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ABSTRACT
The effects of selected soil management

practices (conventional tillage, tied ridging and crop
residue mulching) on soil moisture conservation in a
semi-arid area of Kenya(Kalalu,Laikipia) were studied
during the short rains period, 1988, and long rains
period, 1989. Two test crops maize and beans were used to
monitor the effects of conserved moisture on crop
performance (emergence,height and ground cover) and
yield. Three treatments with three replications of each
practice under a completely randomised block design were
used in the study.Nine experimental plots,each of size 4m
by 10m were set up on a slope of 2%.

During the study period, soil moisture was
monitored on a weekly baéis using the neutron probe at
predetermined depths upto a maximum depth of 120cm. Crop
performance was also monitored on a weekly basis
throughout the crop’growing periods.Calibration of the
neutron probe was done for the soil (ferric Acrisol) at
two depth ranges: 0-90cm and 90-120cm. The need to
calibrate the probe for the 90-120cm depth arose due to
the presence of iron concretions within this depth range.

The results obtained from this study showed that
overall, crop residue mulching despite lagging behind in
seedling emergence, did conserve more moisture throughout

the two crop growing periods and had a better crop

\
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performance and yield than the other two practices. The
vigorous crop growth and good ground cover under residue
mulch was attributed to a high soil moisture content in
the soll profile. The tied ridged plots had the lowest
amount of so0il moisture and hence the poorest crop
performance and yield. Thus the application of surface
crop residue mulch seems to be the best soil management
practice for increased soil moisture conservation and

improved crop perfomance and yield in Kalalu, Laikipia.




1. INTRODUCTION

1.1 General Background

Over the past two to three decades, Kenya has been
experiencing some unprecedented population growth rate
which has currently reached 3.9% per annum. This
population pressure 1is more evident in high/medium
rainfall areas (occupying about 20% of the total land
area) where land has been fragmented into very small
unmanageable holdings that can no longer provide adequate
subsistence food requirements for this ever increasing
population. Consequently, migration of people from these
densely populated high/medium potential areas to the
sparsely populated low pgtential areas has exposed the
fragile ecology of arid and semi arid lands (ASAL) to all
forms of soil and vegetation degradation. - Soil and
vegetation degradation in ASAL is quite widespread and
has been attributed to human mismanagement of the limited
land and water resources through bad practices such as
deforestation and overgrazing; These poor land and water
management practices do seriously threaten the survival
of the people in ASAL and therefore appropriate
interventions should be introduced to reverse this trend
of environmental decline.

Current agricultural research efforts in ASAL areas
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of Kenya, are focused on intensive and efficient
utilization of the very limited soil and water resources.
This research is aimed at developing land use practices
that are compatible with the prevailing area specific
environmental conditions. It is also aimed at reducing
any significant soil and water losses and increasing in
situ soil moisture in the soil profile and eventually
increasing crop yields.

Whereas most of the soils in ASAL are of high
agricultural potential,the major 1limiting factor to
optimum crop growth is soil moisture. These low soil
moisture conditions in ASAL are attributed to the low
infiltrability of the soils due to surface sealing and
crusting phenomena caused by among other things low
organic matter content} in the soils. Furthermore
relatively low, erratic and poorly distributed rainfall
in the ASAL has also significantly contributed to this
soil moisture deficit. Rainfall in ASAL,though low and
erratic is of very high intensity and short duration and
hence highly erosive. Rainfall impact causes surface
sealing and crusting of bare soils and thus resulting in
very high runoff water losses. It is these runoff water
losses that must be harnessed and conserved in the soil
in situ to sustain crop growth. Therefore the primary
objective of any dry land farming in marginal rainfall

'areas should be to harvest and conserve rain water. This
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calls for soil management practices that not only improve
rain penetration but also conserve adequate soil moisture
for plant growth. Conservation wusing among other
practices contour bunds and terraces,helps to check and
control surface runoff water flow. These conservation
practices should be supported by systems of cultivation
designed to improve rain water infiltration and storage-
within the soil profile (Macartney, 1970). Some of these
methods include furrow diking (tied ridging), terracing,
mulching and contour cultivation (Jones, 1981). In arid
and semi arid areas, farming has been practiced to
increase infiltration and conservation of rain water
(Baver,et al.,1983). The use of surface mulches for
instance, significantly influences the thermal properties
of soil and minimizes evéporation water losses. Under
marginal rainfall conditions, tillage practices developed
for dry land farming aim at modifying soil physical
properties to consgfve soil moisture and increase yields
(Stibbe and Hadas, 1977) Soil and water conservation
efforts should be seen as a priority and effective means
of increasing agricultural production in semi-arid areas.
In doing so, there is need for some back up research
especially in such practices as contour tillage, tied
ridging, grass planting and mulching (Arnon, 1972).
Some research conducted in Tanzania on tied ridges

"with crop residues and open ridges without crop residues

\
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showed that cereal crops on tied ridges with crop residue
mulch performed better than those on open ridges without
residue mulch (Jones and Mitawa, 1986). This good
performance of the crop in the mulched plots is
attributed to adequate conservation of soil moisture with
very minimal evaporation water losses. Therefore the
principles of soil and water management tend to encourage
the maintenance of optimum soil moisture for good crop
growth. Soil management is based on two broad practices,
that 1is, those which help infiltration at sufficient
rates and those which help to safely dispose off runoff
water from the field should rainfall exceed the
infiltrability of the soil (Lal, 1974). The best
intervention in solving soil and water related problems
in ASAL,is to develop soii management practices that can

conserve both soil and moisture.

1.2 Research Study Area

The site selected for this research study is located
.close to the Laikipia Research Programme's Station at
Kalalu (see figure 1).

The climate of this area is semi-arid and the site
falls within Agroclimatic zone IV (Sombroek, et al.
1980). The mean annual rainfall of the experimental site
is 749.5mm based on a 3 year period (table 1) and the

‘mean annual rainfall of the area based on 54 years of

\
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observations is 711.4mm (see table 2). The rainfall
distribution of the area is trimodal occurring in three
partially distinct peaks as can be seen in table 2 and
figure 2.

The two recognized seasons in the study area are the
short and long rains. The short rains start in October
and end in December and the long rains occur between the
months of March and May. The driest month in the area is
February with an average monthly rainfall of 1.3 mm and
the wettest month is April with an average rainfall of

187 .8mm.

Table 1: Mean Annual Rainfall, Kalalu Research site,
Laikipia (Based on 3 years data)

1
Year J F M A M J J A S 0 N D

86 11.1 3.9 35.2 302.7 90.4 135.1 49.2 69.2 93.8 24.5 19.5 55.3
87 25.8 0.0 9.5 46.6 130.5 100.7 36.8 56.2 0.0 17.5 87.7 8.0
88 9.0 0.0 52.3 214.6 73.9 38.4 93.6 52.7 95.1 98.6 77.9 33.5
MM 15.2 1.3 32.3 187.8 98.3 9.4 59.9 59.4 63.0 46.9 61.6 32.5
Yearly Mean 749.5

M. mean monthly.

[l

Table 2: Mean Annual Rainfall, Kalalu Farm, Laikipﬁa (Based on 54 years data)

Year J

F M A M J J A S 0 N D

15.2 18.6 33.6 102.5 117.4 57.9 69.1 71.1 52.1 64.1 80.2 29.6

Yearly mean 711.4
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The soils found in the study area have formed from
the Mt.Kenya phonolites and are classified as ferric
Acrisols (Ultisols) (see'appendix 1). The texture is
friable clay throughout the profile and iron concretions
were observed at a depth of 90cm and below. They are
well drained deep soils.

Kalalu has been for a long time a ranching area but of
late, the land has been fragmented into small holdings of
about 2 hectares area with subsistence farming as a
major form of land use. The most commonly grown crops

are maize, wheat, beans and english potatoes.

Rainfall (mm)

Time (months)

Figure 2: Rainfall distribution at Kalalu, Laikipia
\\
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Some livestock such as dairy and beef cattle, goats,
sheep and poultry are kept in the small holdings.

1.3 Significance of Study

The development of rainfed agriculture suited to
ASAL areas in Kenya, requires appropriate farming
technology to protect the very fragile and easily
degraded ecology for sustained agricultural productivity.
This calls for the development through relevant basic
research and extension services of suitable soil
management .techniques for soil and moisture
conservation. Such techniques should optimize and ensure
maximum utilization of the limited rain water by plants.
It is imperative that tillage practices developed for dry
land farming in ASAL, should focus on the improvement of
soil physical conditions?to conserve more moisture for
sustained crop growth and ultimately increase crop
yields.

This study therefore attempts té monitor, evaluate
and compare the effects of selected so0il management
practices such as tied rﬁdging, crop residue mulching and
conventional tillage on_in situ moisture conservation in
a semi arid area of Kenya. These practices should not
only conserve soil and moisture but also reduce surface
runoff. Thus the moisture conserved should sustain crop

growth during the dry periods.
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1975) have shown that no tillage with mulch cropping
préctices resulted in higher soil water content than
conventional tillage practices. Surface residues of
grasses and cereals were especially beneficial in
increasing soil water content through infiltration and
lower evaporation (Njihia, 1979). Mulches have been
shown to help conserve moisture and thus improving soil
physical properties. Consequently this would improve the
water holding capacity of soil (Koshi and Frywear, 1973).
Other studies have showed that a surface mulch cover on
sandy soils will increase the soil moisture storage
capacity reasonably (Frywear and Koshi, 1971). Kudzu

(Puereria phaseoloides) and guinea grass (Panicum

maximum) cutting when used as mulch conserved soil
moisture in the top 5ém during dry weather (Wade and
Sanchez, 1983). It has been shown that during a
prolonged drought,  mulching helped to conserve soil
moisture up to QQCﬁ depth in tea plots (Othieno, 1980).
In an experiment conducted in plots cultivated with
maize,the soil moisture status was enhanced by straw and
black plastic mulches (Lal, 1979). Black, (1973) showed
that application of mulching at the rates of 0, 1680,
3360 and 6730 kg/ha, increased available soil moisture
in the profile by 11.8, 13.2, 14.2 and 15.9cm
respectively. Unger (1978) found out that where there

was adequate crop residue mulch, no-tillage could
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The effect of mulches on crop growth and yield is
mainly through the reduction of evaporation,improvement
of so0il physical properties and hence increasing
infiltration, some decrease in soil temperature, an
increase in soil moisture storage, weed control and
making the nutrients available to the plants.

Mulch affects soil moisture through increased
infiltration, control of runoff, reduced evaporation and
weed control (Hillel,1980; Unger,1975; Njihia,1979;
Rockwood and Lal,1974; and Robert and Ekin, 1987).
Mulches are known to increase the water holding capacity
of the soil (Unger, 1975 and 1976). This increase in
infiltration is accomplished through some reduction of
surface runoff and evappration (Lal, 1974; FAO, 1965 and
Idike, et al., 1982). t'Experimental studies have shown
that surface mulches, when adequate, can increase water
storage during fallow as compared with no residue mulches
(Unger, 1978).~j‘vThe studies further showed that
precipitation storage,as soil moisture was significantly
affected by mulch rates during the 1973-74 and 1974-75
fallow periods. In 1973-74 the mulch rates of 0,1,2,4,8
and 12 tons/ha affected the precipitation storage by 2.3,
4.8, 4.4, 6.0, 10.5 and 13.3 cm respectively and in
1974-75, the same mulch rates affected precipitation
storage by 8.6, 12.5‘, 12.9, 12.3, 12.9 and 12.3, 12.9 and

12.8cm respectively. Other studies (Unger and Parker,

\




3. REVIEW OF LITERATURE

3.1 Crop Residue Mulch

Mulch is defined as any material at the surface of
the soil which can reduce soil moisture losses through
evaporation, keep weed growth down, increase
infiltrability of rain water in the soil profile,enhance
mineral nutrients availability and increase organic
matter in soils (Jacks,et al.1955). Unger (1975) defined
mulch as any material at the soil surface that is grown
and maintained in place but modified before placement.
Mulch can also be defined as any material processed or
manufactured and transported before placement. Stigter
(1987) defined mulch as a -shallow layer that appears at
the soil/air interface Witﬂ properties that differ from
the original soil surface layer. Some examples of
materials used for mulching are crop leaves and stalks,
banana trash, napiervgrass, polythene sheets and gravel.
The use of mulch is an important cultural practice
especially in tropical pléntations of cash crops such as
coffee, tea and pineapples and is recommended for various
reasons, the most important being that of conservation
of soil and water (Pereira and Jones, 1954). Mulch can
also be used to increase or reduce soil temperature and
suppress weed growth (Othieno and Ahn, 1980; Moody, et

al. 1969).

\
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the short and long rains period. During the short
rains, the test crop was beans whereas in the long rains,
maize and beans were intercropped. The two test crops

were grown as per the local farmers' recommendations.
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2. OBJECTIVES AND SC9PE OF STUDY

2.1 Objectives of Study

2.1.1 Overall Objectives
1.To study the contribution of conventional
tillage, crop residue mulch and tied ridges
to soil moisture conservation.
2.To monitor the effects of conserved soil
moisture conserved on crop performance and

yield.

2.1.2 8Specific Objectives
1. To monitor soil moisture changes within the
soil profile throughout the crop growing
period.
2.To monitor cfop performance (crop height,
ground cover and yield) from emergence to

maturity.

2.2 Scope of Study

The primary oObjective of this study was to
monitor the effects of conventional tillage, tied ridges
and crop residue mulch on soil moisture conservation in
a Ferric Acrisol. Maize variety hybrid 614 and beans
variety Rosecoco were used as test crops. Crop
performance (emergence, height, and ground cover) and
yield were monitored for each of the test crops during

4

\
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effectively control erosion and conserve moisture in the
crop rooting zone. Pereira and Jones, (1954) concluded
that the main objective of applying vegetative mulches to
coffee in the dry zones of Kenya was to conserve soil
moisture by increasing infiltrability and improving soil
structure.

The beneficial effects of residue mulch as a means
of improving soil structure and hence increasing

infiltration have been reported by many scientists

(Unger, 1975; Macartney, 1970; Bond and Willis, 1970;
Njihia, 1979). Mulches are known in general to maintain
soil structure through the dissipation of the kinetic
energy of falling raindrops and hence, preventing soil
capping and crusting (Unger, 1975 and Pereira, et al
1964). On bare soils, éhe impact of falling raindrops
detaches the soil particles from aggregates and thus
causing surface sealing and capping of soil. Organic
mulches are known t6 add organic matter to the soil which
bring about aggregation of the soil particles and hence
forming a stable soil'(Rodriguez, 1986). Total pore
spéce, free drainage pore space and rainfall acceptance
were reported to be increased by 8, 9, and 53%,
respectively on Latosolic coffee soil in Kenya due to
mulching (Robinson and Hosegood, 1965). Gicheru and Ita
(1987) working at Katumani, Machakos on a chromic

' luvisol observed that bare soil had strong sealing

\
\\
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properties whereas the soils which were covered by grass
pastures had no sealing effect. Njihia (1979) in a study
conducted at Katumani, Machakos found out that maize
stover mulch was effective in dissipating the kinetic
energy of raindrops and thus increasing infiltration
rates as well as controlling runoff. Knuti, et al.
(1970) stated that stubble mulch and trash serve to break
the crust forming force of the rain drops and keeps rain
water clear of particles so that it will infiltrate into

the soil profile more readily. Mannering and Meyer

(1963) stated that the benefits accruing from mulching
were: decreased soil surface sealing and rainfall and
runoff energy for particle detachment and transport.
Adams (1966) while condugting research on various types
of mulches concluded that the protective action of
surface cover by intercepting and absorbing raindrop
impact pgevents surface sealing. Lal, et al. (1980)
found out that an inérease in rice straw application rate
in a deforested area of arable land influenced soil
physical properties such as macropores, total porosity,
hydraulic conductivity and infiltration rate.

Efforts have been made to improve and protect the
surface soil structure so that infiltration rates can be
increased. This has been done through the application of
organic additives to the soil (Greb, et al. 1967 and

* Greb, 1970; Bond and Willis, 1970; Hassan and Evans,
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1967; ©Unger and Parker, 1976 and Unger, 1978). Borst
and Woodburn (1942) noted that the main cause of erosion
and runoff from soil watered with artificial or natural
fain was the sealing of the surface soil. Where they
applied straw mulch at rate a of 2 tons/ha) to a crusted
soil it reduced runoff slightly but completely checked
erosion.

Mannering and Meyer (1963) showed that the

application of wheat straw at a rate of 1, 2, and 4

tons/ha maintained very high infiltration rates resulting
in no erosion. Where there was no mulch, 12 tons/acre of
soil were lost. Clean weeding caused an average of 15
percent reduction in infiltration during very heavy
storms compared with minimum weeding or when grass mulch
was incorporated into }the soil during cultivation
(Pereira, et al 1964). Mulching is known to be more
effective in increasing infiltration rates of a given
soil (Pereira andjdones, 1954). Infiltrability of a
given soil is increased by residue mulch through the
prevention of sealing effects (Lal, 1976). In an
experiment conducted in a drier area of Kenya, it was
found that a 10 cm mulch of elephant grass in a coffee
plantation, produced in two years an infiltration rate
equal to that produced after five years under elephant

grass sod (Pereira et al, 1954). Organic mulch such as

' corn stalks,and potato vines aids in increasing the 3
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amount of rain water that infiltrates into the soil
( Donahue, 1970). Mul ching  not only I ncreases
infiltration rates of rain water and mnim zes its direct
i npact on the soil but also decreases runoff velocity.
At Kal al u Lai ki pia, nmulch and agroforestry treated plots
had better infiltration rates than bare soil (Liniger,
1988).

Mul ch could drastically reduce soil water |osses by
reducing soil tenperature, inpeding vapour diffusion
acting as periodic focal points for tenporary vapour
condensati on and absorption in the nmulch material, and
reducing wind velocity at the soil/atnosphere interface
(Hanks, 1958). Evi dence presented by Geb (1966)
indicates that the reduction of soil tenperature by
mul ches significantly reduces the evaporation process.
Reduced evaporation due to crop residue nul chi ng has been
reported to be one of the factors that enable the nmul ches
to conserve soil noisture (FAOQ 1965; Van Wjk, et al.,
1959; Unger and Parker, 1975 and Papendi ck et al., 1973).
Surface mul ches of any kind have a greater effect upon
the thermal regine of soil than upon evaporation water
| osses. The major water conserving feature of residue
cover is evaporation reduction (Van Doren and Triplett,
1979). The rate of loss of water or water vapour fl ux
t hrough mul ches is generally slow in conparison to the

rate of loss of water from a nobist soil surface and



