e., species abundance
and biomass). The following hypothesis was tested:
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Ho: Woody tree thinning and seasonality does not affect grass
species composition and biomass production.

MATERIALS AND METHODS

Study Area
The study was undertaken in the Borana lowland of southern
Ethiopia. The Borana savanna lies approximately between 4o 36′
to 6o 38′ N latitude and 36o 43′ to 42o 30′ E longitude, and the
landscape is characterized by slightly undulating peaks up to
2000 m above sea level (m.a.s.l) in some areas (Coppock, 1994).
The weather is characterized by erratic and variable rainfall with
most areas receiving between 238 and 896 mm (mm) annually
(Angassa and Oba, 2007). The rainfall pattern is distinctly
bimodal, 59% of annual precipitation occurs from March to
May, while 27% occurs from September to November
(Coppock, 1994). The region is dominated by savannah type
of vegetation containing a mixture of perennial grasses and
woody plants (Desta and Coppock, 2004). The typical African
savanna vegetation consists of a diverse range of tree-grass
mixtures, different species of perennial grasses and sedges,
trees, woody plants and shrubs with the grass cover relatively
continuous and woody cover discontinuous (Scholes and Archer,
1997; Archer et al., 2017). The dominant vegetation-type of the
study site is acacia grassland and consists mostly of perennial
grasses and sparsely distributed woody plants. The grass cover is
dominated by Cenchrus ciliaris and Chrysopogon aucheri, while
the woody cover consists mainly of Acacia drepanolobium trees
on black cotton soil sites (Coppock, 1994). However, a shift from
the open savanna grassland to closed woodland has taken place in
the area. Encroachment of woody plants is the major form of
rangeland characterized by invasion of undesirable woody
species, shrubs and unpalatable forbs, and losses of grasses
(Oba, 1998; Angassa, 2007).

The main agricultural system in the Borana rangelands is
livestock production and the main economic value is provision of
grazing for livestock. Communal grazing is the main land use
system in the area (Helland, 1997). The Borana savanna had good
ecological potential for livestock production and was considered
until the early 1980s as one of the few remaining productive
pastoral systems in East Africa (Cossins and Upton, 1987). The
Borana pastoralists traditionally practiced strategic grazing
management to avoid local overstocking around the scarce dry
season water sources. They used different grazing areas in the dry
and wet seasons; lactating cows with their calves were herded
separately from dry cows, bulls and young stock (Coppock, 1994).
This management regime in combination with episodic climatic
events and the planned use of fire maintained a relatively stable
tree-grass balance (Angassa, 2002). However, in the last few
decades, increasing grazing pressure and the development of
water ponds has resulted in more sedentary settlements and
enhanced crop cultivation which minimized grazing land.
Overgrazing, changes in land use and suppression of fire have
resulted in the proliferation of bush encroachment and a general
decline in forage production (Oba and Kaitira, 2006; Angassa and
Oba, 2007).

In African savannas, fires are ecological process that impact on
the savannas ecosystem processes and also influence functions
and service delivery of savannas (Ansley and Castellano, 2006;
Angassa and Oba, 2008). Fire suppresses woody plants growth by
killing and reducing their density (Angassa and Oba, 2008).
Frequent fires reduce woody cover and maintain woody
vegetation in a juvenile state by “top-killing” seedlings and
saplings, retarding transition to adulthood in tree species
which can re-sprout from rootstocks after damage of
aboveground structures (Connor, 1995; Kaiser, 1999; Sankaran
et al., 2008). If implemented properly, and used in conjunction
with other appropriate range management practices, prescribed
fire can be used to reduce bush encroachment and increase the
forage production and quality for grazing animals (Oba, 1998;
Sankaran et al., 2008; Joubert et al., 2012; O’Connor et al., 2014).
In fact, fire can produce physical, chemical and biological
alterations in soil properties. The changes to the soil produced
by controlled fire are in most cases only transient (Úbeda and
Outeiro, 2009). A study report from the semi-arid savanna also
indicated that fire cannot effectively be used as a management
technique for bush thinning due to a lack of enough herbaceous
material caused by increased grazing pressure and bush
encroachment (Joubert et al., 2012).

In the study site, the pastoral community periodically
undertook range burning in the dry season before the site was
transformed to closed woodland (Angassa and Oba, 2009).
According to the opinion of the community members, because
of the lack of enough herbaceous material, fire cannot be used as it
was in the past. The encroachment of woody plants particularly
acacia species, resulted in severe degradation of the area and
critical feed shortage particularly during dry periods, threatening
the livelihoods of the local community.

Test Procedure
Site Selection and Description
Prior to site selection, discussion was held at the district level to
create awareness on the purpose of the study and also to identify
the representative site for this purpose. Selection criteria was
developed and included: 1) areas representative of bush
encroachment with the most widely distributed species; 2)
sites characterized by a dense stand of woody plants with poor
grass cover; 3) representative rangeland-livestock based pastoral
production systems of Borana pastoralists’ land use type, and 4)
easily accessible. Based on the above criteria, representative major
grazing areas encroached by different woody plant species were
assessed through participatory reconnaissance survey by a team
comprising community members, elders (7) who have enough
knowledge about the history of rangeland vegetation, experts
from pastoral offices (3) and the researcher. Accordingly, the
Dida Yabalo communal grazing site with abundant mature trees
of A. drepanolobium was selected as the study site and the
coordinates were taken (i.e., 04o 129 0.6799 N and 05o 47′
8.7699 E, 04o 12′ 4.0799 N and 05o 47′ 8.0299 E, 04o 12′ 4.1299
N and 05o 47′ 9.0199 E, 04o 11′ 2.7399 N and 05o 47′ 9.1299 E, 04o
12′ 0.7699 N and 05o 47′ 9.2299 E.). The altitude of the
experimental site is 1,518 m.a.s.l. with a valley-plain type of
landscape.
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Design and Layout
The study site consisted of 15 plots (each 50 m × 50 m), thinned
to differing intensities. The plots were located next to each other
on a homogeneous area of 3.8 ha. Five thinning intensities (i.e., 0,
25, 50, 75, and 100%) were allocated randomly to the plots and
replicated three times. Thinning intensities hereafter called
treatments and categorized as un-thinned (0%), light thinning
(25%), moderate thinning (50%), heavy thinning (75%), and total
clearing (100%). Trees were randomly marked for removal during
the thinning process. The 0% plot was left unthinned referred to
as the control plot, representing the current bush invaded range
sites against which the other treatments could be evaluated. The
remaining plots were thinned to the equivalents of 25, 50, 75, and
100% (total clearing) of the tree density of that of the 0% plot
(Smit, 2005). This ensured a fairly even spread of the remaining
trees without favoring a particular tree size. The resultant thinned
plots resembled the structure of naturally occurring open stands
of woody plants in savanna. During thinning, trees were sawn off
at ground level and removed from the plot. The cut stumps were
treated with fire using dry cattle dung as a fuel load, thus ensuring
that the sawn trees were killed without affecting the remaining
plants. Thinning was completed in February during the dry
season of 2017. Borders of 10 m and 1 m distance between
treatment plots were left to minimize edge effects. The study
site was fenced using removed stems to exclude disturbances. The
response of the grass species was studied during the two growing
and one dry seasons following tree thinning.

Vegetation Survey and Treatment Application
The number of A. drepanolobium trees in the experimental
plot was counted during the pretreatment and post-treatment
periods. Woody densities were calculated as the number of
trees per plot (2,500 m2) and averaged to obtain the mean
density per plot. The value obtained was then multiplied by
10,000/2,500 to derive the density ha−1. To determine the total
area of coverage by individual woody canopies, we measured
the canopy diameter (d) of 12 randomly selected trees within
each treatment plot by spreading measuring tape either
beneath or above the canopy as appropriate. The canopy
diameter then gave a canopy radius (r) measurement (r �
½ d). The A. drepanolobium trees have a round canopy (Okello
et al., 2001) and we modeled the shape covered by the canopy
as circular and calculated the area covered by each canopy as
Area � πr2. The total area covered by all tree canopies within
the plots is defined as the ratio of 1-ha area covered by woody
canopies (Innocent and Munyati, 2014).

Rainfall
Rainfall data was taken from the nearby meteorological station
installed by the Meteorological Service Agency of Ethiopia. Also,
the soil moisture content was determined by taking 200 g of soil
in the five treatment plots to a depth of 200 mm approximately
close to the root zone of herbaceous species (Ward et al., 2013)
using auger after a rainfall event in April, August, and October,
and moist weight was taken immediately. Two samples were
prepared per plot and oven-dried for 24 h at 105°C and weighed
to determine the moisture content of the soil by subtracting the

oven-dry weight from the moist weight (Dirksen, 1999). Moisture
content is expressed as a percentage of the oven-dry weight of
the soil.

Sampling of Grass Species
Grass biomass was measured by mowing fresh biomass using
sickle in quadrates (0.5 m × 0.5 m). Each grass species in a 0.25 m2

area was identified and recorded in the field with the help of
herdsmen and technical experts. The name of the species was
cross-checked with Gemedo et al. (2005). A total of 60 quadrates
per plot were sampled by randomly placing in each of the
thinning plot (Smit, 2005). Individual grass species were
counted in each quadrat to determine species abundance. The
frequency of grass species was calculated as the number of
quadrates in which the species occurred over a total number
of quadrates per plot times 100 representing each thinning plot. It
is expressed in terms of percentage. Grass species were
categorized into different desirability classes namely: highly
desirable, desirable, and less desirable as preferred by grazers
(cattle and sheep) based on local ecological knowledge of
herdsmen derived from focus group discussion. The group was
organized at the grazing area level and composed of range scouts/
herdsmen (5) and technical expert (1) all having better experience
and knowledge about forage grasses. All grass samples were
clipped per species at ground level and then placed in a plastic
bag separately for dry matter (DM) analysis. Samples were oven-
dried at 100°C for 24 h and then weighed (ILCA, 1990; Rau et al.,
2009). Sampling was carried out for three seasons (two rainy and
one dry season) hereafter called Season 1 (March–May), Season 2
(June–August), and Season 3 (September–November) of the
study period. Control grazing was applied following sampling
of fresh grass biomass using cattle at light stocking rate (Smit
et al., 1999; Smit, 2005) to minimize carryover of standing dry
biomass to the coming season. In order to achieve intended
impact on standing dry hay, 20 heads of cattle ha−1 were herded in
the plots at the end of the sample season for 7 days after the grass
was fully dry and enriched the soil seed bank. This stocking rate
was not based on objective assessment of the available forage, but
was intended to impact the standing dry biomass moderately
which might complicate the fresh growth and sampling in the
coming season if left undisturbed.

Analysis
A two-way ANOVA and Tukey (HSD) tests were used to test for
differences in species composition and biomass for all plots and
seasons. This was done to verify any effect of thinning and season,
and their interaction on the grass layer in the area. The treatment
plots, seasons, and species recorded in each of the five plots and
three seasons were ordinated using correspondence analysis
(Greenacre, 2007). The CA analysis determines similarity
relationships among plots, seasons, and species by mapping
the grass data in two-dimensional space in which ecologically
similar plots, seasons, and species are located near each other and
dissimilar plots, seasons and species far apart. Natural groups of
species, if present, appear as clusters and distinct groups as a
cluster of species separated by gaps (Abule et al., 2005). All
computations were performed in R statistical packages
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(R Development Core Team, 2018), making use of the ca package
for CA developed by Nenadi and Greenacre (2007). Regression
analysis was performed to examine the relationships between
thinning intensity and grass values (i.e., species abundance and
biomass). Significant differences were considered at p < 0.05.

RESULTS

Tree Density and Cover
Table 1 provides calculated densities ha−1 of trees within the
different plots. The pre-treatment density of A. drepanolobium
trees in the individual treatment plots was more or less similar
(2,677.8 ± 25.80 ha−1). However, the post-treatment densities
differed significantly (p < 0.05) with the lower densities recorded
in the thinned plots (25, 50, 75, and 100%) compared to the
control plot. The total area covered by woody canopies in the
various plots is computed from the respective mean canopy area
of trees. The result showed that a higher (p < 0.05) woody canopy
cover was recorded in the un-thinned plot which had higher tree
density than the other four thinned plots. In thinned plots, the
canopy area decreased over the gradient of increasing intensity of
thinning, up to the point of no representation in the total cleared
(100%) plot.

Rainfall and Soil Moisture
According to the rainfall data collected in 2018, total monthly
rainfall ranged from 0.0 mm (millimeter) in January to 379.1 mm

in April (Figure 1). The total monthly rainfall was significant (p <
0.05) with the peaks in April and October which demonstrates the
bimodal type of rainfall of the study site. The amounts of seasonal
rains also varied significantly (p < 0.05) with the higher rain
recorded in season 1 followed by season 3. The total seasonal
rainfalls were 642.1, 8.6, and 257.3 mm in seasons 1, 2, and 3,
respectively. The total annual rainfall of the study year was
960.3 mm including 52.3 mm received during the dry months
of December, November, and January 2018.

Table 2 provides the seasonal soil moisture contents of the
various treatment plots in the experimental site. The result
showed insignificant (p > 0.05) difference among the five
treatment plots. Over the seasons, the average soil moisture
contents were 21.7, 22.3, 22.1, 22.1, and 21.8% in the 0, 25,
50, 75, and 100% plots, respectively. There was a significant (p <
0.05) difference among seasons in terms of soil moisture contents
with the highest moisture level recorded during the main rainy

TABLE 1 | The pre and post-treatment densities (ha−1), mean canopy area and cover of woody plants in the various thinning plots in the savanna of southern Ethiopia.

Treatment plot
(%)

Pre-treatment Removed Post-treatment Mean canopy
area (m2)

Canopy cover
% (ha−1)

0 2,704 0 2,704 2.8 ± 0.62 75.7
25 2,667 676 1991 3.1 ± 0.21 61.7
50 2,629 1,352 1,277 3.2 ± 0.30 40.9
75 2,673 2028 645 3.4 ± 0.13 21.9
100 2,716 2,716 0 0 ± 0.00 0

FIGURE 1 | Total monthly rainfall of the study site in Borana area of Southern Ethiopia. A 5% significant level was used to analyze the means (n � 12).

TABLE 2 | Soil moisture contents (%) within the various thinning plots and season
in the savanna of southern Ethiopia.

Treatment plot (%) Season 1 Season 2 Season 3

0 34.3 4.6 26.2
25 35.1 4.9 26.8
50 34.7 5.1 26.5
75 34.5 4.8 27.0
100 34.4 5.0 26.0
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season (season 1). The average soil moisture levels were 34.6% in
season 1, 4.9% in season 2, and 26.5% in season 3.

Effect of Thinning
Grass Species Composition
A total of 15 grass species were recorded in the five treatment
plots sampled for three seasons (Supplementary Appendix
Table A1). Out of the 15 identified types of grass, 4 (%) and
11 (%) species were annuals and perennials, respectively. Of these
species recorded 53.3, 26.7, and 20.0% were highly desirable,
desirable, and less desirable grasses, respectively.

Derived from Supplementary Appendix A, Table 1, the
proportion of the individual classes of grass species differed
significantly (p < 0.05) among the five treatment plots. The
percentage composition of the highly desirable species
included 62.5% (five species) and 100% (eight species) in the 0
and 50% plots, respectively while the value in the 25, 75, and
100% plots was 87.5% (seven species). Thinned plots had the
larger proportion of highly desirable class of grasses where the
greater value was recorded in the 50% plot. There was no
significant (p > 0.05) difference among the 25, 75, and 100%
plots evidencing the decline of this particular class of species after
the moderate (i.e., 50%) thinning of woody plants. Similarly, the
composition of desirable class of grasses was significant (p < 0.05)
among the five plots. Their abundance was higher in thinned
plots than in the control (0%) with the higher value obtained in
the 50, 75, and 100% plots. Of the desirable class of grass
recorded, 25% (one species) and 50% (two species) were
encountered in the 0 and 25% plots, respectively although the
percentage composition recorded for the other three plots (50, 75,
and 100%) was 75% (three species) which were indifferent to each
other. Likewise, there was a significant difference (p < 0.05)
among the five plots in terms of the proportion of the less
desirable class of species. Higher proportion of the less
desirable grasses was observed in the four thinned plots
compared to the unthinned one. However, significant
difference was not obtained among the 25, 75, and 100%
plots. The composition in the above mentioned three plots
was 66.7% (two species), and 33.3% (one species) of this
particular class was observed in the 50% plot. The less
desirable class of species was almost absent in composition in
the control plot. According to the current study, thinned plots
had the larger proportion of highly desirable, desirable and less
desirable classes of grass species than the unthinned plot
indicating that thinning increased the composition of different
classes of grasses in the study savanna. On comparing the
individual classes, the highly desirable class had the largest
(p < 0.05) proportion throughout the gradient showing an
increasing trend with the highest value obtained in the 50%
plot area. The highly desirable species dominated (84.9%) the
bulk of the desirability classes of grasses followed by the desirable
class of species (60%). According to pastoralists’ assessments, the
existence of highly desirable and desirable grasses indicates good
rangeland quality, while the existence of less desirable species
indicates poor rangeland quality.

The composition of grass species differs along the thinning
gradients. The thinned plots had proportionally more (p < 0.05)

individuals of grasses with the highest value recorded in the 50,
75,, and 100% plots which did not differ from each other.
Percentage species composition was lower in the control than
in the other four thinned plots. The coverage of species
composition was 40% (six species) in the control, 73.3% (11
species) in the 25%, and 80% (12 species) in each of the 50, 75,,
and 100% plots.

The rate of occurrence of grass species (Supplementary
Appendix Table A1) was dissimilar across the various plots as
indicated by ordination analysis (Figure 2). The highly desirable
species such asC. ciliaris, Digitariamilanjiana and Eragrostis papposa
were most frequent in the 25% plot, while C. aucheri occurred
abundantly in the 50% plot. Similarly, Bothriochloa insculpta,
Chloris roxburghiana, Cynodon dactylon, Sporobolus pellucidus,
and Themeda triandra were most frequent in the 75% plot.
Setaria verticillata, the desirable annual grass, and the less
desirable grasses including Eleusine Jaegeri and Pennisetum
mezianum were the most abundant species in the 100% plot. The
abundance of Aristida adscensionis revealed high in the 100% plot,
whereas that ofDactyloctenium specieswas in the 0%plot. The greater
frequency of Panicum maximum (the highly desirable perennial
grass) was evident in the dense (0%) plot than in the thinned plots.

Correspondence analysis based on species frequency separated
the species into recognizable patterns representing the five
thinning intensities although there was some overlap
(Figure 2). The two CA dimensions, cumulatively explained
87.9% of the total variance in species abundance along the
gradient owing to differences among grass species preference
to thinning intensity.

Biomass
The average (± SE) total grass biomass (kg DMY ha−1) was
885.8 ± 369.1, 2,688.4 ± 736.8, 3,733.2 ± 791.5, 4,163.4 ± 811.3,
and 5,035.8 ± 743.9 in the 0, 25, 50, 75, and 100% plots,
respectively. The result showed that there was a highly
significant (p < 0.001) difference in grass biomass among the
five gradients. Mean comparison test also showed significant
(p < 0.05) difference (Figure 3). The grass biomass was
generally low in the un-thinned plot (0%), while in the
thinned plots the biomass were substantially higher, with the
yield where trees have been totally removed (100% plot) being the
highest. Total grass biomass showed an increasing trend over the
gradient possibly due to reduced competition from A.
drepanolobium trees.

The biomass of the individual grass species within the five
treatment plots is provided in Table 3. The productivity of the
most dominant key forage species was significant (p < 0.001)
within the various plots. Higher biomass was recorded by C.
aucheri across the thinning gradient followed by C. ciliaris,
however both with a declining trend after the moderate (50%)
thinning intensity. The other desirable grasses such as A.
adscensionis, B. insculpta, C. roxburghiana, and D. milanjiana
also showed similar trend with a better performance in the total
cleared (100%) plot. The trend of others was not apparent due to
low and fluctuating yields. Overall, C. aucheri (960.60 ±
50.30 kg ha−1) and C. ciliaris (786.81 ± 49.04 kg ha−1) were the
most yielding perennial grasses in this order.
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Effect of Season
Species Composition
Seasonal composition of the individual grass species and different
desirability classes is provided in Supplementary Appendix
Table A2. Percentage composition of grass species differed
significantly (p < 0.05) across seasons. The results showed the
highest total species composition in season 3 (93.3% or 14
species) followed by season 1 (80% or 12 species) indicates
that moisture played an essential role and initiated the
establishment of grass species. Lowest species composition
(33.3% or five species) was recorded in season 2 which
received only a shower of rainfall.

The composition of the different classes of grass was
significant (p < 0.05) across the three seasons. Higher
percentage composition of the highly desirable grass (100% or
eight species) was observed in season 1 followed by the desirable

(75% or three species) class, while the lowest value was recorded
for the less desirable (33.3% or one species) class of species.
Similarly, in season 2 percent composition of the highly desirable
class (50% or four species) was higher than those for the desirable
(almost absent) and less desirable (33.3% or one species) classes of
species. Also in season 3, the composition of the highly desirable
class is higher than the desirable class but had comparable value
with the less desirable one. Significant difference was not obtained
between season 1 and 3 in the percentage composition of the
highly desirable class of grass species. Likewise, there was no
significant (p > 0.05) difference between season 1 and 3 in terms
of percentage composition of the desirable class of grasses.

Overall, season 1 and 3 (i.e., the two rainy seasons) were
comparable and greatly increased the composition of the highly
desirable class of grass species in relation to season 2 (the dry
season). The results indicate that effective rainfall greatly

FIGURE 2 | CA ordination of grass species abundance by thinning plots in Borana rangelands of Ethiopia. “Dimension 1” represents ‘Columns,’ “Dimension 2”
represent ‘Rows.’ Red diamond denotes plots: (A) = 0%, (B) � 25%, (C) � 50%, (D) � 75%, and (E) = 100%. Blue dot specifies species. Species abbreviations are: ARAD,
Aristida adscensionis; BOIN, Bothriochloa insculpta; CECI, Cenchrus ciliaris; CHRO, Chloris roxburghiana; CHAU, Chrysopogon aucheri; CYDA, Cynodon dactylon;
DASP, Dactyloctenium species; DIMI, Digitaria milanjiana; ELJA, Eleusine jaegeri; ERPA, Eragrostis papposa; PAMA, Panicum maximum; EME, Pennisetum
mezianum; SEVE, Setaria verticillata; SPPE, Sporobolus pellucidus, and THTR, Themeda triandra.

FIGURE 3 | The effect of thinning on grass biomass in the communal grazing lands of southern Ethiopia.% � thinning plot. Significance differences between plots
are indicated by different letters. Vertical bars mean a 0.95 confidence interval.
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enhanced the composition of the highly desirable class of species.
Next to the highly desirable class, the composition of the desirable
and less desirable classes was also increased in the main and small
rainy seasons than in the dry season. Dry period has negative
effect on the abundance of different desirability classes of grass.

The frequency of the individual grass species was dissimilar
among the three seasons (Figure 4; Supplementary Appendix
Table A2). C. ciliaris, C. aucheri, and D. milanjiana were
abundantly distributed across season 1, 2 and 3. Also, A.
adscensionis showed stability in the dry season (season 2)
following its establishment during the first rainy season. Some
of the grass species such as E. papposa, P. maximum and S.
pelluciduswere abundant in season 1. Similarly, C. dactylon and S.
verticillata were commonly frequent in season 1 and season 3,
while others like B. insculpta, C. roxburghiana, E. jaegeri, P.

mezianum, T. triandra and Dactyloctenium species were
abundantly found in season 3. The CA dimension 1 explained
the most variance among seasons with 78.3%, followed by
dimension 2 with 21.7%. Cumulatively, dimensions 1 and 2
indicated 100% of the total variance in species composition
and abundance owing to differences among grass species in
response to seasonal soil moisture.

Biomass
Supplementary Appendix Tables B1–B3 provide the seasonal
biomass of grass species within the different treatment plots. The
seasonal grass biomass of the thinned plots differed significantly
(p < 0.05) largely following rainfall patterns (Figure 5). Highest
grass biomass in the treatment plots was achieved during season 1
which received higher amount of rainfall compared to the other

TABLE 3 | Mean (± SE) biomass productivity (Kg. ha−1) of the individual grass species along the thinning gradient in the savanna of southern Ethiopia.

List of
grass species

0% 25% 50% 75% 100%

Aristida adscensionis 0.00 ± 0.00 317.84 ± 17.93 550.21 ± 38.40 585.00 ± 38.70 932.10 ± 46.73
Bothriochloa insculpta 0.00 ± 0.00 160.00 ± 11.36 254.39 ± 21.51 367.20 ± 25.72 455.82 ± 29.19
Cenchrus ciliaris 259.75 ± 15.49 698.13 ± 40.57 992.83 ± 64.22 990.41 ± 61.24 993.00 ± 63.68
Chloris roxburghiana 0.00 ± 0.00 22.16 ± 2.20 28.14 ± 2.15 111.53 ± 6.38 170.53 ± 10.43
Chrysopogon aucheri 296.43 ± 17.39 1,023.91 ± 47.17 1,129.65 ± 60.35 1,153.62 ± 61.34 1,199.52 ± 65.28
Cynodon dactylon 0.00 ± 0.00 0.00 ± 0.00 18.10 ± 2.33 172.30 ± 11.36 157.44 ± 9.89
Dactyloctenium species 0.00 ± 0.00 43.85 ± 3.51 14.51 ± 0.94 0.00 ± 0.00 9.20 ± 1.32
Digitaria milanjiana 103.20 ± 6.90 275.66 ± 14.83 409.93 ± 22.78 408.97 ± 22.48 509.00 ± 27.82
Eleusine jaegeri 0.00 ± 0.00 0.00 ± 0.00 26.10 ± 2.82 0.00 ± 0.00 23.13 ± 2.07
Eragrostis papposa 190.14 ± 11.87 85.33 ± 6.11 130.04 ± 9.54 221.84 ± 16.63 250.00 ± 18.94
Panicum maximum 36.48 ± 2.18 18.24 ± 1.50 7.22 ± 0.72 23.80 ± 2.31 0.00 ± 0.00
Pennisetum mezianum 0.00 ± 0.00 3.18 ± 0.63 0.00 ± 0.00 0.00 ± 0.00 33.73 ± 3.37
Setaria verticillata 0.00 ± 0.00 40.67 ± 3.12 172.54 ± 12.19 107.81 ± 7.46 302.64 ± 19.33
Sporobolus pellucidus 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 18.90 ± 1.97 0.00 ± 0.00
Themeda triandra 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 2.33 ± 0.95 0.00 ± 0.00

NB: % � treatment plot.

FIGURE 4 |CA ordination of grass species abundance by season in the woody thinned Borana rangelands of Southern Ethiopia. “Dimension 1” and “Dimension 2”
represents ‘Columns’ and ‘Rows,’ respectively. Red diamond represents season. S1, season 1; S2, season 2, and S3, season 3. Blue dot means species. Species
codes are: ARAD, Aristida adscensionis; BOIN, Bothriochloa insculpta; CECI = Cenchrus ciliaris; CHRO, Chloris roxburghiana; CHAU, Chrysopogon aucheri; CYDA,
Cynodon dactylon; DASP,Dactyloctenium species; DIMI,Digitaria milanjiana; ELJA, Eleusine jaegeri; ERPA, Eragrostis papposa; PAMA, Panicummaximum; EME,
Pennisetum mezianum; SEVE, Setaria verticillata; SPPE, Sporobolus pellucidus, and THTR, Themeda triandra.
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two seasons. In season 1 the total grass biomass increased
following the thinning gradient where the highest value was
recorded in the totally cleared (100%) plot. There was a
significant difference (p < 0.05) in grass biomass among the
different plots during season 3 of the study year. Thinned plots
had higher grass biomass than the unthinned plot. The grass
biomass was comparable and highest in the 75 and 100% plots.
However, the difference between the 25 and 50% plots was
insignificant (p > 0.05) during this period. In contrast,
significant difference was not seen in terms of kg ha−1 of grass
biomass among the different treatment plots during season 2
which received lowest amount of rainfall. On the other end,
higher (p < 0.05) biomass was recorded in the 100% plot in season
1; however this condition was changed to an insignificant (p <
0.05) difference during season 3 between the total cleared (100%)
and heavily thinned (75%) plot. The high biomass where trees
were removed may be only temporary probably due to the
declined positive tree-grass interaction which is more
disadvantageous for grasses. The biomass of the control (0%)
plot was similar in season 1 and season 3 both received normal
amount of rainfalls displaying that, soil moisture had little effect
on grass biomass in high tree density grazing lands possibly
attributed to increased competition by encroaching woody plants.

According to the current study, the mean (± SE) seasonal grass
biomass of the selectively thinned range site (kg DMY ha−1) was
1970 ± 519, 86.2 ± 18.3, and 1,245.3 ± 359.7 in season 1, 2, and 3,
respectively with the total annual biomass of 3,301.5 ±
897 kg. ha−1 (3.3 ± 0.9 ton ha−1). The results showed highly
significant (p < 0.05) difference (Figure 6) across seasons with
varying amounts of rainfalls. The grass biomass was higher
during the first main season (season 1) indicating that
increased rainfall which in turn enhanced soil moisture status
played a significant role in improving grass biomass production
in the woody thinned savanna rangelands.

Interactive Effect
The study showed that there was an interaction (p < 0.001)
between thinning intensity and season on grass biomass (p <
0.05) indicating the variability of biomass production among
different thinning plots across seasons of varying amounts of
rainfall.

Relationship Between Thinning Intensity
and Grass Values
Thinning intensities and grass variables were incorporated in
assessing their relationship. There was a significant (p < 0.05)
linear relationship among thinning intensity, species
composition, and biomass (Table 4) which indicates that
species abundance increase with increasing intensity of
thinning which in turn increased grass biomass. Interestingly,

FIGURE 5 | The combined effects of season and thinning on grass biomass in the savanna of southern Ethiopia.% � treatment plot. #1 � Season 1, #2 � Season 2,
and #3 � Season 3. Significant differences between plots based on Tukey HSD pairwise tests are indicated by different letters. Vertical bars denote a 0.95 confidence
interval.

FIGURE 6 | Comparison of seasonal grass biomass production of the
selectively thinned savanna of southern Ethiopia. Season code: #1 � Season
1; #2 � Season 2, and #3 � Season 3. The presence of significant difference
among seasons is indicated by different letters. Vertical bars mean a
0.95 confidence interval.
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grass biomass appeared to be ideal at between the moderate and
(50%) and heavy (75%) thinning gradients possibly attributed to
the prominent abundances of the highly desirable grasses such as
C. aucheri and C. ciliaris in these two gradients. Despite the
higher biomass achieved at the 100% plot, the total species
abundance in the 50, 75, and 100% plots was similar and
stable across seasons. Besides, a decline in biomass that was
observed in the 100% plot during the third season further
validated that optimum grass values could be achieved at the
75% of thinning woody plants. In this gradient (i.e., 75%)
maximum species abundance was 12 (ha−1), whereas peak
biomass was 4,163.4 ± 811.3 kg ha−1.

Relationship Between Season and Grass
Values
Total grass species composition was highly significantly (p <
0.001) positively correlated with rainy seasons (main and small
rainy seasons) but negatively associated with the dry season
(Table 5). Similarly, the biomass of grass species was
positively correlated with rainy seasons, while it was negatively
related to dry season. The finding showed that, total grass values
particularly the biomass increases with the increase in the amount
of rainfall which in turn increase the availability of soil moisture
for grass growth following thinning of woody plants.

DISCUSSION

The Effect of Thinning on Species
Composition and Biomass
The negative effect of densely populated A. drepanolobium trees
was evident in the 0% plot which had more (60%) rare species
indicating that this limited abundance of desirable forage grasses
in the dense plot may be one indicator of the deteriorating
condition of savanna rangelands. Liao and Fei (2017)
discussed shifts in grass species composition toward woody
plant encroachment in the savannas of Southern Ethiopia with

a general decline in desirable forage species. The consequence of
such a shift in species composition might result in a high risk of
livestock feed shortage.

Grass species composition will have an effect on animal grazing
behavior, abundance and distribution of the species in savanna
rangelands. Species composition determines forage production of
rangelands which is important to livestock production system
(Smit et al., 1999; Smit, 2005). The results of this study showed
that thinning increased grass species composition. The observed
increase in species composition mainly ascribed to reduced woody
density and cover whereby sunlight interceptions were improved
for grasses. The establishment of grass species was initiated by the
reduced competition from A. drepanolobium following thinning.
Similar findings (Burton, 2000; Ludwig et al., 2004; Sang-Hyun
et al., 2018) have been reported globally that thinning reduces
canopy cover and increases the utilization of sunlight use by
remaining understory plants. Because woody species removed
by mechanical thinning are typically sparsely distributed
throughout the system, thinning may increase understory light
variability by creating light patches in areas where the trees are
thinned, while leaving light levels relatively unaffected at un-
thinned sites (Chiang et al., 2012). Sun-light is particularly
important for photosynthetic plants as it is the main source of
energy to carry on the physiological functions working and,
consequently has an enormous influence on plant development
(Thomas, 2006).

Forage production of rangelands is important to pastoral
livestock systems and animal production is in most cases
directly related to the productivity, perenniality, desirability
and acceptability of the plants to the animals (Oba et al., 2000;
Smit, 2005). According to the study results, thinning enhanced
the composition/abundance of the highly desirable and desirable
classes of the perennial grass species. The treated rangeland site at
the end of the study in general, resembled the original savanna
covered mostly by highly desirable class of grasses that dominated
the bulk (56.9%) of the desirability classes of grass species.
According Abule et al. (2005), perennial grasses add to the
nutritive value of rangeland and improve livestock
productivity which in turn enhances people’s livelihood.

The most abundant highly desirable perennial grass was C.
aucheri (19.2%) which mostly confined to the light thinning area.
According to Ahmad et al. (2009) C. aucheri is the perennial C4
bunchgrass and the most widespread species found in the semi-
arid grasslands and bush lands of the Horn of Africa (Herlocker,
1999; Solomon and Mblambo, 2010) and is preferably grazed by
cattle (Gemedo et al., 2005). Herlocker (1999) indicated that C.
aucheri is very sensitive to grazing whereby heavy grazing results
in the elimination of the species.

TABLE 4 | Correlation coefficient values between thinning, grass species composition and biomass production.

Variable Coefficients Std. error t-Statistic Sig

Thinning intensity (%) 45.5 7.4 6.172 0.000a

Species composition (# ha−1) 28.4 9.11 2.870 0.003a

Grass biomass (kg. ha−1) 35.5 11.4 3.110 0.002a

aIndicates significant positive correlation values between variables.

TABLE 5 | Correlation analyses (n � 5) of relations between season, grass species
composition and biomass production.

Variable Season 1 Season 2 (ns) Season 3

Species composition (# ha−1) 0.976*** 0.636 0.988***

Grass biomass (kg. ha−1) 0.987*** 0.534 0.935**

NB:
**� highly significant (p < 0.01).
***� highly significant (p < 0.001); ns � non-significant.
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The second most abundant perennial grass C. ciliaris (15.7%),
showed preference to light thinning (25%). The species is
commonly known as “Buffel grass,” is grown widely in
tropical and subtropical arid savannas around the globe
because of its high drought tolerance and capacity to
withstand heavy grazing (Marshall et al., 2012). The species
has higher palatability and better adaptation to hot dry areas
with high evapotranspiration (Herlocker, 1999; Guevara et al.,
2009). Lazarides et al. (1997) stated that Buffel grass is uniquely
suited to the pastoral system because it has high nutritional value
for sheep and cattle, and the ability to withstand heavy grazing, a
deep stabilizing root system and responds quickly to rainfall
events. More recently, Buffel grass is highly valued for site
rehabilitation and erosion control (Solomon et al., 2010).

Among the most abundant species in the cleared plot (100%)
were C. roxburghiana and A. adscensionis. The species were
widespread in drylands areas and is usually found growing in
association with C. aucheri and C. ciliaris in Commiphora and
Acacia woodland. Chloris roxburghiana is an important species
for livestock and wildlife. This species contributes up to 50
percent of the diet of wild herbivores in eastern Kenya
(IBPGR, 1984; Herlocker, 1999) but is in danger of
disappearing due to land degradation.

The only highly desirable perennial grass that did not appear
in the 100% plot was P. maximum however relatively abundant in
the un-thinned plot. This finding confirmed the study by Abule
et al. (2005) in the mid-rift valley area of Ethiopia showing that
Panicum maximum grows better underneath the tree canopy.
Panicum maximum is a tall, fast-growing, and nutritious grass
species preferred by herbivores (Smit, 2005). The species is often
found associated with Cenchrus and Bothriochloa in Acacia
woodland in the dry savannah areas. Herders in the study area
also reported that P. maximum is a highly preferred grass species,
particularly by cattle. The species usually grows under canopy
area, stay greener for a longer period and serve as standing hay to
feed calves and weak animals during the dry period. It is,
therefore, important to note that P. maximum would probably
be lost with the complete elimination of trees.

The preference of grass species to various tree densities under
the current study confirms the observation from Tunisia
(Abdallah and Chaieb, 2013) that show a positive
interrelationship between the woody plants and grass layer.
The finding of the current study, therefore, suggests that total
grass species composition and biomass production may be
favored by the presence of woody plants to a certain density.
Clearing of woody plants in areas dominated by acacia trees may
result in the loss of desirable nutritious grasses and a shift in total
biomass yields of the most desired species. Such losses in species
composition may affect negatively grazing livestock and the
livelihood of the community.

In general, changes in understory species composition
following thinning of woody plants have been recorded
worldwide. For example; in South Korea, an increase in
herbaceous vegetation density was recorded where
Chamaecyparis obtusa stands have been thinned around Mt
Moonsu (Sang-Hyun et al., 2018). Thinning of
Colophospermum mopane trees in South Africa increased the

grass species (Smit and Rethman, 1999). In Taiwan, thinning of
the Cryptomeria japonica forest between 25 and 50% has
increased plant diversity and richness (Tsai et al., 2018).
Distinct changes in the grass species composition were also
observed during this study and the pattern of establishment of
the various grass species demonstrates some indication of the
successional order of establishment.

The grass biomass recorded in the 0% was lower compared to
thinned plots possibly attributed to the negative effect of A.
drepanolobium trees which out-competed grass species for
light, soil moisture, and nutrients. It was noted during the
study period that, the grass yield differed substantially
(677.5%) between the two ends (0 and 100%) of the thinning
gradient. This indicates that the negative effect of bush
encroachment on grass biomass is severe at high woody
density and cover. The negative effect of dense woody species
on the production of grass species has already been reported
globally to savanna ecologies (Ward, 2005; Eldridge et al., 2011;
Keba, 2013; Archer et al., 2017). Encroachment of woody plants
jeopardizes grassland biodiversity, threatens the sustainability of
pastoral subsistence and commercial livestock grazing (Eldridge
et al., 2011). Richter et al. (2001) found that bush encroachment
had an adverse influence on grass biomass production and
decreased potential grazing capacity. And the decrease in grass
biomass production directly affects livestock production, on
which the livelihoods of pastoralists depend (Solomon and
Mblambo, 2010).

The result of the current study showed that thinning increased
the biomass of the grass component. The grass biomasses
recorded in the thinned plots were substantially higher
compared to the 0% plot showing the apparent existence of
the positive effect of scattered woody plants on grass
production. The higher biomass recorded in the thinned plots
might be attributed to the reduced competition for light, soil
moisture, and nutrients following thinning of A. drepanolobium.
Ducherer et al. (2013) and Smit and Rethman (2000) all indicated
that reducing or eliminating competition from overstory trees can
increase soil moisture and mineral nutrients for understory
plants, and allow colonization of bare soil by herbaceous
plants. The higher dry matter yield recorded in the thinned
plots and in a plot where trees have been removed
corresponds to Smit (2005) who reported that in semi-arid
savannas higher grass biomass is recorded at low tree densities
and the complete removal of the woody layer results in a
substantial increase in grass production. And the increase in
grass biomass improves carrying capacity and livestock
production.

The Effect of Season on Species
Composition and Biomass
The highest species composition recorded during the end of the
main rainy season was mainly attributed to higher rainfall and
soil moisture content. It can easily be understood from the
ordination map of species and season (Figure 4) when the
grasses are abundantly distributed. Sankaran et al. (2005) have
also indicated that the availability of soil water is an important
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determinant of a tree: grass ratios in arid and semi-arid savannas.
Similarly, Smit and Rethman (2000) emphasized the significant
positive effect that thinning has on the soil water status of an area,
which enhances the establishment of highly desirable and
desirable grass species. In this study, the highly desirable class
of grass species was dominant in composition during the main
and small rainy seasons probably attributed to the effective
rainfall which increased soil moisture available for grasses
following thinning suggesting that, thinning of woody plants
should be planned before the onset of rainy season to improve the
availability of soil moisture which would support the
establishment, growth and production of desirable grass
species in the semi-arid savannas.

The grass biomass yield obtained during the main rainy season
was significantly higher than the yields for the other two seasons.
The lower soil moisture recorded in season 2 is responsible for the
lower biomass in this regard particularly during July and August,
resulting in lower vegetative production of the grass layer.
Therefore, climatic variability is the major contributing factor
for the low biomass production in savanna ecosystems (Keba,
2013). The interactive effect of thinning and season on grass
biomass was evident as indicated by the variability of biomass
among thinning plots across seasons. In general, when the
biomass is high as in season 1 and season 3 the thinning had
a big effect, but the same effect could not be seen in season 2 due
to low grass vegetative production which resulted in low
biomass yield.

The total annual biomass yield of 3,301.5 ± 897 kg. ha−1 (3.3 ±
0.9 ton ha−1) documented by the current study is higher than a
study survey estimate of 1.21 t. DMY ha−1 by Keba (2013) in
severely bush encroached and seasonally grazed areas of the
region. Similarly, Amsalu and Baars (2002) also reported a
lower DM yield of 1.3 t ha−1 for all the communally grazed
zones in bush encroached Mid Rift valley area of Ethiopia. In
general, the higher annual grass biomass under the current study
is owing to the effect of selectively thinning woody plants that
combines rainfall.

Relationship Between Thinning Intensity
and Grass Values
Savanna is a curious vegetation state characterized by the
coexistence of grasses and trees. For grasses to persist, they
would have to be the superior competitor during periods of
the simultaneous tree and grass growth (Scholes and Archer
1997). The same authors recognized the importance of frequent
disturbances that affect competitive advantages between trees and
grasses. Disturbances that limit tree dominance such as
mechanical thinning and post-thinning management
hypothesized to provide the mechanism that prevents trees
from negatively influencing the grassy layer (Smit, 2004). In
this paradigm, with the absence of these measures, savannas
are expected to be unstable. This means that without
disturbances, savannas will generally tend toward a wooded
scenario in arid systems (Scholes and Archer 1997). The
current study result showed that thinning reduced woody
cover and increased species composition which in turn

responsible for increased biomass production suggesting that
thinning intensity, grass species composition, and biomass are
strongly positively related. This means grass species composition
and biomass increased with the increasing intensity of thinning
woody plants. Such a positive relationship between thinning
intensity and grass species has been widely reported in semi-
arid savanna ecosystems (Smit, 2005; Gemedo et al., 2006;
Kahumba, 2010).

To answer the question at which thinning level the ideal
productivity can be reached; CA ordination illuminated the
richness of the majority of the highly desirable grass species at
the 50 and 75% intensities suggesting that, maximum species
richness and biomass may be realized at the heavy intensity
(75%) of thinning woody plants in savanna rangelands. This is
further validated by the indifferent species composition and a
decline in total biomass in the cleared (100%) plot during the
third season. The decline might be attributed to the removed
positive tree-grass interaction as a result of clearing existing
woody plants suggesting that, the high grass yield recorded in
the 100% plot area during the first season may be only
temporary.

Relationship Between Season and Grass
Values
According to the study findings, there was a positive linear
relationship between rainy seasons and total grass values
showing that effective rainfall increases grass species
abundance and biomass production in the natural savanna. In
contrast, grass species abundance and biomass production was
negatively associated with dry season indicates that climatic
variability is the major contributing factor for the decline in
grass species composition and low biomass production in the
semi-arid savanna. The relationships between grass species
composition, biomass production and precipitation in the
savanna of southern Ethiopia have been found to be linear.
Periods or seasons of high rainfall favor growth of grass
species, while drought periods limit plants establishment and
growth. Ecologists (Scholes et al., 2002; Sankaran et al., 2004) also
reported that the relationships between biomass and rainfall in
savannas are almost linear just as that between productivity and
days of water stress (House and Hall, 2001). The relationship
between season and grass species reported by the current study
could therefore make the decision and program to develop the
most important forage grass species much easier and effective in
the savanna system.

CONCLUSION

The study of the influence of thinning and season on grass species
composition and biomass was carried out in semi-arid savanna
where bush encroachment is the major threat to livestock
production and people’s livelihood. Thinning negatively
influenced woody cover and enhanced grass species
composition and biomass production. Higher grass species
composition and biomass were recorded in thinned plots
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compared to un-thinned plots. Gaps in the woody canopy were
created due to thinning affecting the availability of light and
potentially increased growth of grass species and production. The
relationship among thinning, species composition, and biomass
was linear showing that total grass values increase with increasing
intensity of thinning encroaching woody plant species. Rainfall
and soil moisture also played an important role by interacting
with thinning and influenced species composition and grass
yields. Higher species composition and biomass were recorded
in wet seasons than in the dry season. The relationships between
grass species composition, biomass and precipitation in the study
savanna have been found to be linear. Aridity increases rainfall
variability with rainfall remains the main limiting factor of forage
production for livestock in savannas.

Based on some observed qualitative benefits of thinning
differentiation, with certain desirable grass species that
showed preference to the thinning intensity, desirable grass
species would probably be lost with the complete removal of
trees. The current study is, therefore, suggests thinning of
bushes to the 75% of tree density in heavily encroached grazing
lands if the objective is to maximize forage production for
grazers. The sustainability of woody tree thinning technology
may possibly challenging given the normal grazing systems in
the area, because grass is more sensitive to overgrazing than
trees. Appropriate rangeland management practices must be
implemented usually involving the protection of thinned areas
from grazing for a period of time and provision of adequate
rests are usually required during the post-thinning period to
ensure sustainability. Any mismanagement practices that
promoted woody plant invasion in the first place must be
eliminated from the management system. Sound grazing
management practices, especially during wet season, which
will ensure the vigorous and competitive grasses is of critical
importance. After bush thinning has been implemented,
maintaining a productive grass layer through sound
rangeland management should prevent renewed bush
encroachment. Early treatment will minimize efforts and
costs that come with treating well established plants or full-
blown infestations. The best way of preventing bush
encroachment, therefore, is to maintain a high cover of
grasses through good management at all times.
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