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ABSTRACT

Article History:

Rehabilitation of denuded patches using perennial grasses has been used
extensively in semi-arid environments of Kenya. However, weeds
continue to pose an enormous challenge to the success of many
rehabilitation programmes. The aim of this study was to identify the
common weeds that pose a challenge to rehabilitation success and
establish the grass-weed interactions in rehabilitated areas of a semiarid environment in Kenya. A survey questionnaire was administered to
capture the farmers’ perception on the most problematic weeds and the
challenge they pose to rehabilitation programmes. Experimental plots
were laid out under simulated rainfall (sprinkler system). Three
perennial grasses; Cenchrus ciliaris, Eragrostis superba, and
Enteropogon macrostachyus, were used. These grasses were sown
along ox-ploughed micro-catchments as pure stands and two grass
mixtures and monitored at three phenological stages; early vegetative
(15cm), elongation (30cm) and reproduction (60cm) representing high,
medium and low grazing intensities respectively. Results from this
survey showed Ipomoea kituensis posed the greatest challenge to
rehabilitation programmes. Results also showed an inverse relationship
in biomass yields between the weeds and established grasses across the
three phenological stages. These results strongly suggest that selective
weeding of rehabilitated semi-arid environments is critical for the
success of rehabilitation programmes in semi-arid Kenya.
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INTRODUCTION
Degradation of vegetation cover and soil is a
common problem in semi-arid lands in Kenya.
Although land degradation occurs under a wide

variety of conditions and environments, some are
more at risk of degradation, especially the arid and
semi-arid lands (ASALs). This is because the soils
have poor soil structure as a result of low levels of
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organic matter (Mganga et al., 2010a). The decline
of productivity, the loss of biodiversity and the
increasing rate of soil erosion are degradation’s
evidence in these environments (Visser et al.,
2007). Taking into consideration the enormous
extension of the semi-arid rangelands, their
ecological and economical value and their
importance for the agro-pastoral communities in
this environment, it is obvious that improved
management methods of rangeland resources are
urgently needed. Reseeding is one alternative used
to restore ecosystem functionality and productivity
in these contexts though it is costly and often
uncertain (Coronado et al., 2005). It is therefore
important to understand the behaviour of plants
used for reseeding in different ecosystems (Smith
et al., 2000).
Sufficient moisture is the most limiting factor in
rehabilitation programmes in semi-arid lands of
Kenya (Mganga et al., 2010a). This can be
attributed to the hot, dry conditions and short rainy
periods that dry the soil surface, reducing
germination percentage and rate and quickly and
dramatically altering the physical and biological
environment of plant roots (Coronado et al., 2005).
However, when moisture is not limiting, other
factors such as soil type, inappropriate sowing
methods, poor seed bed preparation and poor
timing, use of poor quality seed can all contribute
to rehabilitation failures. Weeds also pose a great
challenge to rehabilitation programmes as they
compete with the sown grasses for the available
soil nutrients and limited soil moisture in the semiarid environment. Weed species can be very
aggressive thus colonize wide areas within a very
short time after the onset of the rains. The objective
of this study was to establish the grass-weed
interaction in a rehabilitated semi-arid environment
in Kenya and identify the most problematic weed
species which contribute to rehabilitation failure in
the study area.

MATERIALS AND METHODS
Study area
The study was conducted in the semi-arid district
of Kibwezi, south-eastern Kenya. The district lies
between latitudes 2º 6′S and 3ºS, and longitude 37º

36′E and 38º 30′E respectively (Mganga et al.,
2010b). The district has a total area of 3400 km²
(CBS, 2000). The agropastoral Kamba community
is the predominant ethnic group in the district
(Nyangito et al., 2008; Mganga et al., 2010b).
Their main source of livelihood is raising of local
livestock breeds mainly the small east African
Shorthorn Zebu cattle, red Maasai sheep and the
small east African goat and growing different
varieties of drought tolerant maize, millet, beans,
sorghum and pigeon peas (Nyangito et al., 2009).
The climate is typical semi-arid and the district
characterized by low and unreliable supply of
enough moisture for plant growth. The average
annual rainfall, evaporation and temperatures are
600mm, 2000mm and 23°C respectively (Musimba
et al., 2004). The most soils are considered
problematic because their physico-chemical
properties limit the uses for agricultural purposes
(Biamah, 2005). They generally have low organic
matter contents and an unstable structure (Mganga
et al., 2010c). The main problems associated with
the soils are high levels of salinity and sodicity,
poor drainage, soil erosion, soil compaction, soil
crusting and low soil fertility (Biamah et al., 1994).
Such soils are generally very vulnerable to physical
erosion and chemical and biological degradation
(El Beltagy, 2002). The natural vegetation is
woodland and savanna with several tree species,
mainly Acacia species (A) such as Acacia tortilis
(Forsk) and Acacia mellifera (Vahl) Benth,
Commiphora africana (A. Rich), Adansonia
digitata Linn and Tamarindus indica L. Shrubs
include Grewia species (Nyangito et al., 2009).
The common perennial grasses include Cenchrus
ciliaris, Eragrostis superba, Chloris roxburghiana
and Enteropogon macrostachyus (Musimba et al.,
2004).
Land preparation and experimental design
Land preparation involved creation of shallow
microcatchments of a depth of 15cm using an oxdriven plough and fencing of the site using locally
available Acacia branches to keep-off free grazing
livestock. The experimental design was a Complete
Block Design (CBD). Three (3) main plots
measuring 15 X 10m were laid horizontally next to
each other. The main plots were separated from
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each other with a 5m fire break. The three main
plots were further sub-divided into six (6) sub-plots
each measuring 5 X 5m. The grass seeds were hand
sown along the micro-catchments as pure stands
(Cenchrus ciliaris, Enteropogon macrostachyus
and Eragrostis superba) and as two grass mixtures
(C. ciliaris – E. superba, C. ciliaris – E.
macrostachyus, E. superba – E. macrostachyus) in
each sub-plot. The experimental plots were put
under simulated rainfall (sprinkler irrigation). The
sprinkler irrigation system application rate was
0.638cm3sec-1.
Sampling biomass production
Biomass production in all the sub-plots in every
plot was estimated using the quadrat method.
Destructive sampling technique of clipping within
a 0.25m2 size quadrat was used. Clipping was done
at a stubble height of 2.5cm. Six (6) quadrats were
placed at each sub-plot. The harvested biomass for
the grasses and weeds in each sampling quadrat
were placed in separate sealed brown paper bags,
labelled and oven dried at 80°C for 96 hours to
remove the moisture and weighed to estimate dry
matter yields (kg/ha). Biomass was collected at
heights of 15cm (early growth stage), 30cm
(elongation stage) and 60cm (reproduction).
Data collection and analyses
Dry matter yields of the grasses and the weeds
were compared using One-Way Analysis of
Variance and the means separated using Turkey’sb. Mean separation was done at p < 0.05. SPSS
(Einstein and Abernethy, 2000) was used to
analyze the data. A household survey was
conducted among 50 agro-pastoralists using semistructured
questionnaires.
Questions
were
dichotomous, multi-choice and open ended to
allow ease of capture of the diverse issues on the
common weeds in rehabilitated denuded semi-arid
lands.

RESULTS AND DISCUSSION
Biomass production results showed that there was a
significant difference (p< 0.05) in dry matter yields
at different heights among the grasses and weeds.

003

The inverse relationship between biomass yields
of planted grasses and weeds is shown in Tables 1
and 2 below.
Table 1. Biomass yields on dry matter basis (Kg/ha) at different
stubble heights
Plot

CC
EM
ES
CC/EM
CC/ES
EM/ES

15cm
Grass
Weeds
a
44.2
360.8d
a
83.9
662.4d
47.0a
386.4d
32.0a
308.4d
43.4a
309.5d
59.0a
398.8d

Biomass Kg/ha (DM)
30cm
60cm
Grass
Weeds
Grass
Weeds
a
c
104.2
85.56
1026.6b
37.16c
a
c
b
168.0
70.04
744.0
52.92c
109.8a
66.36c
896.5b
58.60c
144.0a
63.12c
780.9b
49.72c
169.2a
71.16c
808.3 b
39.64c
164.8a
62.36c
709.3b
53.04c

Notes: CC- Cenchrus ciliaris, EM- Enteropogon macrostachyus, ES- Eragrostis
superb; Row means with different superscripts (a, b) are significantly different at p<
0.05; Row means with different superscripts (c, d) are significantly different at p<
0.05

Table 2. Percentages of the total biomass yield of the grasses and
weeds at different heights
Plot

CC
EM
ES
CC/EM
CC/ES
EM/ES

15cm
Grass
Weeds
11%
89%
11%
89%
6%
94%
9%
91%
12%
88%
16%
84%

Percentage (%)
30cm
Grass
Weeds
55%
45%
71%
29%
62%
38%
70%
30%
70%
30%
73%
27%

60cm
Grass
Weeds
96%
4%
93%
7%
94%
6%
94%
6%
95%
5%
93%
7%

Notes: CC- Cenchrus ciliaris, EM- Enteropogon macrostachyus, ESEragrostis superba

Table 3. Ranking of the common weeds in rehabilitated
semi-arid lands of south-eastern Kenya
Species of weeds
Ipomoea kituensis
Ocimum species
Aconthospernum
hispidum
Commelina
bengalensis
Oxygonum sinuatum
Lactuca capensis
Datura stramonium
Digitaria scalarum
Cynodon dactylon

Frequency of
correspondence
100%
38%
82%

Ranking

60%

3

58%
40%
38%
16%
24%

3
5
6
9
8

1
6
2

The inverse relationship in biomass yields
between the sown grasses and the weeds can be
explained by the longevity of the grasses and the
weeds. The common weeds identified in the
rehabilitation plots were mostly annuals. The
weeds had a competitive advantage at the early
stages of development. However, the perennial
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grasses out-competed the weeds at the later stages.
Cenchrus ciliaris showed the highest competitive
advantage over the weeds by limiting their
establishment in the plots. Eragrostis superba and
Enteropogon macrostachyus demonstrate almost
identical competitive advantage over the weeds
at the reproductive stage (60cm). However,
Eragrostis superba showed a higher competitive
advantage than Enteropogon macrostachyus at the
early (15cm) and elongation (30cm) stages. The
competitive advantage of Cenchrus ciliaris can be
attributed to its deep strong fibrous system. It is a
particularly aggressive grass, by virtue of its
extensive root system competing with associated
species for water and nutrients. It also appears to
be allelopathic (suppression of other species by
exudation of phytotoxic chemicals that inhibit
germination and growth of other plants) (Mganga,
2009). Results from this study also showed that
two grass mixtures with Cenchrus ciliaris also
suppressed the weeds. This can be attributed to the
presence of Cenchrus ciliaris in the grass mixture.
Eragrostis superba roots are limited to the upper
0.4m from the soil surface. This enables the grass
to make full use of light showers of rain (Opiyo,
2007). This explains its competitive advantage over
weeds compared to Enteropogon macrostachyus.
Results from the survey showed Ipomoea
kituensis to be the most problematic and
commonest weed affecting rehabilitated semi-arid
lands in the study area. Ipomoea kituensis is a
creeping annual herb which colonizes and spreads
rapidly immediately after the onset of the rainy
season. It is widespread in the semi-arid districts in
Kenya. The weed was noted to be the most
problematic in the study area since it engulfs and
covers the newly established grass stand. This
deprives the grasses enough sunlight for
photosynthesis. Additionally, the fresh and heavy
biomass of Ipomoea kituensis also suppresses the
growth and development of the grasses underneath
it resulting to high incidences of seedling mortality.
This consequently results to poor establishment
and much of the denuded areas remain bare after
disappearance weed at the end of the rains. Results
from the survey showed that Ipomoea kituensis was
noted to reduce the area under grass and reduce the
grass yields. Table 3 below shows the ranking of

the common weeds hampering rehabilitation efforts
in the area.
Conclusion
There exists an inverse relationship between sown
perennial grasses and weeds in rehabilitated plots
over a period of time. Weed biomass is
predominant in the early stages of establishment
compared to the sown grasses. However, at the end
reproductive stage, grass biomass becomes more
predominant out-competing the weeds. Ipomoea
kituensis is the most problematic weed species in
the semi-arid environment in south-eastern Kenya
which results to rehabilitation failures using grass
reseeding technology.
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