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Abstract
The productivity potential of dry lands is usually low hence normal crop production is usually next to
impossible. This places greater value on the perennial vegetation, especially multipurpose trees and shrubs
which too require some form of water management. Sesbania sesban, Gliricidia sepium, Casuarina
equisetifolia, Grevillea robusta and Eucalyptus grandis seedlings were planted on micro-basins, semi-circular
bunds, V-shaped bunds, sunken pits and a control pit at the beginning of the rainy season in March 2007. The
experiment was replicated three times. Survival rate, height and root collar diameter measurements were taken
during planting and subsequent data collected after every two months throughout the study period of nine
months. Data was analyzed by use of GENSTAT 5.0 and the significant means were separated using LSD at P ≤
0.05. Use of micro-catchments improved seedling survival by between 32.1% and 85.7% while Individual trees
species survival varied from 68.3% to 89.2% with Grevillea robusta being the best performer. The different
species depicted significantly (P ˂ 0.05) better growth in height and Root collar Diameter (RCD) at different
levels in micro-catchments as compared to the control. Micro-basins posted comparatively higher growth in
both height and growth for all the tree species. The use of micro-catchments can improve the survival and
growth of adaptable trees in semi-arid environments.
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Introduction

Numerous water-harvesting projects have failed

Land rehabilitation is a key factor in dry lands as

because the technology used proved to be unsuitable

they are classified by low poorly distributed and

for the specific conditions of the site (Siegert, 1994).

highly variable rainfall and it is almost impossible to

The success of micro-catchments depends on

plant trees without some form of water management

climate, soil type and slope of the planting site.

(Rocheleau et al., 1988). Water stress in these areas

Ochieng et al., (1989) reported that although micro-

is the major cause of mortality and poor seedling

catchments had been extensively used in Turkana

performance during establishment. It is therefore

District, limited research has been done to develop

essential to avoid water stress and the effects of

local suitability. Bunch (2000) emphasized on

negative microclimatic factors on tree establishment.

research need for micro-catchment water harvesting

Therefore,

conducive

techniques

that

ensure

increased

moisture availability, reduced wind speed, and

to

specific

agro-climatic

and

socioeconomic environment.

reduced evaporation should be used. Of the few
options available, water harvesting technology is

This study aimed to fill the gap of lacking

currently the most economical means by which

information on the site suitability of sunken-pits,

survival of young seedlings can be enhanced (Hai,

micro-basins, v-shaped bunds and semi-circular

1996).

bunds by assessing their effectiveness in the
establishment of Sesbania sesban, Gliricidia sepium,

Rainwater harvesting is a method for inducing,

Casuarina equisetifolia, Grevillea robusta and

collecting, storing and conserving local surface

Eucalyptus grandis seedlings in terms of survival

runoff for agriculture in arid and semi-arid regions

rate, RCD (cm) and height (cm) in Nyando District

(Boers and Ben-Asher, 1982). Micro-catchment

which is characterized by erratic rainfall patterns,

water harvesting (MCWH), which may be defined as

seasonal flooding, huge gullies and very shallow top

the collection of surface runoff from a runoff area

soils (Kung’u and Namirembe, 2012).

over a distance of less than 100 m and storing it for
consumptive use in the root zone of an adjacent

Materials and methods

infiltration basin, is a technique for growing crops in

Study area

arid areas where precipitation is inadequate and

The experiment was conducted in Nyando District,

irrigation water is lacking (Boers and Ben-Asher,

Western Kenya which lies at 0°9' 32.4" south and

1982; Sharma et al., 1986; Oweis et al., 1999; Yan Li

34°58' 51.6" east. It is a Humid to sub humid

et al., 2005).

lowland with an average rainfall (bimodal in nature)
of 450 mm to 1000 mm per annum and an altitude

In Kenya, micro-catchments have been used to

of 1,212 m. The temperatures range from 23°C to

establish trees in Machakos and west Pokot Districts

30°C (Republic of Kenya, 2007). The soils in the area

(Cheboi 1997). Some of the micro-catchments that

are clay loam in texture with a hard pan within the

have been used include the sunken pits, contour

first 20 cm and have an impeded drainage (Verchot

ridges, V-shaped bunds and semi-circular bunds and

et al., 2008) and are characterized as Vertisols and

they have been found to be effective as they act as

Ferralsols with the sub-soils being sodic and having

litter

water

less stable aggregates (Waruru et al., 2003). The

reduce

vegetation in the area is mainly grassland dominated

evaporation. The size and layout of these micro-

by Eragrostis spp and Digitaria spp used grazing and

catchments varies according to the local ecological

shrubs of Aloe vera, sisal and Acacia spp. It is

conditions and the intended use (Rocheleau et al.,

characterized by small farm sizes (averaging less

1988).

than 1 ha) and low agricultural potential due to low

traps,

availability,

hence,
reduce

ensuring
run-off

increased

speed

and

and erratic rainfall. The site has high levels of
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poverty and serious environmental degradation,

Sunken pits

including declining tree cover, serious soil erosion

The pits were dug 40 cm deep, with a top opening of

and declining soil fertility (Hijmans et al., 2005)

60 by 60 cm and gradually narrowing towards the
bottom, effectively forming a cone-shaped pit. The

Experimental design and treatments

seedlings were then planted below ground level. Top

The experiment was set up in March 2007. Sesbania

soil was filled back only to the level of the seedlings

sesban, Grevillia robusta, Eucalyptus grandis,

root collar, leaving the plant in protected hole, with

Gliricidia sepun and Casuaria equisitifolia were

the root collar approximately 25 cm below ground

planted in different micro-catchments viz: sunken

level (Fig 1A).

pits, micro-basins, v-shaped bunds, semi-circular
bunds and a control (where conventional planting

Micro-basins

hole was used) were laid down and replicated three

The basins had a diameter of 30 cm and a depth of

times in a split plot design. For each treatment, 8

20 cm (Fig. 1B).

seedlings of for each species were planted. Therefore,
a total of 120 seedlings for each species were planted

V-shaped bunds

in each treatment. One shovel full of manure was

The V-shaped micro-catchments had a top opening

added and mixed with the soil before filling back the

of 1m and a height of 1m. The pit size was 30 cm by

holes. The plots were fenced off to avoid browsing by

30 cm while the bund had a height of 20 cm with a

animals,

base width of 20 cm and crest width of 10 cm (Fig.

spot

weeding

and

micro-catchment

maintenance was done after every 2 months during

1C).

data collection.
Semi circular bunds
Semi-circular bunds were constructed with their tips
along the contour. The heights of the bunds
decreased from the center to the tips. The semicircles were 30 cm in radius with height of 40 cm;
the bund had a base width of 20 cm and crest width
of 10 cm. The planting hole of the semi-circular bund
was 20 cm by 20 cm (Fig. 1D).
Fig. 1. Different Micro-catchments designs used in
Nyando District.

Control pit
This consisted of pits with dimension of 40 by 40 by

The species used were selected depending on the

40 cm. For the planting, virtually all the soil removed

farmers’ preference in the area and were randomly

was filled back in to the planting hole, thus

allocated to the various treatments by use of random

establishing the seedling at ground level (Fig. 1E).

numbers derived from random number tables.
Data collection
Construction of micro-catchments

Parameters measured included; survival rate (%),

The area for each micro-catchment was calculated,

height

and then delineated on the ground and cleared of

Measurements were taken at time of planting as well

vegetation.

as the number of seedlings recorded and subsequent

follows:

The planting pits were prepared as

(cm)

and

root

collar

diameter

(cm).

data collected after every two months for nine
months where all saplings were systematically
measured. All the surviving seedlings planted were
counted and considering survival is not always a
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clear-cut parameter; it was taken to refer to the
presence of living trees, even if it is not completely
healthy (Wood et al., 1991). The height (cm) was
directly measured at the highest point above ground
attained by the main stem of the seedling (Wood et
al., 1991) by use of a height stick. RCD (cm) was
measured on the stem at the point close to the
ground level by use of a venier caliper.
Data analysis
Data was analyzed by use of GENSTAT 5.0 and the
significant means were separated using LSD at P ≤
0.05.
Fig. 2. Survival rate of the MPTS in micro-

Results and discussion
Survival rate of different MPTS in the different
micro-catchments in Nyando District
The overall survival was 78.3% for the different
treatments and species. Grevillea robusta had the
highest survival of 89.2% compared to the rest of the
tree

species:

Casuarina

equisetifolia

80.0%,

Eucalyptus grandis 74.2%, and Gliricidia sepium
82.5% while Sesbania sesban exhibited the least
survival

of

68.3%.

For

the

different

micro

catchments, survival was highest in the micro basins
(86.7%) and also in the semi-circular bunds (85.8%).
V-shaped bunds had an average survival rate of
81.7%. Sunken pits had the lowest survival of 78.3%
in comparison to the other micro-catchments while
the control had the least overall survival of 60.8%.
The survival of the different tree species in the
different micro catchments is shown in Fig. 2.

28.8 and 42.5 % in comparison to those planted in
the control. The results strongly indicate that microcan

significantly

increase

tree

establishment and their long term survival in dry
lands as the trees grown in the micro-catchments
posted better survival. These results are similar to
that reported by Ochieng et al., (1989) that microcatchments improved survival rate of tree seedlings
by about 42 %.

The survival rate of different tree species varied in
the dry lands and was mainly affected by the
availability of moisture for growth, their degree of
resistance to water stress and resistance to water
logging. Soil type, that is, clayey loam soils (Macviar,
1977) and the presence of hard pan within the first
20 cm of the soil profile in the area also played a
great role on survival as it could hold water for
longer periods during the rainy seasons and at the
onset of the dry spells. The high survival in Grevillea
robusta was due to the fact that they can do well in
warm, humid and sub-humid areas (Doran and
Turbull, 1997). Their survival failures could be
attributed to water logging as they favor well drained
soil (Fenton et al., 1997). The survival of Casuarina
equisetifolia was relatively average; this can be

The micro-catchments improved survival by between

catchments

catchments in 9 months after transplanting.

attributed to the soil type in Nyando that was quite
heavy for their survival as they cannot tolerate heavy
soils (Wagner et al., 1999). A lapse in soil moisture
during early growth of Eucalyptus grandis became
threat to its survival (NAS, 1980) while the partial
water logging in some treatments boosted their
survival although the lack of free draining soil could
have also lead to failures in some instances (NAS,
1980). Although Gliricidia sepium require high
rainfall for their survival, their average survival could
be attributed to the presence of moisture in the soil
accumulated in the micro-catchments (Maundu and
Tengnäs, 2005). Although Sesbania sesban attained
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the greatest heights and RCD compared to the other

water logging was discharged in the spaces between

species, its survival of was generally low. The low

two consecutive bunds (FAO, 2005). Further, in

survival could be attributed to the soil type in the

semi-circular and V-shaped bunds, water was

Nyando area and also the altitude was quite high as it

collected in the hoop (near the planting hole) to

does best in areas that are below 1200 m above sea

allow greater infiltration. Sunken pits could hold the

level (Maundu and Tengnäs, 2005).

most water but depicted the least survival among the
four micro-catchments. This was due to water

Micro-basins

posted

the

highest

survival

in

comparison to the other micro-catchments, this

logging and those species that could not tolerate
some degree of water logging could not survive.

could be attributed by the fact that it could hold a lot
of water but not too much to choke the seedlings due

Performance of MPTS in the micro-catchments at 9

to its size (smaller in comparison to the other micro-

months in Nyando District

catchments). Excess water in the semicircular and Vshaped bunds which could otherwise have led to
Table 1. Growth in RCD of different MPTS in micro-catchments in Nyando District 9 months after transplanting.
RCD (CM)
Sesbania

Casuarina

Gliricidia

Eucalyptus

Grevillea

Micro-catchment

sesban

equisetifolia

sepium

grandis

robusta

Sunken pits

1.70bc

0.90ab

0.91bc

0.70a

0.93c

micro-basins

1.80ab

0.93a

1.14a

0.67ab

1.16a

V shaped bunds

1.73b

0.87b

0.97b

0.70a

1.03b

Semi-circular bunds

1.97a

0.90ab

0.94bc

0.60b

1.17a

Control

1.43c

0.77c

0.89c

0.60b

0.77d

*Means not connected by same letter within a column are significantly different according to LSD at P≤0.05.
Table 2. Growth in height of different MPTS in micro-catchments in Nyando District 9 months after
transplanting.
Height (CM)
Micro-catchment

Sesbania

Casuarina

Gliricidia

Eucalyptus

Grevillea

sesban

equisetifolia

sepium

grandis

robusta

Sunken pits

216.5b

157.9d

81.3ab

157.8b

79.7bc

micro-basins

258.9a

170.5b

83.7a

162.0ab

90.3a

V shaped bunds

242.4ab

174.7ab

78.2b

165.2a

84.3b

Semi-circular bunds

221.7b

179.5a

84.7a

161.0ab

84.6b

Control

167.3c

164.1c

74.6c

147.4c

73.1c

*Means not connected by same letter within a column are significantly different according to LSD at P≤0.05.
The growth in RCD and height of MPTS varied in the

greatest height and RCD by the end of the study

different micro-catchments at the end of the study

period. Sesbania sesban grown in micro-catchments

period as shown in Table 1 and Table 2. Of the

performed significantly better than those grown

different MPTS, Sesbania sesban attained the

conventionally by 18.9-37.8 % in RCD (Table 1) and
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29.4-54.8 % in height (Table 2). Its good growth can

height and RCD could be attributed to the presence

be attributed to the fact that Sesbania sesban is

of moisture in the soil accumulated in the micro-

generally fast growing and can reach 4-5 m in just 6

catchments. The species attained a height of 76.2-

months on the right sites (Maundu and Tengnäs,

84.7 cm in 9 months (Table 2) in the different micro-

2005). Sesbania sesban can also tolerate water-

catchments and was higher than the control by 4.6-

logging

seasonally

13.5 %. The growth in height and RCD was generally

waterlogged environments with a minimal dry

lower as the tree grows rapidly at a rate of 1–2 m/yr

season (Evans and Macklin, 1990) which was the

in height and 2 cm/yr in RCD in early years (Elevitch

case in micro-catchments. The growth in height of

and Francis. 2006). Despite the fact that Gliricidia

Sesbania sesban was comparable to that obtained by

sepium can tolerate rocky (shallow or skeletal) soil, it

Nzioka et al., (1991) of 244.0 cm growth in height

grows poorly on poorly aerated soils as is the case in

within six months in semi-arid environment of

Nyando. Its performance could also be attributed to

Eastern Kenya.

the erratic rainfall in the region as the species

and

is

ideally

suited

to

requires evenly distributed rainfall throughout the
The growth rate of Casuarina equisetifolia was

year (Elevitch and Francis. 2006).

relatively average as indicated in Table 1 and Table 2.
Casuarina equisetifolia planted in micro-catchments

Height and RCD growth in Eucalyptus grandis was

performed significantly better than those grown in

relatively lower than the expected 2-3m height

the control. In the different micro-catchments, semi-

increment annually under optimal environmental

circular bunds attained the greatest height while

conditions over the first 10 years (Norman et al.,

those in sunken pits posted the least growth in

1970). Eucalyptus grandis planted in the micro-

height.

can

catchments performed better that those in the

withstand partial water logging for some time, they

control attaining a height and RCD that was 7.1- 12.2

grow poorly on heavy soils such as clay soil (Wagner

% and 11.6-16.6 % higher respectively (Table 1 and

et al., 1999) which is the soil type in Nyando area.

Table 2). The lower growth rate could be as a result if

Sunken pits could hold water for a long period hence

the limited moisture in the area and also the shallow

the planting site was actually flooded during the

clay loam soils that are not free draining (Boland et

rainy season. Lack of free draining soil and a flooded

al. 1986). This is so as Eucalyptus grandis needs a

planting hole could have led to the poor development

deep, free-draining soil, and does best on fertile loam

of Casuarina equisetifolia seedlings especially in the

or clay-loam soils.

Although

Casuarina

equisetifolia

sunken pit whose growth in height was 3.7 % lower
as compared to the control (Table 2). On the other

The growth in Grevillea robusta in height and RCD

hand, the RCD in the sunken pits (Table 1) was 16.9

was significantly higher in the micro-catchments

% greater than the control. Altitude might have also

(8.5-23.5 %) in comparison with the control. There

influenced the growth of this species as it does well

were differences in the performance of the tree also

in lower altitudes of up to 1 500 m (Duke 1983;

in the different

Snyder 1992). The growth in height and RCD of

established

Casuarina equisetifolia was generally lower in

different in height from the others by 7.2-13.5%

comparison to that reported in coastal Kenya of

(Table 2). The height and RCD of trees planted in

annual height increase of 2.2 m and 1.3cm in

sunken pits were significantly lower than trees

diameter per annum increase in 9 years of tree

planted in micro-catchments. This observation can

growth (Whistler and Elevitch, 2006).

be attributed to the fact that Grevillea robusta

in

micro-catchments with

micro-basins

being

those

significantly

requires free draining with enough precipitation for
Although Gliricidia sepium requires high rainfall

its optimal growth (Maundu and Tengnäs, 2005).

(Maundu and Tengnäs, 2005), their performance in

Sunken pits were generally water logged during the
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rainy season where as the control pits could not hold

Acknowledgement

any water to support maximum tree growth rates

The authors would like to acknowledge World

and hence the low increment in height and RCD of

Agroforestry

Grevillea robusta in the two treatments. Although

programme for their funding.

Centre

(ICRAF)

through

ANAFE

the growth of was low compared to the expected
increments in conducive environments of 2 m in

References

height and 2 cm in diameter annually over the first

Boers ThM, Ben-Asher J. 1982. A review of

five years (Booth and Jovanovic, 1988), it was

rainwater

comparable to the mean annual increment of from

Management 5, 145-158.

harvesting.

Agricultural

Water

1.3 to 3.3 cm in diameter and from 0.5 to 3.4 m in
height obtained in 21 different sites in Uganda

Boland DJ, Brooker MH, Chippendale G M,

(Kriek, 1967)

Hyland N, Johnston RD, Kleinig DA, Turner
JD. 1984. Forest trees of Australia. Nelson-CSIRO

Conclusion

Melbourne, Australia, 687.

The use of micro-catchments in Nyando District for
tree establishment in the farms has the capacity to

Bunch R. 2000. Keeping it simple: what resource

improve the survival and growth of the established

poor farmers will need from agricultural engineers

tree. This can be deduced from the results of the

during the next decade. Journal of Agricultural

experiment as all the seedlings planted in the micro-

Engineering Research 76, 305-8.

catchment systems not only posted a better survival
but also had a higher growth rate as compared to

Cheboi J. 1997. Results of an Establishment

those raised in the conventional planting method.

Experiment 1988-1993. ASAL’s Afforestation Trials
in Kitui, Kenya. In Kenya Forestry Research Institute

This study showed that, a combination of better

Newsletter No. 26 January, 1997.

species selection with the use of appropriate microcatchments in Nyando District has the capacity to

Doran JC, Turnbull JW. 1997. Australian Trees

greatly increase tree survival and growth. It is also

and Shrubs: Species for Land Rehabilitation and

important to select appropriate micro-catchment

Farm Planting in the Tropics. ACIAR Monograph

systems to be used as the different micro-catchment

No.

systems posted different survival and growth rates.

Agricultural Research, Canberra.

24.

Australian

Centre

for

International

The ability of an individual micro-catchment system
to not only hold enough water but to discharge

Duke JA. 1983. Casuarina equisetifolia JR and G

excess water and hence enhance survival of different

Forst. Center for New Crops and Plant Products,

tree species is an important attribute to be

Purdue University.

considered

while

choosing

a

micro-catchment

system.

Elevitch CR, and Francis JK. 2006. Gliricidia
sepium (gliricidia), ver. 2.1. In: Elevitch CR. ed.

Better species selection in Nyando District has the

Species Profiles for Pacific Island Agroforestry.

capacity to greatly increase forest establishment and

Permanent Agriculture Resources (PAR), Hōlualoa,

cover in the area. This is so as the different tree

Hawai‘i.

species responded differently in terms of their
survival and growth to the use of micro-catchments.

Evans DO, Macklin B. 1990. Perennial Sesbania

Therefore, the search for more adaptive and

Production and Use. NFTA (Nitrogen Fixing Tree

productive species could lead to greater tree

Association) Hawaii, USA, 41.

establishment over time in the area.

23

FAO.

of

Norman H. 1970. Blue-leaved mallee, Eucalyptus

Drylands. Food and Agriculture Organization of the

2005.

Properties

polybractea R.T. Bak. syn. E. fruticetorum F. Muell

United

in part (Forest tree series). Dept. of National

Nation/United

and

Management

Nation

Environment

Program, Rome.

Development, Forestry and Timber Bureau.

Fenton R, Roper RE, Watt GR. 1977. Lowland

Nzioka SM, Menin L K, Dzowela BH. 1991. The

tropical hardwoods. An annotated bibliography of

evaluation of Sesbania sesban var nubica and

selected species with plantation potential. Ministry

Sesbania goetzei in a semi-arid environment in

of Foreign Affairs,

eastern Kenya. Collaborative Research on Sesbania

Wellington, New

Zealand,

unpaged.

in East and Southern Africa. Proceedings of an
AFRNET Workshop held in Nairobi 9–14 September

Hai MT. 1996. Water Harvesting Experiences for

1991. African Feed Research Network. Nairobi,

fruit production in ASAL areas of Kenya: A case

Kenya ISBN 92–9053–266–1 Printed at ILCA, Addis

study of Kaumoni Demonstration, Mwingi District.

Ababa, Ethiopia.

Paper presented at the First National Agroforestry
Conference, 25-29 march 1996, Muguga, Nairobi,

Ochieng EO, Muturi GM, Stewart M. 1989. Tree

Kenya.

Establishment and Protection. In A Dryland Forestry
Handbook for Kenya. Kenya Forestry Research

Hijmans RJ, Cameron SE, Parra JL, Jones
PG,

Jarvis

A.

2005.

Very

high

Institute, Nairobi.

resolution

interpolated climate surfaces for global land areas.

Oweis T, Hachum A, Kijne J. 1999. Water

International Journal of Climatology 25, 1965-1978.

harvesting

and

supplementary

irrigation

for

improved water use efficiency in dry areas. SWIM
Kriek W. 1967. Report on species and provenance

Paper 7, International Water Management Institute,

trials on montane forest sites in Kigezi District.

Colombo, Sri Lanka, 41

Uganda Forest Department, Technical Note 140,
Kampala, 67.

Republic of Kenya. 2007. Food Security District
Profile, Nyando District, Nyanza Province.

Kung’u JB, Namirembe S. 2012. The Nyando
Atlas: Mapping out the Ecosystem Condition by Agro

Rocheleau D, Weber F, Field JA. 1988.

Ecological Landscape of Nyando River Basin. World

Agroforestry in Dryland Africa. World Agroforestry

Agroforestry Centre, Nairobi, Kenya.

Centre, Nairobi, Kenya.

Macviar CN. 1977. Soil Classification. A Binomial

Sharma KD, Pareek OP, Singh HP. 1986.

System

Microcatchment water harvesting for raising Jujube

for

South

Africa.

Pretoria:

Dept

of

Agricultural Technical Services

orchards in an arid climate. Trans. ASAE 29 (1), 112–
118.

Maundu P, Tengnas B. 2005. Useful Trees and
Shrubs for Kenya. Nairobi: World Agroforestry

Siegert K. 1994. Introduction to water harvesting.

Centre, 484

Some basic principles for planning, design and
monitoring.

In:

NAS. 1980. Firewood crops. Shrub and tree species

Improved

Agricultural

for

Consultation, Cairo, Egypt 21-25 Nov. 1993, p. 9-23,

energy

production.

Sciences, Washington, DC.

24

National

Academy

of

FAO, Rome. 60.

FAO,

Water

Harvesting

Production.

For

Expert

Snyder SA. 1992. Species: Casuarina spp., U.S.

(SSSEA), Annual Conference, 21, Nairobi (Kenya),

Department of Agriculture, Forest Service, Rocky

Kenya Agricultural Research Institute,47-56.

Mountain

Research

Station,

Fire

Sciences

Laboratory, Fire Effects Information System.

Whistler WA, Elevitch CR. 2006. Casuarina
equisetifolia

(reach

she-oak)

and

C.

Verchot L, Boye A, Zomer R. 2008. Baseline

cunninghamiana (river she-oak), ver. 2.1. In:

Report:

Elevitch CR, ed. Species Profiles for Pacific Island

Nyando

River

Basin,

Western

Kenya

Integrated Ecosystem Management Project Findings

Agroforestry.

Permanent

from the Baseline Surveys, International Centre for

(PAR), Hōlualoa, Hawai‘i.

Agriculture

Resources

Research in Agroforestry, Nairobi, Kenya.
Wood PJ, Burley J. 1991. A Tree for All Reasons:
Wagner WL, Herbst DR and Sohmer SH. 1999.

The Introduction and Evaluation of Multipurpose

Manual of the flowering plants of Hawaii. Revised

Trees in Agroforestry. ICRAF, Nairobi-Kenya.

edition.

Bernice

P.

Bishop

Museum

special

publication. University of Hawai‘i Press/Bishop

Xiao-Yan L, Lian-You L, Shang-Yu Gao, Pei-

Museum Press, Honolulu,1919.

Jun

S,

Xue-Yong

Microcatchment

water

Z,

Chun-Lai

harvesting

for

Z.

2005.

growing

Waruru BK, Wanjogu SN, Njoroge CRK,

Tamarix ramosissima in the semiarid loess region of

Wagate, PN. 2003. Erosion hazard within the river

China. Forest Ecology and Management 214, 111–

Nyando catchment, Lake Victoria basin, Kenya.

117.

Proceedings in Soil Science Society of East Africa

25

