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SUMMARY

A two phase study was carried out from 2002 to 2005
in the semi-arid rangelands of Kajiado District, Kenya
to determine the effect of introduced forage legumes
on soil fertility improvement of natural pastures.
During legume evaluation phase, Neonotonia wightii
(Glycine), Macroptilium atropurpureum (Siratro),
Lablab purpureus cv. Rongai (Dolichos), Mucuna
pruriens (Velvet bean) and Stylosanthes scabra var.
Seca (Stylo) were screened for adaptability and growth
performance under the semi-arid conditions for two
years. Results of soil analysis showed there were
significant increases in soil pH (4.92 to 5.36), organic
carbon (1.17 to 2.57%) , nitrogen (0.17 to 0.22%) and
potassium (1.23 to 1.68 me%) probably due to the
large amounts of organic residues produced by the
legumes (particularly Glycine, Siratro and Stylo which
are perennials). The calcium content decreased
significantly from 7.97 to 4.50 me% (which was
attributed to plant uptake) while the decrease of
phosphorus was not significant. During the second
phase of study for 1% years Glycine, Siratro and Stylo
were integrated into natural pastures. The results
showed that only the soil pH significantly increased
from 5.23 to 5.31 while all the other nutrients
decreased results, which were attributed to production
of less organic residues by the legumes compared to
the residues produced during the legume evaluation
phase. The study concluded that Glycine, Siratro and
Stylo were capable of improving the soil fertility of
semi-arid natural pastures only if the respective dry
matter production was 10.31, 7.81 and 3.52 tha™,
amounts which were able to produce large amounts of
organic residues.

Key words: Forage legumes; Grass/Legume
intercrops; Semi-arid rangelands; Soil fertility.
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RESUMEN

Se realiz6 un estudio de dos fases de 2002 a 2005 en
los agostaderos semi-aridos del distrito de Kajiado,
Kenia, para evaluar el efecto de leguminosas forrajeras
introducidas sobre la mejora de la fertilidad del suelo
de praderas nativas. Durante la fase de evaluacion de
leguminosas Neonotonia wightii (Glycine),
Macroptilium  atropurpureum  (Siratro), Lablab
purpureus cv. Rongai (Dolichos), Mucuna pruriens
(frijol terciopelo) y Stylosanthes scabra var. Seca
(Stylo) fueron evaluados para adaptabilidad y
crecimiento bajo las condiciones semi-aridas por 2
afios. Los analisis del suelo mostraron un incremento
significativo en el pH (4.92 a 5.36), carbono organico
(1.17 a 2.57%), nitrégeno (0.17 a 0.22%) y potasio
(1.23 a 1.68 me%) probablemente debido a la gran
cantidad de residuos organicos particularmente por
Glycine, Siratro y Stylo que son perenes. El contenido
de calcio se redujo significativamente de 7.97 a 4.50
me% (atribuido a utilizaciéon por la planta) y no se
observé una reduccion significativa de fésforo.
Durane la segunda fase (1.5 afios), Glycine, Siratro y
Stylo se incorporaron a praderas nativas. Unicamente
se afecto de manera significativa el pH del suelo de
5.23 a 5.31, mientras que los nutrientes restantes
mostraron decrementos que fueron atribuidos a la baja
produccion de materia organica por parte de las
leguminosas en comparacion con la produccion
observada durante la primera fase. Se concluy6é que
Glycine, Siratro y Stylo pueden mejorar la fertilidad
del suelo de las praderas de areas semi-aridas solo si
su produccién de materia seca es de 10.31, 7.81 y 3.52
t ha™, cantidad suficiente para producir los residuos
organicos necesarios.

Palabras clave: leguminosas forrajeras; asociacion
pasto/leguminosa; agostadero semi arido; fertilidad el
suelo.
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INTRODUCTION

In semi-arid regions of eastern Kenya, the rapid
increase in population densities, continuous cultivation
and overgrazing has contributed to the depletion of
soil fertility resulting in low yields from croplands and
pastures (Njarui et al., 2004). The infertility of the
soils, particularly lack of N, is the main contributory
factor to the low productivity of such tropical soils
(Giller, 2001). In addition, the frequent fires that occur
especially during the dry seasons in the rangelands
lead to considerable losses of N in gaseous form to the
atmosphere (Brady, 1984; Grace et al., 2006).
According to Nyathi et al. (2003), some forms of
tillage, particularly in arid and semi-arid areas
encourage oxidation of organic matter throughout the
tilled profile resulting in release of carbon to the
atmosphere rather than its build-up in the soil. This
leads to reduced biomass production from crops or
pastures and lower carbon inputs to the soil in
subsequent periods because less root matter, leaf litter
and crop residues are returned to the soil.

Legumes have the potential to improve soil fertility
through the release of nitrogen from decomposing leaf
residues, roots and nodules which results to increased
sward productivity after nitrogen uptake by the
companion grasses (Guretzky et al., 2004; Cherr et al.,
2006). The slow release of nitrogen may be better
synchronized with plant uptake than other sources of
inorganic N, thereby increasing nitrogen uptake
efficiency and crop yields while reducing nitrogen loss
through leaching (Cherr et al., 2006). Thus integration
of forage legumes into natural pastures is an option to
improve soil fertility through addition of organic
residues and soil nutrients (especially nitrogen) in the
semi-arid rangelands of Kajiado District. This study
was therefore carried out with the aim of introducing
suitable forage legumes into semi-arid natural pastures
as a way of improving the soil fertility.

MATERIALS AND METHODS
Study site

The study site was located in Mashuru Division of
Kajiado District at an altitude of 1280 m above sea
level from October 2002 to February 2005 on a farm
used for extensive grazing. Most parts of the division
lies in agro-climatic zone V which is classified as
semi-arid (Sombroek et al., 1982). The mean annual
rainfall for 15 years for the study area is 838 mm and a
mean annual temperature of 21.6 to 24.0 °C (jaetzold
et al., 2006). Only 7% of the district’s land lies in
agro-climatic zone IV which has some potential for
rain fed cropping (Ojwang’ et al., 2006). According to
Sombroek et al. (1982), rainfall is the major limiting
factor for maximum primary production in the area.
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The rains are received in two distinct rainfall seasons,
with the long rainfall season occurring between March
and May while the short rainfall season occurs
between October and January of each year. The soils
are well drained with clay to clay loam texture and a
pH of 4.9 to 5.5 which is categorized as acid to slightly
acid (landon, 1984). The soils were classified as
Ferral-Haplic Lixisol (FAO, 1997). The dominant
farming system is agro-pastoralism by the Maasai
community who keep large herds of livestock as their
main source of livelihood.

Legume screening experiments

The first phase of the study was legume screening to
identify suitable forage legumes for integration into
natural pastures for enhancement of soil fertility. The
forage legumes selected were: Neonotonia wightii
(Arn.) Lackey (Glycine), Macroptilium
atropurpureum (DC) Urb. (Siratro), Lablab purpureus
cv. Rongai (L.) Sweet (Dolichos), Mucuna pruriens
(L.) DC (Velvet bean), and Stylosanthes scabra var.
seca Vog. (Shrubby Stylo). These legumes were
selected because they had been identified as green
manure legumes for soil fertility improvement in
cultivated smallholder agriculture in Kenya (LRNP,
1999). The five legumes (treatments) were sown as
monoculture stands and soil samples collected at
beginning and end of the two year study period. Soil
pH was determined in a 1:2.5 soil: water suspension.
The soil organic carbon was determined through the
Walkley and Black method as described by Okalebo et
al. (2002). The soil nitrogen was determined by the
macro-Kjedahl method while the exchangeable cations
(phosphorus, potassium and calcium) were determined
through the Mehlich Double Acid Method following
procedures described by Okalebo et al. (2002). The
litter production of the legumes was determined during
the month of August 2003 which was the peak of the
long dry season (June to October) by collection of all
litter drops within an area of 1 m? in each experimental
plot on a daily basis for three weeks. Other data
collected (but not presented in this paper) included dry
matter production at a two and four months clipping
interval and rooting characteristics of the five legumes,
five months after planting.

Grass/Legume integration experiments

Results from the legume screening experiment showed
that Glycine, Siratro and Stylo were perennial, deep
rooted, and yielded high dry matter and litter drop than
Dolichos and Velvet bean. They were therefore
integrated into natural pastures through sowing along
20 cm wide bands cleared of vegetation. The
treatments were: Natural pasture (NP), monoculture
stands of Glycine, Siratro and Stylo, and intercrops of
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NP+Glycine, NP+Siratro and NP+Stylo. Soil samples
were collected at beginning and end of the 1% year
study period for soil fertility assessments.

Data analysis

Analysis of variance (ANOVA) was conducted to
determine the treatment effects in respective
experiments using the MSTAT-C computer
programme (Bricker, 1990). Significant treatment
means were then separated at P<0.05 using the
Student-Newman-Keul’s Test. The ANOVA was
conducted using a 2-factor Randomized Complete
Block Design (RCBD), where the factors were
treatments and beginning/end effect.

RESULTS AND DISCUSSION

Soil fertility during screening phase

The results of soil analysis at beginning and end of the
experimental period showed that soil pH, carbon (C),
nitrogen (N) and potassium (K) significantly (P< 0.05)
increased by end of the experiment (Table 1).
However, calcium (Ca) significantly (P<0.05)
decreased while P had a non-significant (P> 0.05)
decrease from the soil by end of the experiment.

The increase in soil pH was attributed to the addition
of organic residues from the legumes in form of leaf
litter drops and probably from the decay of roots and
nodules. Bationo (2008) also reported that in Sadore,
Niger, the pH in unmulched control plots was 4.3, but
in plots where crop residues were added, the pH
increased to 4.7 over 14 years. During the current
study, Glycine, Siratro and Stylo contributed highest
amounts of leaf litter which was significantly (P<0.05)
higher than that of Dolichos and Velvet bean (Figure
1). These results are in conformity with those of
Njunie et al. (1996) who conducted a leaf drop study
at coastal KARI-Mtwapa Research Station for 18
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herbaceous legumes. The authors concluded that M.
lathyroides (L.) Urb, L. purpureus and M.
atropurpureum were capable of improving soil fertility
by providing leaf mulch in situ and hence improving
the soil organic matter content.

Table 1: Effect of legumes on soil fertility during the
screening phase

Period pH C N P K Ca

(%) (%) (ppm) (me%) (me%)
Beg 492% 117F 017F 1788 123" 7.97°
End 5.36% 2.57° 0.22° 177.0 1.68* 450°
SE 008 012 001 552 006 0.79

Means with different letters in a column are significantly
different at the 0.05 level of probability

During decomposition and mineralization of organic
residues, nutrients are released to the soil due to
increased soil microbial activities which are activated
by more favourable soil conditions and availability of
C (Landon, 1984; Muriuki and Qureshi, 2001) after an
initial N immobilization by soil microorganisms
(Giller and Wilson, 1991). Therefore, it may be argued
that with an increased soil organic matter due to
addition of plant residues by the legumes, the soils
microbial activity increased. In addition, the shading
effect by the legumes may have favourably improved
the micro-environment of the soil in terms of soil
temperature and moisture conditions, thus favouring
increased microbial activity. This was reflected in the
rise of total soil N by 29 % by end of the experiment,
which indicated the positive contribution by legumes
as regards enhancement of soil fertility. Lascano and
Peters (2007) stated that legumes contain large
amounts of N which upon decomposition becomes
available, resulting in significant increases in the soil.
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By end of the experiment, the P content in the soil
decreased. This decrease was non-significant and was
attributed to uptake by the legumes after it became
more available as a result of the rise in soil pH. The
decrease in soil P by end of the experiment was
attributed to P uptake by legumes. Phosphorus is
required for growth and development of leguminous
cover crops as it is critical for both nodulation (number
and density of nodules) and nitrogen fixation in some
legumes (Chemining’wa et al., 2006). Bationo (2008)
citing Hafner et al. (1992) reported that root length
density and total P uptake increased from 3.4 kg ha™
with no crop residue application to 10.6 kg P ha™ after
application of crop residues. However, once P
contained in organic matter was released through
mineralization into the soil, it can either be
immobilized by soil micro-organisms and plants or
become fixed in the soil (Rowell, 1994).

By end of the experiment, K significantly (P<0.05)
increased in the soil, an increase that may be attributed
to the release of nutrients after decomposition and
mineralization of the legume’s organic residues. K is
the next mineral element with a high concentration in
plant parts after N and hence, large amounts are added
to the soil after organic residues decompose (Rowell,
1994; Marschner, 1995). During mineralization of
organic matter, there occurs a rapid release of K
followed by slower releases of N, P and Ca (Thomas
and Lascano, 1995). However, the release of N, K and
Ca is usually greater in legume litter due to tenderness
of legume leaves compared to the slow release from
grasses due to their higher lignification (Thonnissen et
al., 2000).

Available soil Ca content decreased significantly
(P<0.05) by 44 % by end of the experiment. Muriuki
and Qureshi (2001) stated that as the soil pH rises
from 5.0 to 8.0, Ca becomes more available to plants.
Results from the current study showed that the pH rose
from 4.92 to 5.36 by end of the experiment, a rise that
may have led to increased Ca uptake by the legume
plants therefore leading to a decrease from the soil.
Calcium also raises pH level of the soil, which in turn
enables successful nodulation of the legumes by their
associated Rhizobium bacteria (Skerman et al., 1988).
Therefore, it implied that high demand of Ca for the
growth of legume meristematic tissue and the nodules
may have led to a decreased Ca content in the soil.
Rutunga et al. (2001) found that Ca is also among
nutrients that are released during the initial period of
litter decomposition (from 0 to 56 days) and may
either be taken up by plants, immobilized in soil
minerals or micro-organisms or lost by leaching.

In addition to enhancing soil fertility, legume litter fall
has other beneficial effects on the soil. Karuku et al.
(2006) found that legume residues acted as an energy
dissipater which absorbed raindrop impacts and

224

prevented direct evaporation and dispersal of soil
aggregates. The study found that infiltration rate of the
soil was higher under dead or live mulch because the
structural porosity of the soil was maintained and there
was no surface sealing and crust formation. Further,
macro-pores open to the soil surface remained intact
and functional in transmitting water through the soil
and biological activity of soil fauna was maintained
which further provided additional pores for water
conduction.

Soil fertility during grass/legume integration

The results showed that soil pH significantly (P< 0.05)
increased from 5.23 at beginning of the experiment to
5.31 by end of the experiment (Table 2). This increase
in pH was similar to that obtained in the screening
experiment. The results further showed that percent C,
N, K and Ca significantly (P< 0.05) decreased while
the decrease of P was not significant (P> 0.05).

Table 2: Effect of forage legumes on soil fertility at

beginning and end of grass/legume integration
experiment
Time pH C N P K Ca
(%) (%)  (ppm) (me%) (me%)
Beginning 5.23° 1.37% 0.18° 1703 1.32*%  6.70°
End 5.31° 1.30° 013" 1655 1.09°  3.08"
SE 0.04 004 001 735 0.06 0.53
(Means)

Means with a different letter in a column are significantly
different at the 0.05 level of probability

The increase in soil pH after addition of legume
residues is in agreement with Bationo et al. (1995)
who stated that application of organic residues to the
soil is one way of increasing soil pH. As a result,
aluminum toxicity which inhibits plant growth is
alleviated. Therefore, it can be argued that addition of
organic  residues, their  decomposition and
mineralization through action of soil micro-organisms
may have resulted in increased soil pH. Miles and
Manson (2000) added that a change of soil pH to less
acidic conditions causes the release of major nutrients
like C, N, P, K, Ca, Mg and S which becomes
available for plant uptake, thereby decreasing in the
soil.

The results showed a decrease of organic C, N, P and
K from the soil in contrast to results of the screening
experiment where these nutrients significantly (P<
0.05) increased in the soil, except P. These different
results may be attributed to the less amounts of dry
matter (hence less organic residues) produced by the
legumes during the grass/legume integration phase as
compared to the dry matter produced during the
legume screening phase. The highest dry matter yield
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produced by Glycine, Siratro and Stylo during
screening period was 10.31, 7.81 and 3.52 t ha™,
respectively, compared to 8.43, 3.46 and 3.29 t ha™
produced by the same legumes, respectively, during
the grass/legume integration study. Therefore, the
results indicated that more organic residues from the
legumes were returned to the soil during the screening
study than during the grass/legume integration study.
Another possibility why the nutrients decreased during
the grass/legume integration phase is the probable
competition for nutrients by grasses and legumes as
compared to the legume screening phase where the
legumes grew in monoculture stands.

According to Landon (1984), N-rich plant materials
like those from legumes decompose more rapidly than
those usually low in N. This statement is in conformity
with the findings of Crespo et al. (2005) who reported
that litter from Desmodium ovalifolium and
Stylosanthes guianensis legumes decomposed after
180 days compared to 210 days for litter from
Pueraria phaseoloides, Neonotonia
wightii/Macroptilium atropurpureum. However, the
rate of litter disappearance was low in grasses with 30,
15 and 10 % of the original litter deposition remaining
after one year in the case of Cynodon nlemfuensis,
Panicum maximum and Brachiaria decumbens,
respectively. Skerman et al. (1988) stated that the
main source of available N in natural pastures is from
soil organic matter, therefore the mineralization of soil
N is the most important source of N for the growth of
unimproved grasslands. However, in improved
pastures containing legumes, soil N was supplemented
by N fixed by the legume-Rhizobium symbiosis. The
authors added that the fixed N was used first for the
growth of legume plants which later contributed to
growth of other plants in the pasture.

By end of the experiment, organic C, N and K
significantly (P< 0.05) decreased in the soil while the
decrease of P was not significant (P>0.05). These
results are in conformity with those of Mureithi et al.
(1994) who reported that after opening up virgin land
for cultivation, C, N, P and K decreased up to the
second year. However, during the third year of
cropping, C, N and P increased (though not
significantly) due to application of mulch from
Leucaena leucocephala (Lam) De Wit. The authors
concluded that in the long term, improved soil
nutrients will likely result not from direct addition of
mulch from outside sources, but from large amounts of
cover crop residues for soil fertility replenishment.

The significant (P< 0.05) decrease in Ca content from
the soil was similar to the decrease obtained during the
screening experiment. The results from the integration
experiment implied that as soil pH rose from 5.23 at
beginning of experiment to 5.31 by end of the
experiment, soil calcium became more available for
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plant uptake which is in agreement with Muriuki and
Qureshi (2001). However, these results are in contrast
to those by Hassen et al. (2007) who reported an
increase of soil Ca after on-station intercropping of
Chloris gayana with Stylosanthes hamata, Desmodium
intortum or Macrotyloma axillare. At the beginning of
the fallows, soil Ca was 6.99 which increased to 8.48,
7.49 and 7.98 (meq 100 g™), respectively. However,
the author’s cautioned on interpretations of the results
since they were based on single composite samples per
treatment and no statistical analysis was done.
According to Marschner (1995), dicotyledons such as
legumes required higher levels of calcium than
monocotyledons such as grasses for optimum growth.
In addition, the process of nodule formation in
legumes was dependent on calcium which is required
by the associated Rhizobium bacteria (Skerman et al.,
1998).

CONCLUSION

Addition of organic residues to the soil by the legumes
improved the soil fertility by enhancing the soil pH,
carbon, nitrogen and potassium. However, phosphorus
and calcium levels in the soil decreased possibly due
to utilization by the legumes during the nodulation and
growth processes. The amount of legume residues
returned to the soil determined the amount of soil
nutrients released to the soil for subsequent uptake by
the companion grasses. Glycine, Siratro and Stylo
sown into natural pastures improved the soil fertility
due to the addition of organic matter by the legume
residues. Therefore, livestock fed on fodder from
grass/legume mixed pastures may benefit more than
those fed on natural pastures alone.

ACKNOWLEDGEMENTS

The authors are grateful to the Rockefeller Foundation
for funding the research work through the Legume
Research Network Project of the Kenya Agricultural
Research Institute. The authors are also grateful to
Mwalimu Gaddiel, the farmer who allowed this study
to be carried on his farm.

REFERENCES

Bationo, A. 2008. Integrated soil fertility management
options for agricultural intensification in the
Sudano-Sahelian zone of West Africa.
Academy Science Publishers and Tropical
Soil Biology and Fertility (TSBF) of CIAT.

Bationo, A., Buekert, A., Sedogo, M.P, Christianson,
B.C, Mokwunye, A.U. 1995. A critical
review of crop-residue use as soil amendment
in the West African semi-arid tropics. In:
Powell J.M, Fernandez-Rivera S., Williams
T.O, Renard, C. (eds). Livestock and



Macharia et al., 2011

sustainable nutrient cycling in mixed farming
systems of sub-Saharan Africa. Volume II:
Technical papers. Proceedings of an
International Conference. 22-26 November,
1993. ILCA, Addis Ababa, Ethiopia. pp 305-
322.

Brady, N.G. 1984 The nature and properties of soils
(9th Ed.). Macmillan Publishing Company,
New York

Bricker, B. (Ed). 1990. MSTAT-C: A software

program for the design, management and

analysis of agronomic research experiments.

Michigan State University, USA.

Chemining’wa, G.N., Njarui, M.D.G., Gitari, J.N and
Maobe, S.N. 2006. Response of green manure
legumes to P application and rhizobia
inoculation. In:  Mureithi et al. (eds)
Development and up-scaling green manure
legume technologies in Kenya. Kenya
Agricultural Research Institute. pp 45-60.

Cherr, C.M., Scholberg, J.M.S., McSorley, R. 2006

Green manure approaches to crop production:

A synthesis. Agronomy Journal 98: 302-319.
Crespo, G., Rodriguez, 1., Dias, M.F. and Lok, S.
2005. Accumulation and decomposition rates
and N, P, and K returned to the soil by the
litter of tropical legumes and grasses. In:
O’Mara et al (eds). Proceedings of the XX
International Grassland Congress: Offered
papers. Wageningen Academic Publishers,
the Netherlands. pp 742.

FAO. 1997. FAO/UNESCO Soil map of the world.
World Soil Resources Report 60. Food and
Agriculture Organization of the United
Nations, Rome.

Giller, K.E. and Wilson, K.J. 1991 Nitrogen fixation in
tropical cropping systems. CAB International,
United Kingdom.

Giller, K.E. 2001 Nitrogen fixation in tropical

cropping systems (2" Ed). Department of

Soil Science and Agricultural Engineering,

University of Zimbabwe, Harare.

Grace, J, Jose, J.S., Meir, P, Miranda, H.S. and
Montes, R.A. 2006. Productivity and carbon
fluxes of tropical savannas. Journal of
Biogeography 33: 387-400.

Guretzky, J.A., Moore, K.J., Burras, C.L., Brummer,
E.C. 2004. Distribution of legumes along
gradients of slope and soil electrical

226

conductivity in pastures. Agronomy Journal
96:547-555.

A., Gizachew, L., Rethman, N.F.G., and
Niekerk, van W.A. 2007. Influence of under
sowing perennial forages in maize on grain,
fodder yield and soil properties in the sub-

Hassen,

humid  region of western Ethiopia.
African Journal of Range & Forage Science.
24 (1): 35-41.

Hafner, H., Ndunguru, B.J.,, Bationo, A. and
Marschner, H. 1992. Effect of nitrogen,
phosphorus and molybdenum
application and growth and N fixation of
groundnut in an acid sandy soil in
Niger. Fertilizer Research. 31: 69-

77.

Jaetzold, R., Schmidt, H., Hornetz, B. and Shisanya,
C. 2006. Farm management handbook of
Kenya: Vol. Il Subchapter C1. Ministry of
Agriculture, Nairobi.

Karuku, G, Gachene, C.K.K. and Macharia, P. 2006.
Soil water behaviour under different cover
crops and different residue
management practices. In: Mureithi et al.
(eds). Development and up-scaling green
manure legume technologies in Kenya.
Kenya Agricultural Research Institute. pp
171-199.

Landon, J.R. (ed). 1984. Booker Tropical Soil Manual:
A handbook for soil survey and agricultural
land evaluation in the tropics and subtropics.
Booker  Agriculture International  Ltd.
Longman, New York.

Lascano, C.E. and Peters, M. 2007. Developing and
targeting multipurpose legumes: Exploiting
diversity to benefit farmers. In: Hare, M.D.
and Wongpichet, K. (Eds). Proceedings of an
International Forage Symposium ‘Forages: A
pathway to prosperity for smallholder
farmers. Faculty of Agriculture, Ubon
Ratchathani University, Thailand. pp 15-34.

LRNP. 1999 Legume Research Network Project

Newsletter. Issue No.1. Kenya Agricultural

Research Institute, Nairobi.

Marschner, H. 1995. Mineral nutrition of higher Plants
(2™ Ed). Academic Press, London.

Miles, N. and Manson, A.D. 2000 Nutrition of planted
pastures. In: Tainton, N.M. (ed). Pasture
Management in South Africa. University of



Tropical and Subtropical Agroecosystems, 14 (2011): 221 - 227

Natal Press, Pietermaritzburg, South Africa.
pp 180-232.

Mureithi, J.G., Tayler, R.S., Thorpe, W. 1994. The
effects of alley cropping with Leucaena
leucocephala and of different management
practices on the productivity of maize and soil
chemical properties in lowland coastal Kenya.
Agroforestry Systems 27: 31-51..

Muriuki, A.W., Qureshi, J.N.. 2001. Fertiliser Use
Manual. Kenya Agricultural  Research
Institute, Nairobi.

Njarui, D.M.G., Beattie, W.M., Jones, R.K. and
Keating, B.A. 2004. Evaluation of forage
legumes in the semi-arid region of eastern
Kenya. |. Establishment, visual bulk rating,
insect pests and diseases incidences of a range
of forage legumes. Tropical and Subtropical
Agroecosystems 4:33-55.

Njunie, M.N., Reynolds, L., Mureithi, J.G. and
Thorpe, W. 1996 Evaluation of herbaceous
legume germplasm for coastal lowland East
Africa. In: Ndikumana, J., de Leeuw, P. (eds).
Sustainable feed production and utilization
for smallholder livestock enterprises in sub-
Saharan Africa. Proceedings of the Second
African Feed Resources Network (AFRNET).
6-10" December, 1993. Harare, Zimbabwe.
pp 11-18.

Nyathi, P., Kimani, S.K., Jama, B. 2003. Soil fertility
management in semi-arid areas of East and
Southern Africa. In: Gichuru, M.P., Bationo,
A., Bekunda, M.A. (eds). Soil fertility
management in  Africa: A  regional
perspective. TSBF-CIAT, Nairobi. pp 219-
252.

Ojwang’, G.O., Wargute, P.W. and Njino, L.W. 2006.
Trends and spatial distribution of large
herbivores in Kajiado District (1978-
2000). Department of Resource Surveys and
Remote Sensing. Technical Report No. 161.

Ministry of Environment and Natural
Resources. Government of Kenya.

Okalebo, J.R., Gathua, K.W. and Woomer, P.L.. 2002.
Laboratory methods of soil and plant
analysis: A working manual (2" Ed).
TSBF-CIAT and SACRED Africa, Nairobi.

Rowell, D.L.. 1994. Soil science: Methods and
applications. Department of Soil Science,
University of Reading. United Kingdom.

Rutunga, V., Karanja, N.K. and Gachene, C.K.K.
2001. Decomposition rates of biomass
obtained from six month-old Tephrosia
vogelii, Tithonia diversifolia and natural
fallow vegetation at Maseno, Kenya.
Biological Agriculture and Horticulturg,19:
49-62.

Skerman, P.J., Cameron, D.G. and Riveros, F. 1988.
Tropical forage legumes (2™ Ed.). FAO,
Rome.

Sombroek, W.G., Braun, H.M.H., Pouw, van der
B.J.A. 1982. Exploratory soil map and agro-
climatic zone map of Kenya. E1 Report.
Kenya Soil Survey, Nairobi.

Thomas, R.J. and Lascano, C.E. 1995. The benefits of
forage legumes for livestock production and
nutrient cycling in pasture and agropastoral
systems of acid-soil savannas of Latin
America. In: Powell et al. (Eds). Livestock
and Sustainable Nutrient cycling in mixed
farming systems for sub-Saharan Africa.
Volume 1. 22-26" November, 1993. ILCA,
Addis Ababa, Ethiopia. pp 277-292.

Thonnissen, C, Midmore, D.J., Ladha, J.K., Olk, D.C.
and Schmidhalter, U. 2000. Legume
decomposition and nitrogen release when
applied as green manures to tropical vegetable
production systems. Agronomy Journal 92:
253-260.

Submitted November 21, 2009 — Accepted May 25, 2010
Revised received June 01, 2010



