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Abstract
The research was conducted in a semi-arid land of Kenya prone to
land degradation when open for rainfed agriculture. Insufficient
water and soil erosion limit plant growth and development. The area
has erratic rainfall occurring in heavy high intensity storms which
cause soil erosion. This study found such maximum high intensity
storms occurring within the first less than 40 days of the
respective season when, crop cover had not yet developed and

partially replaced mulch cover in soil protection.

Shortage of more land in the high potential areas, has resulted in
immigrants to the steeply sloping lands for farming and settlement
purposes. The immigrants have brought with them inappropriate crop,
animal and tillage technologies from the high potential areas to

the ASAL with consequent land degradation.

Agricultural potential 1is marginal in the semi-arid Kenya. This
potential needs to be exploited skilfully and in a well coordinated
manner. The aim is to sustainably produce enough food and reduce
dependence on TfTamine reliefs for the new settlers, in ways which
minimise environmental degradation. The purpose of the research was
to contribute in the quantifying on-station potential of alley
cropping in arid sloping lands. This was done through quantifying
microclimatic management and manipulation using contour hedgerows
with and without mulching and grass strips as well as mulch alone
in soil and water conservation techniques. Also an on-farm
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comparison was made between traditional soil and water conservation
techniques and contour hedgerow intercropping technology and their

effects on yields.

The on-sration research was conducted at ICRAF Field Research
Station, Machakos, for a period of six cropping seasons,
alternating maize and cowpea. The on-farm survey was carried out

for four seasons iIn Kakuyuni catchment.

To wunderstand crop growth conditions, the on-station research
entailed monitoring moisture in the soil profile using the Time
Domain Reflectometry at the shallow 30 cm depth and a neutron probe
metre for up to a depth of 120 cm (the soil depth exploited by both
the crop and tree/grass roots). These measurements were used to
determine (i) weekly soil moisture storage in the soil profile,
(i1) seasonal water use and for some seasons water use efficiency
in alley cropping vis-a-vis monocropping both with and without
mulch but only without mullch for the grass strips, and (iii) losses
through deep percolation in a soil water balance on sloping lands.
Soil erosion and runoff losses iIn relation to on-station erosion
control were also monitored through tipping buckets and collection
tanks at the bottom of the steep slopes in the alley cropped,
mulched, grassed and control plots, to understand their possible
effects on yields and in the soil water balance. Soil evaporation
losses were quantified by microlysimeters with a view to determine

their relationship to the total rainfall and their role in the soil
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water balance and possibly in yield reductions.

Quantification of PAR % interception took place by using a

ceptometer in alley and monocropping to understand its possible
effects on the yields of associated crops and to determine for some
seasons light use efficiency for the same. Crop and mulch cover
were simply visually quantified to understand their effects on soil
temperature, soil and water loss and possibly on growth conditions
yields. Near surface soil temperatures (platinum resistance
thermometers) as well as windspeed and direction ( woelffle)
anemographs) were also quantified in order to explain any effects
they may have on vyields. Quantification of yields was both on-
station and on-farm for the various biological/organic and

structural (inorganic) soil and water conservation structures.

From the results it can be deduced that:

(@) Combination of hedgerow and mulch was the most effective in the
control of both soil erosion and runoff losses on our steep slopes
in all seasons. Only this combination was promising enough for
sustainable yields of sufficient level in the long run.

(b) Runoff losses (maximum in the order of 10% of rainfall) were low
compared to the high soil evaporation losses (42 to 66 %) of
rainfall) in the soil water balance, while percolation losses were
extremely low and were only recorded in one season, that of (94/95)
high rainfall.

(c) There was a general tendency to have grain and biomass yield
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increases in maize with increasing rainfall amounts, TfTor the Ilow
rainfall (1993) to the rather average (1995), with the just below
average rainfall (1994) in between. For cowpea, where the driest
season was of average rainfall and the other two far above average,
the yield pictures were much more complicated.

(d) Alley cropping resulted everywhere in reduced soil loss and
runoff losses compared to the control plot but at the same time
brought about yield depressions, both on-farm and on-station. This
was notably through competition by the trees or grasses and the
associated crops for water, light and nutrients. For maize highest
yield depressions were in middle rows for hedges and adjacent rows
for grass strips while for the cowpea they were always nearest to
the hedges and grass.

(e Use of mulch from existing hedgerows, without using external

sources resulted in grain and biomass yield improvements 1iIn the
hedge+mullch plot compared to hedge only with the exception of the
driest maize year and for cowpea grain of driest and lest wet year
despite the overall yield depressions. This mulch also resulted in
reductions in soil evaporation in the mulched plots losses compared
to the C plot.

() The barrier hedgerows vresulted in more moisture being
concentrated and conserved beneath the hedgerows than in the middle
of alleys, as shown by the TDR and neutron probe results.

(@ Tree/crop interfaces resulted in increased PAR % interception

but did not result iIn increased light use efficiency (LUE), that

was highest in the sole maize crop. The hedge+mulch+ crop system
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had the highest LUE for maize. All values for cowpea systems fell
in the range of 0.9+ 0.2 g MJ"1 for the only year it was
determined (94/95).

(h) Alley cropping resulted iIn less transpiration by maize system
in 1994 but iIn more transpiration by maize system in 1995

than the controls but transpiration was highest in mulched
controls. For cowpea crop systems alley cropping had

throughout higher transpiration than iIn sole crops. As for
water use efficiency it was always highest for un mulched
control and hedge cum mulch systems for both cropping

systems.

(i) To take advantage of weather advisories, grow maize in short
rains and cowpea 1iIn long rains for the former are more reliable
than the latter; water harvesting as well as drought tolerant crops
to be practised/grown in below or low rainfall seasons for enhanced
crop growth; keenly follow appropriate sowing dates and tillage as
well as use water conservation structures including AF, that is
H+M; compromise to use mulch iIn H+M and for other purposes;
minimise soil evaporation without negatively affecting but
preferably positively affecting yields (decomposing mulch); keep
rainfall records and make use of them in strategic planning as food
reserves.

() Soil erosion control and runoff by the traditional "fanya
Juu" terraces and to a somewhat lesser extent stone terraces

(and occasionally trashline terraces) compared to the

contour hedgerows and grass strips appear to be more
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effective for they don"t result in yield depressions. The
farmer must have realised the long term yield advantages of
the "Fanya juu'" terraces despite their initial construction

costs and this may explain their wider use in this area.



CHAPTER ONE

1. INTRODUCTION.

1.1. Cereral.

About 80% of Kenya®s land mass of 583,000 Km2 is Arid and Semi-Arid
(ASAL). This area supports 20% of the estimated 25 million Kenyan
population and half the total livestock population (Kinama, 1992).
The rest of the land mass, categorized as high potential, supports
the majority of Kenyan population and produces food for subsistence
as well as for local and export markets. While most of the Kenyan
population derives its livelihood from agriculture, there 1is very
limited arable land remaining in the high potential areas for
further agricultural expansion. The main attention for Ffurther
increase in fTood production has been to open up more land for
agriculture and settlement in the dry areas (Government of Kenya,
1983). The environments of these semi-arid areas, which 1include
Machakos District, are however, fragile. They are characterized by
erratic rainfall, wh”~ch is most often insufficient iIn amount and
poorly distribut?d over the crops®™ growing period. This results in
moisture defici;s during critical growth stages, such as the
crucial tasselling and flowering stages, with consequent crop
failures or very low harvestable grain yields. The rains occur Iin
two distinct periods, namely the short rains from October to
January and the 1long rains from March to June. The [long term
average fTor the former 1is 340 mm and for the Ilatter is 288 mm,

according to calculations made by Kinama (1990) for a period of 30



years for Katumani meteorological station. From the ICRAF research
station at Machakos, the rainfall data from 1985-1995 for the short
rains and the long rains are in the range of 310-370 mm and 300-410
mm respectively. These rains occur frequently during the earlier
part of the seasons, when the ground is still bare and more subject
to erosion (Moore, 1978). The potential or reference crop
evapotranspiration is about 900 mm per season (Kibe et al. 1981).
For the above mentioned periods, weather data from both Katumani
and ICRAF research stations in Machakos District show that it is on
average only in the months of November and April that total
precipitation exceeds potential evapotranspiration. This shows that
there is water deficit for crop and pasture production in the area.
While the short rains are often reliable, the long rains have been
described as very variable (Mutiso, 1991) and they occur in medium
to high erosive intensities (Ahn, 1975). Braun (1977) has described
rainfall in Machakos as bimodal with large variability in annual

and seasonal rainfall and in rainfall reliability.

By and large, rain water 1in the semi-arid areas 1Is subject to
several losses and it is therefore important to quantify the
effective rainfall which goes to production. These losses include
soil evaporation, which has been described as high by Muchena
(1986) i1n his work on the semi-arid soils of Kenya. Wallace (1991)
estimated soil evaporation losses from millet in semi-arid West
Africa as from 30-50% of the seasonal rainfall. In the temperate

humid climates on loamy sand bare soils iIn spring in Denmark,



Plauborg (1995) noted that soil evaporation was as high as 65% and
50% of accumulated potential evapotranspiration in a 13 and 23 day
drying periods after wetting respectively. At Wagawaga, Australia,
soil evaporation under a wheat canopy was estimated as 48% of the
total rainfall (Leuning et al., 1994). Some of the rain is lost via
runoff. This happens when soil can no longer accommodate more water
by infiltration, and some water may find its way to the underground
water sources through deep percolation. Some other losses occur
when raindrops are intercepted by the plant canopy and cannot find
their way to the soil, but lower evaporation from the leaves partly
compensates this. A simple water balance equation for this study
(see chapter 2) will consider the amount of precipitation received
and 1its distribution via the above mentioned Ilosses, 1in the
experimental plot area, iIn order to determine the water available

for crop production.

Studies at Katumani iIn Machakos, by Barber and Thomas (1979) using
a rainfall simulator, on a gentle slope of about 5%, indicated that
the infiltration rates of luvisols were as low as 7-20 mm h"1. At
the very high intensity of 50 mm h"1 rainfall, the percentage of
rainfall lost as runoff in one storm amounted to 15% when the soil
was still relatively dry and 67% when the soil was wet. These gave
rise to soil losses of 173g m2 and 852g n2 respectively. This
indicates that soil losses are high and soils will require proper
water management techniques in order to minimise erosion and runoff

losses, enhance effective rainfall and hence crop and pasture



production.

The soils of the ASAL areas of Kenya have been described by the
Kenya Soil Survey (Mbuvi and Van de Weg, 1975) as mostly Alfisols
with a few pockets of vertisols according to the USDA Taxonomy
classification system, or Haplic lixisols according to the
FAO/UNESCO (1988) system. They have low organic matter content and
are deficient in the plant nutrients Nitrogen and Phosphorus as
well as in the trace elements Copper and Zinc (lkombo, 1984). They
are dark reddish brown, sandy clay loam, becoming sandy clay at the
lower horizons (Mbuvi & Van de Weg, 1975; Barber et al., 1979;
Kilewe and Ulsaker, 1984). They are shallow due to the presence of
a pentroplinthite (Murram) horizon (Marimi, 1979). Due to low
structural stability (Kiepe, 1995) the soils are highly erodible

and prone to surface capping by intense rainfall.

The physical features of the ASAL areas range from low lying plains
to moderately sloping and very steep slopes. Cultivation 1is also
carried out on steep slopes exceeding the legal 35% slope limit
permitted for cultivation (Gichuki, 1991). This is in conflict with
the agricultural act which contains regulations governing land use
(Government of Kenya, 1986a). According to the USDA (1951) land use
capability classification system, the steeply sloping lands are
categorized as non-arable and only suitable for forestry, grazing
or conservation (see also Dent and Young, 1981). This

classification is again in conflict with the act governing land use

4



(Government of Kenya, 1986a) . Despite the legislation for
protecting steep lands, arable farming has been going on and will
continue on these sloping lands because to these farmers this is
the only land they possess for farming purposes and they often are

already immigrants, that have no other place to go.

Also from the socio-economic point of view, the majority of farmers
in the ASAL areas are resource poor and they Tarm mainly for
subsistence purposes, according to surveys conducted by Rukandema
(1984). Because they lack resources, these farmers cannot get
access to sufficiently cheap credit, due to lack of security for
the same. This vresults in delays in or even absence of the
procurement of farm inputs, the use of poor seeds for planting and
the use of blunt tillage tools due to lack of funds to purchase new
ones or repair these tools. This leads to delays 1iIn other farm
operations and consequently Jlow harvests. These surveys also
indicate that there 1is a shortage of labour during the critical
periods of weeding. In essence, most of the work on the farm is
done by family members except on a few occasions where hired labour
is engaged. Therefore, some yield losses from weed infestation and

late harvesting occur.

On the other hand, the ASAL have experienced heavy immigration of
people from the densely populated high potential areas in search of
land for farming and settlement (Mbithi and Barnes, 1973; Mungai,

1991; Otengi, 1996). The settling populations have brought with



them unadapted technologies such as high yielding hybrid maize
seeds, beans, graded animals, ploughing implements inter-alia, but
do not have experience in the best low input techniques of farming

in the semi-arid areas. As a result, land degradation has occurred.

Due to extreme rainfall variability, these areas are prone to
droughts and famines, which have forced the government to use its
scarce resources for mounting Tfamine reliefs. These areas
occasionally import food from the neighbouring high potential areas
to supplement their low food harvests. The small scale farmers in
these areas therefore need land use technologies which will enable
them to sustainably exploit the agricultural potential of the
sloping areas to meet their food needs, while at the same time

reducing the risks of land degradation.

Despite the above challenges facing the semi-arid areas, the
government has made efforts to develop the agricultural potential
in these areas in order to improve the food situation of small
scale subsistence farmers. A closer Jlook at the National
Development plans for the periods 1978-1983, 1984-1988 and 1989-
1993 (Central Bureau of Statistics) shows the government®s
commitment to developing these lands via increased funding to
development projects 1in these areas. In 1989, the government
created the Ministry of Reclamation and Development of Arid and
Semi-arid areas and Wastelands and charged it with the development

of environmentally sound policies to be followed in developing the



drylands, 1iIn order to minimise environmental degradation. Moreover,
the development plans 1989-1993 place more emphasis on strategies
to do research into drought tolerant crops for the ASAL such as
sorghums, millets, early maturing maize varieties, sweet potatoes,

early maturing beans, pigeon peas, cowpeas, grams and oil seeds.

Also the government®s research priorities focused on the need for
increased food production while conserving soil moisture and soil
fertility levels, in order to minimise reliance on expensive
chemical fertilizers (Government of Kenya, 1981, 1986b and 1994).
For these reasons, some of the research centres of the Kenya
Agricultural Research Institute (KARI), such as the National
Dryland Farming Research Centre (NDFRC), Katumani, have been set up
with national mandates of developing crop technologies as well as
soil and water resources management strategies which would make

dryland farming sustainable.

Hitherto, however, development efforts in these dry areas have
concentrated on agriculture and livestock enterprises and have
neglected the role of agroforestry in the development of these
areas (Hoekstra et al, 1984). Agriculture/livestock related
developments had however experienced a shortage of firewood and
fodder in the dry areas. A large need therefore exists to address
the above mentioned needs of the small scale farmers in order to
try to iImprove the food situation inter alia using agrof-orestry

technologies.



Agroforestry refers to land use systems in which trees or shrubs
are grown in association with agricultural crops, pasture or
livestock and in which there are both ecological and economic
interactions between the trees and other components (Young, 1989).
Alley cropping is an agroforestry system in which crops are grown
in the alleys formed by the tree/shrub hedgerows (e.g. Corlett et

al. 1992).

An evaluation of the agroforestry potential that exists in Machakos
district has been done by the International Centre for Research on
Agroforestry (ICRAF) through the diagnosis and design methodology
(D&D) . Through the identification of farmers constraints and land
use problems, this methodology aims at the design of appropriate
agroforestry systems and at deriving research needs in order to
address the critical needs of the farming community in the area.
The D&D methodology carried out in Machakos district showed that
the main problems Tfacing the Jlocal community included: food
insecurity, due to extremely variable weather, soil nutrient
deficiencies, poor crop and animal husbandry practices, lack of

animal fodder during the dry season and shortage of fuel wood.

In an effort to find solutions to such problems, KEFRI (Kenya
Forestry Research Institute), in collaboration with KARI, with
ICRAF as local consultants, started doing research in 1983. The

Dryland Agroforestry Research Project (DARP), which is a project in



KEFRI, provides a link through which KEFRI, the TTMI (Traditional
Techniques of Microclimate Improvement) Project at the University
of Nairobi, the TTMI Project at Wageningen Agricultural University
(Netherlands) and [ICRAF collaborate 1in agroforestry research
training. The TTMI project started in 1986 collaborative research
with KEFRI through the IDRC (International Development Research

Council) fTunded DARP at Machakos.

The TTMI - Project is providing research training and education at
Ph.D. and the M.Sc. level that aims at contributing to solutions of
urgent farming problems locally defined, with important
agrometeorological components, and that starts with quantitative
attention for traditional techniques and concepts. 1In the TTMI
project an integrated quantitative approach of a maize/cassia alley
cropping system was successfully applied within the DARP (Mungai et
al, 1996a). The present study in the TTMI- project was carried out
as well within this DARP context, where KEFRI was especially
involved in the on-farm research components. The core of the on-
station research work was carried out at ICRAF"s research station
in Machakos, where ICRAF provided both [logistical and co-
supervision support. The TTMI-Project provided most of the
equipment (instrumentation) for Tfield data collection. The study
examined how alley cropping with on-surface mulching can help
modify microclimate and provide soil and water conservation for
sustainable crop yields of associated crops on sloping land. By

such an approach, food security needs, soil fertility deficiencies,



soil erosion problems and water runoff problems may be alleviated.

As small scale farmers on sloping lands have traditional soil and
water conservation techniques, a comparison was made between the
performance of the alley cropping technology, that is based on
traditional concepts as using trees, and on-farm traditional
techniques and between resulting crop yields. The main 1issue in
this study was quantification of the hypothesis that alley cropping
could be 1i1dentified as one of the potential solutions to
sustainable crop yields 1in the sloping dry areas of Machakos

(Young, 1989).

Past experiments have, however, shown that there is competition
for nutrients, water and light between the tree component and the
crop component. For instance, using three tree species Leucaena
leucocephala, Gliricida sepium and Senna siamea Intercropped with
maize and cowpeas, scientists at ICRAF"s Research Station
(Machakos) indicated that Leucaena was more competitive with
adjacent crops than the other two species (Ong et al. 1992). This
was clearly marked in a dry year (1987), where Ilower crop yields
were recorded, possibly as a result of increased competition for
moisture in cassia/maize alley cropping. Mungai (1991) reported a
complete <crop failure for the short rains of 1987 in his
cassia/maize agroforestry treatment, due to severe competition for
water, while some yields were obtained iIn the controls. Results of

alley cropping in the semi-arid tropics of India have consistently
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shown a considerable reduction in crop yield, of 30 to 90%, when
the alley width was less than 5 metres (Singh et al., 1989). They
postulated that competition for moisture between the roots of trees
and crops or shading by the trees was responsible for restricting

crop growth in the alleys.

Other experiments have shown potential for erosion control. Soil
loss at ICRAF Research Station with a 50 mm h"1l rainfall intensity
produced 34 t ha"l of soil loss at 14 % slope from control plots
compared to soil erosion of 0.2 to 0.5 t ha"l in a mulched
Senna/maize alley system (Kiepe, 1995). 0Ong et al. (1992) observed
the potential of agroforestry to control soil erosion on hill sides
as evident in 2 to 3 years, when a sloping land was turned into a
series of terraces. Raintree (1983) summarized the advantages of
alley cropping in Embu district in Kenya as labour saved in natural
build up of terraces by hedgerow bunds, soil erosion control,
runoff reduction, increase in organic matter via mulching, nitrogen
fixation, nutrient recycling and supplementary dry season fodder.
Lai (1989) also stressed the 1importance of alley cropping for
restoration of eroded lands, provision of fire wood and fodder as
well as for covering against soil erosion iIn Rwanda. Furthermore,
some relative yield benefits, not accounting for the area lost to
the trees, have been reported in the semi-arid areas of Machakos by
Nyamai (1987), Mwangi (1989) and Mungendi (1990), while maize yield
benefits were also reported from sub-humid and humid Nigeria (Kang

et al. 1981). Mungai et al. (1996b) got maize yield benefits in
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five cropping seasons which never compensated for the area lost to
the alley trees under semi-arid conditions on flat soil in
Machakos. The mean seasonal grain yield results on 14% slope from
maize/senna alley cropping were 2.15 and 2.25 t ha"l for hedge+mulch
and sole hedge plots as compared to 2.1 and 2.5 t ha"l in the
control sole maize and sole mulch plots respectively, when no area
was lost to the trees because maize was sown as addition to the
alleys (Kiepe, 1995). The mean cowpea yields in alternating seasons
in the same plots were 0.5 and 0.5 t ha‘l for the hedge + mulch and
sole hedge as compared to 0.45 and 0.55 t ha"1 for the control sole
maize and sole mulch plots respectively, when 10% of the area was
lost to trees. These are high yields in the semi-arid areas of
Machakos, but the differences between treatments are small, with
the exception of maize in sole mulch plots. However, such yields

should be followed over a longer period, to obtain information on

long term sustainability.

The potential of alley cropping in semi-arid areas for sustainable
sufficiently high crop vyields on sloping Jlands needs to be
confirmed by microclimate, soil and water conservation and
tree/crop competition studies. In such previous studies, however,
there has particularly been a lack of microclimatic data (Mungai,
1991) to help explain yield differences within alleys and from
season to season, while most alley cropping yield data
interpretation has been based on level to very gently sloping 3.5%

land, with the work of Kiepe (1995) as a notable exception. At the
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same time, cheap and appropriate techniques of soil erosion control
and water conservation have not been clearly identified. It 1is
therefore a pertinent research issue to address these needs of
farmers and to further interpret yields on sloping Blands under
conditions of absence of cover, cover by contour hedgerows, cover

by mulch and in case of their combination.

1.2 Objectives of the study

The main objective of the research work was to study the level of
yield sustainability of alley cropping (contour hedgerow
intercropping) on the sloping semi-arid areas of Machakos, Kenya.
This was mainly done by quantifying and understanding the effects
of microclimate, soil and water conservation and competition
between the trees and crops on crop yields. The hypothesis was that
alley cropping with on surface mulching sufficiently conserved the
soil, soil water and soil fertility to obtain yields that would not
decline over time under equal soil water conditions. From this
hypothesis, the specific objectives were to determine for the

slopes and crops concerned:

©O) how mulch and crop cover influence soil water loss;
(n) how runoff and soil erosion affect water balances and
yields;

(i11) how soil moisture levels affect dry matter production,
yields and water use efficiency;
(iv) how soil evaporation is affected by mulch, hedgerows

and grass strips and how it affects water balances;
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() how Photosynthetically Active Radiation (PAR)
interception affects trees and crops dry matter
production and light use efficiency;

(i) how soil temperature is affected by mulch, hedgerows
and grass strips and

(vi1) whether windspeed and direction as affected by the
slope have any major influence on crop yields;

In addition to the above other specific objectives were:

(viii) an inventory of traditional techniques of soil and
water management applied on sloping lands iIn Machakos
district/Eastern semi-arid Kenya and

(ax) to get a preliminary idea of how traditional methods
compare with contour hedgerows in soil and water

conservation and resulting crop yields.

14



CHAPTER 2.

2. LITERATURE REVIEW.

2.1 General: agroforestry and alley cropping

Agroforestry is an old traditional practice in which the natural
resource base is shared by trees and crops, but what is new are the
research approaches to sustainably improving it to meet the needs
of man. These needs include food, fruits, fodder, Tibre, firewood
and timber, shade, and protection against strong winds. There are
a number of such resource sharing agroforestry practices cited in
the literature and a brief description of these will illustrate
them as reviewed by Youny (1989):

(i) Rotational practices: (@) shifting cultivation iIs the earliest
and most widespread practice of agroforestry, well known for its
soil Tfertility restoration via fallows in the humid and sub-humid
tropics; (b) improved tree fallow - rotation of crops with planted
trees, better selected to obtain harvested products from the trees.
The crops are grown for a few years followed by many years of tree
growing; (c) Taungya - food crops are grown with commercial timber
trees, interplanted during the Tfirst few years of tree
establishment.

(ii) Spatial-mixed intercropping practices: (a) Trees on crop land
- where many trees are grown on cropland for productive purposes,
often with protective effects on the adjacent crop;

(b) multistorey tree gardens - these are highly sustainable

productive intercropping systems which provide organic matter to
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the soil as litter but also benefit from household wastes;

(c) plantation crop combinations - coffee and cacao with trees are
classic examples.

(iii) Spatial-zoned intercropping practices: hedgerow intercropping
(alley cropping and barrier hedges), where rows of trees or shrubs
are intercropped with herbaceous crops in the alleys. When some or
all of the hedgerow prunings are often used as livestock Tfodder,
the term alley fTarming is used in preference to alley cropping.
(iv) Sylvopastoral practices: refers to trees on rangelands or
pastures, where the trees and shrubs contribute to the system by
direct provision of fodder and improvement of pastures (nutrients,
shade, wind protection etc.) as well as nitrogen fixation.

(v) Practices with the tree component predominant:

(@ woodlots with multipurpose management - refers to planted
forests which are managed with the intention of multiple production
e.g. Torest for fodder with some wood production; (b) reclamation
forestry for multipurpose use such as wind breaks and restoration

of degraded soils.

Strips of trees or shrubs are planted as windbreaks to protect crop
fields, homes, livestock, canals or other areas from strong wind,
blowing soil or sand. Traditionally scattered trees of sufficient
density are used for the same (Stigter, 1985b). As strong winds are
major causes of soil erosion and moisture loss from plants and soil
in dry areas (Rocheleau et al ., 1988), scattered trees, windbreaks

as well as shelterbelts may reduce these losses.
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The term alley cropping originated at the International Institute
for Tropical Agriculture (IITA) in Nigeria where several prototype
systems were proposed and tried (Wilson and Kang, 1980, Kang et al.
1981), initially for the maintenance of soil fertility as an
alternative to shifting cultivation. Bohringer and Caldwell (1989)
described alley cropping as having emerged as a potential cropping
system suited to alleviate some of the constraints of the low input
farmers 1In resource poor countries. In southern and “entral
Nigeria, where conditions are humid and sub-humid, it 1is indeed
seen as an alternative to shifting cultivation where it 1is no
longer possible to leave land under fallow for 20 - 25 years for
the soil to regain its fertility. With the increase in population,

this fTallow period has been reduced to 3 - 4 years.

Only more recently alley cropping has been taken to the semi-arid
areas of the world, particularly for fodder production (Singh et
al, 1989). However, Ong et al. (1992) note that evidence is
accumulating in both India and Africa which shows that below 1000
mm rainfall, the advantages of alley cropping become marginal
compared to cereal/legume rotations. Work in Machakos, Kenya, that
confirms this for soil on flatland has already been mentioned IiIn
chapter 1. Alley cropping with Leucaena at the Kenyan Coast was
noted to reverse the trend of declining maize crop yields compared
to continuous cropping over 3 years( Bashir, 1988). This was

attributed to improved weed control and improved fertility from
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Leucaena loppings. The system involved the growing of maize (Coast
composite var.) and green grams (Phaseolus areus) alternately in
the long and short rains respectively in the alleys formed by the
Leucaena hedgerows. Bashir et al. ((1991) also noted that alley
cropping maize with Leucaena resulted in an 1increase of maize
yields per alley of 24-76 % compared to the sole maize treatment.
Soil moisture conservation and nutrients conservation resulting
from good weed control measures was felt responsible for the above

maize yield increase in maize/leucaena alley cropping.

Rao and Coe (1991) pointed out that agroforestry systems differ
from agricultural systems because of the presence of tree/crop
interfaces and hence the need for large plots, large borders and
long term monitoring. They noted that there 1is very little
quantitative information available on statistical aspects for
developing guidelines for measuring crop yields 1in agroforestry
systems. Coe (1994) points out that it has been very difficult to
get actual controls in alley cropping because of the expanding
nature of tree roots from one experimental plot to the other which
may complicate vyield data interpretation. Nevertheless, alley
cropping has been designed to permit continuous cropping while at
the same time preserving the productive capacity of the soil. To
achieve this, trees are pruned regularly to minimize resource
competition and maximize nutrient availability to the crops (Nair,

1984) .
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Because of the recent origin of agroforestry as a research subject,
alley cropping has attracted a lot of attention in agroforestry
research today (Carter, 1995), despite lack of hard evidence for
the benefits claimed from agroforestry such as erosion control,
maintenance of organic matter, improvement of soil physical
properties, augmenting nitrogen fixation and promotion of nutrient
recycling (Young, 1991 and Ong, 1995). Mainly alley cropping works

are reviewed in this chapter.

Many of the perceived benefits of trees iIn agroforestry systems in
general are still hypothetical, with much of the evidence
observational or extrapolated from natural, plantation or annual
cropping systems. While much of the enthusiasm for agroforestry is
for its value in marginal areas, the main documented work todate
comes from areas of fertile, base rich soils, especially from two
areas: (@) earlier mentioned experimental studies of hedgerow
intercropping at I1I1TA, Nigeria on entisols and alfisols, and (b)
nutrient cycling work in cocoa and coffee plantations of Latin
America on alfisols and andisols (Sanchez et al., 1985; Young,
1987). Sanchez et al. (1985), in their review, found very little
scientifically sound evidence that agroforestry systems iImprove
soil properties in the marginal areas and hence found it hard to
adapt data from the above studies to acid base poor tropical
Oxisols and Ultisols. In fact, Acheampong et al. (1992) note that
ICRAF has [little experience as compared to I1ITA and that the

benefits of alley cropping, especially in the marginal areas, are
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less evident than earlier anticipated.

Some farmers believe that in alley cropping in semi-arid conditions
trees strongly compete with their crops for nutrients, light and
water. An agroforestry system with trees or shrubs which optimally
share water, light and nutrients 1in time and space with the
associated crops would be necessary to attract fTarmers. This
includes more closed nutrient vrecycling, and therefore more
efficient use of nutrients, using water from different horizons or
differently in time and microclimate improvements. Some of the
problems encountered are as a result of the fact that the majority
of tropical tree root systems is entirely unknown (Jenik, 1978;
Redhead, 1979). With more research being currently done on roots it
will be possible to jJustify or dismiss some of the myths
surrounding agroforestry. Ruhigwa et al. (1992) have pointed out
that indeed the major constraint to alley cropping is competition
of tree or shrub roots with those of companion food crops for
available water and nutrients in the top soil. In their work in
southern Nigeria they examined four tree species, Acioa barter!,
Alchornea cordifolia, Cassia siamea and Gmelina arborea, for a
depth of 120 cm and found that 73, 76 and 74% of the tree total
roots were at the top layer of 20 cm. These roots were active fine
roots, smaller than 2 mm diameter, and they concluded that
competition was inevitable iIn the top 20 cm in such alley crop

systems.



Carl (1985) has shown that a variety of nutrient conserving
mechanisms reduce nutrient loss in tropical forests. He showed that
(i) in wet lowland sites, there are greater quantities of calcium
and pott.ssium stored in the biomass than in the soil; ((ii) iIn the
drier sites some ecosystems have a larger proportion of below
ground biomass than do the wet lowland sites; (iii) all natural
forest ecosystems in the tropical and temperate regions have larger

stocks of nitrogen in the soil than in the biomass.

There are also fTarmers that have the experience that some trees
have their roots deeper than most crops and hence these trees are
less likely to compete with crops. Deep roots have the capacity to
intercept nutrients in the soil solution that would otherwise be
lost by Ileaching and recycle them through litter to the soil
surface roots (Ruhigwa, 1992). Associated with mycorrhiza systems
these deep tree roots take nutrients more efficiently from the soil
solution. Mycorrhizae associated with roots expand the plant root
system and assist 1In extraction of nutrients from the soil,
increasing uptake relative to leaching. They are particularly

valuable in improving uptake of phosphorus (Julie, 1990).

Sanchez et al. (1985), 1in their review of soil dynamics under
plantation crops, explained the magnitude of 1increase of
exchangeable calcium and sometimes exchangeable magnesium recorded
in top soil in the fallow enrichment stage at some sites, by

establishment of a nutrient cycling mechanism capable of returning
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large quantities of bases to the soil, which are released from
decomposing trunks, roots and stumps of cleared former forest. They
also noted that nutrient levels do not appear to decrease under
tree crops, implying prevention of Qleaching Ilosses. There is
evidence to suggest that when a tree canopy is established, cycling
of the nutrients can begin. Russel (1983) measured negligible
losses of phosphorus and measurable losses of potassium, calcium
and magnesium under rain forest, Gmelina arborea and Pinus caribea
plantation on sandy Ultisols at Jari, Brazil. He recorded Ilower
leaching losses during mature growth stage at 1.5 years. In forest
systems large amounts of nutrients are stored in the vegetation and
the top soil, although the proportion of different nutrients stored

in biomass and soil is known to vary.

Andriesse (1987) shows how bases are concentrated iIn the biomass
compared to nitrogen and available phosphorus, which predominate in
the soil. A similar distribution was recorded in Latin America
(Sanchez, 1979). Some trees have shown some potential for
selectively accumulating certain nutrients. For iInstance, Sanchez
et al. (1985) report that litter and detritus from Gmelina
contained twice as much calcium as that of virgin forest or mature
pine plantation, while the magnesium content of litter was three
times as much as in pinus litter. Work by Harcombe (1977 ) found
slightly increased concentrations of at least calcium at depths of
90-100 cm. Results by Ball (1985) suggested that senna siamea Wwas

superior to tree species like cGliricidia sepium and Leucaena

22



leucocephala iIn terms of calcium recycling. Hence where calcium is
deficient senna trees are preferred for recycling this nutrient.
However, it was also argued that the small amounts of roots in
deeper soil layers may obtain nutrients but quantitatively this is
likely to be small and their main Tfunction seems to be water
uptake, especially in times of water stress (Nambiar, 1983). Toky
and Bisht (1992) give an example that 62-80% of tree roots were
less than 2 mm diameter and that this category decreased with
increasing depth, while 78-84% of the root biomass was at the top

30 cm depth.

In an effort to explain the competition aspects in agroforestry in
general and alley cropping in particular, Johnsson et al. (1988)
examined the vertical distribution of roots of five tree species
compared to the roots of maize at Morogoro in Tanzania. Their study
showed that the roots of Cassia siamea, Eucalyptus tereticornis,
Eucalyptus camaldulensis, Leucaena leucocephala, and Prosopis
chilensis had similar rooting patterns to that of maize. These
trees were likely to compete with maize for water and nutrients as
their average root biomass was roughly twice that of maize. Their
study further showed that cassia and leucaena had significantly
higher fine root mass than maize in the upper 60 cm of soil. Also
the root distribution of many coniferous trees is iIn the top layers
of soil, where most of the nutrients and water are taken up (Bowen,

1964) .



Onyewotu et al. (1994) observed in semi-arid Nigeria that the
yields of millet (Pennisetum typhoides) grown adjacent to a
Eucalyptus camaldulensis shelter belt increased substantially by
pruning the roots at a distance of 0.25 times the belt height
(0.25H) from the trees. They also observed that roots of Eucalyptus
penetrated into the cropped area, mainly at depths 0-70 cm, up to
a distance of at least 1.5H. These roots were largely in diameter
classes of 1-10 mm. They further noted that the highest depression
of millet yield occurred between the hedge and 1.5H, suggesting
that this was the zone of most active competition. Root pruning has
been observed to have moisture conservation benefits useful to the
intercrops. Otengi et al. (1994), in the cool semi-arid Laikipia in
Kenya, observed that the intercrop growth benefitted more Tfrom
water availed to them by root pruning Grevilia robusta than from
soil moisture conserved by applying maize stalk mulches for runoff
prevention. They further observed higher dry weight yields of cob

and grain closer to the pruned than unpruned trees in 8 rows to 10.

Other root factors also affect water and nutrient uptake. For
instance, Nye and Tinker (1977) showed that root length density,
surface area or volume correlate more closely with nutrient and
water uptake than root biomass. As Van Noordwijk et al. (1991) have
shown, pruning may influence root distribution, since more and
finer branched roots are formed when the trees are pruned at low
level. In Machakos in Kenya, Umaya (1991) and Mungai et al. (1996b)

reported that there was more overlap of maize and cassia roots in
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the middle of the alley at their critical stages of growth, which
was an indication of a likelihood of stronger competition under
stress conditions, explaining part of observed maize vyield
differences. Through root trenching, they further found that the
highest Cassia root density occurred at the 20-50 cm depth while in
the middle of the alley Cassia/maize root associations were
highest. On the whole, however, these authors found that more maize
root length was iIn the upper 10 cm than below 20 cm depth. The
maize/Cassia root associations at the upper depths were
confirmation of active maize/Cassia competition for moisture and
nutrients. Using supplementary irrigation at ICRAF field research
station in Machakos, Howard et al.(1995), in an experiment
involving Katumani composite and Leucaena, showed that competition
for light alone between maize and Leucaena resulted in maize yield
reduction by more than 30%. Shading in this experiment appeared to
account for almost all the maize yield reduction in the system as
was expected since competition for water was largely eliminated by
applying irrigation, but nevertheless approximately 30% of maize
yield reduction in the maize/Leucaena agroforestry system cannot be

explained by the light response or shading alone..

2.2 Effects of slope steepness, length and shape as well as
rainfall intensity on runoff and soil erosion.

Soil erosion involves detachment, transportation and deposition of

soil particles. It will therefore depend on precipitation erosivity

(capacity of the rainfall to cause erosion) and erodibility of the
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soil (vulnerability of the soil to erosion). Some soils®™ physical
and chemical properties and the way they respond to rainfall
determine the rate of erosion. When the silt (0.002-0.05 mm) or
silt+fine sand (0.05-0.10 mm) fraction 1increases and clay
decreases, erodibility increases (Wischmeier and Mannering, 1969).
This 1is due to (i) the aggregation and bonding effect of clay,
(i) the detachability of sand and silt and (i) the
transportability of fine and nonaggregated particles (i.e silt) (Le
Bissonais, 1995). The Ilatter author noted further that soil
texture, clay mineralogy, organic matter as well as cation iron and
aluminium oxides and calcium carbonate affect aggregate stability
and therefore 1its erodibility. On the effects of iInitial water
content, Gollany et al. (1991) found that aggregate stability
increases with clay content; and the effect was more pronounced at
higher water content. Ekwue (1990) found a positive relation
between organic matter and aggregate stability for soils with grass
treatment and a negative relation for those with peat treatment.
Splash detachment was reduced for both treatments: grass treatment
reduced erosion by iIncreasing aggregate stability, while peat acted

as mulch.

Rainfall intensity will determine the Kkinetic energy of the
rainfall and hence the ability of the rain drops to detach soil
particles. Drop sizes are generally distributed from a fraction of
a millimetre to an upper limit of about 6 mm in diameter and drops

bigger than this break into smaller drops. Medium size drops have
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been shown to depend on rainfall intensity and their statistical
median was shown to range from 1.4 to 2.7 mm for rainfall
intensities of 2.5-51 mm h1 (Rogers et al., cited by Bradford and
Huang, 1995). These sizes increase with increasing rainfall
intensity up to 100 mm h"1 and then decrease at higher intensities
which occur at short periods of 5-10 minutes (Hudson, 1971) while
the drop size distribution is normally constant at 100 mm h"1
(Bradford and Huang, 1995). Due to their physical properties these

medium drops provide the impact for soil detachment.

In his review of field experience on soil erosion, Lai (1990) made
the fTollowing key observations: (i) Soil Ilosses from 1irregular
slopes depend on the steepness of a short section immediately above
the point of measurement; (ii) The effect of slope length on runoff
and erosion 1is influenced by slope shape, which affects soil
erosion by influencing the amount and velocity of overland flow;
(ii1) Convex slopes increase the velocity of overland flow, thereby
increasing Iits detaching and transport capacity; (iv) Velocity is

decreased on concave slopes, that cause deposition.

Lai (1976b), while working with straw mulches in West Africa,
showed that there was an approximately exponential relationship
between soil loss or runoff and slope steepness. This was
calculated and expressed by Y = asb or (log Y = log a + b log 9),
where s is the slope and Y is the runoff or related soil loss.

Further, he calculated the relationship between runoff or soil loss
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and mulch rate from the equation Y = a'nr* or (log Y = log a~ - ¢
log m), where m is the mulch rate. So runoff and related soil loss
decreased exponentially with mulch rates. Mulch rates of 2 to 4 t
ha*1 effectively controlled erosion. For the rain storms exceeding
25 mm h"1, the most significant correlation for slope and soil loss
was obtained from unmulched plots. Low mulch rates, of 2 t hal

effectively prevented soil loss even from steep slopes.

By simulating rainfall 1intensity on various slope steepness in
U.S.A, already Duley and Haye found as early as 1932 that as the
slope steepness was increased from 8% to 16%, erosion increased
with 1increasing rainfall intensity and slope steepness. Kinama
(1990) confirmed that steeper slopes had a higher potential of
erosion hazard than lower ones in his studies on the
Katumani/Kimutwa catchment. He did this by constructing erosion
hazard maps which could be used as guidelines in land use planning
to minimise environmental degradation on a catchment basis. Kilewe
(1985) in comparing runoff plots and erosion traps iIn Kenya noted
that there 1is a tendency for the Universal Soil Loss Equation
(USLE) to overestimate the soil loss. In large basins there is a
possibility of soil lost by erosion to get deposited within the

basin, thus reducing the amount measured at the basin outlet.

As slope steepness increases, the number of drop iImpacts per unit
surface area and the normal component of drop impact both decrease,

thereby decreasing splash detachment; conversely, as slope
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steepness increases, the degree of surface sealing decreases and
soil resistance or strength decreases, thereby increasing splash
detachment (Poesen, cited by Bradford and Huangs, 1995). This
author showed that, at 65 mm h"1l for 1 h, as slope steepness
increased for 3 silt loams, overall splash detachment values for a
20% slope were about 1.3 times splash values for a 9% slope. For
the clay loam and sandy clay soils, splash values at a 20% slope
were less than at 9% slope. The sediment yield increased with
increase in slope steepness from 9-20% It is worth noting that
soil erosion by water occurs due to complex interactions of
processes of detachment and transport of soil materials by rain
drop 1impact and overland flow as well as temporary deposition

(Thomas, 1991; Bradford and Huang, 1995; and Le Bissonnais, 1995).

2.2.1. Soil erosion and soil erosion rates

Soil erosion leads to loss of top soil and therefore loss of soil
depth, and consequently to loss of organic matter, soil storage and
water holding capacity, crusting and compaction as well as
hardening of plinthite (iron-rich, humus-poor mixture of clay with
quartz and other diluents or hardpan soil layer which is

hard to plough). There is development of rills and gullies, which
change microrelief, create larger soil variability and make
tillage, mechanically or otherwise more difficult. When there is
loss of soil nutrients through top soil erosion, this results in
low cation exchange capacity (CEC), leading to chemical constraints

and nutrient disorders. The Ilatter include deficiency of major
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plant nutrients such as nitrogen, phosphorous and potassium (NPK)
and of trace elements such as zinc and sulphur. Nutrient toxicity
(Al# Mn) occurs as a result of having 60% Al saturation iIn the top
50 cm of soil of strong acidity and high toxicity (Lai, 1988,

Stocking, 1984 and 1988 and Kilewe, 1989).

Many methods have been used to predict soil erosion rates such as
the time series used by Dunne et al. (1978) and Kinama (1990); the
Universal Soil Loss Equation (USLE) developed by Weishmeier and
Smith (1978), now revised as RUSLE (FAO, 1993), the Soil Loss
Estimator Model for Southern Africa (SLEMSA) developed by Elwell
and Stocking (1982) and process based models such as in the Water
Erosion Prediction Project (WEPP) by Foster and Lane (1987) and
Laflen et al. (1991). The most widely used method, which has also
been used in many local conditions, 1is the USLE. This equation is
of the form: A = R*K*L*S*C*P where, A = annual soil loss in t ha"
I, R = a rainfall erosion factor, to account for the erosive power
of rain, related to the amount and intensity of rainfall over the
year, K = a soil erodibility factor, L = length of the slope and S
its steepness (Standard slope 9 % and length 22 m), C = a modifying
factor to account for the effects of vegetation cover and
management techniques, P = a physical protection factor to account
for the effects of soil conservation measures (structures or
vegetation barriers) spaced at intervals on a slope (as distinct
from continuous mulches and improved cultural techniques which come

under management techniques).



The soil erosion rate values derived for specific areas based on
the above factors are used as guidelines in the design and planning
of soil conservation projects in order to minimise soil erosion and
enhance crop/livestock production. As we have seen, soil erosion in
any given area 1is considered permissible in so long as the
tolerable erosion rates are not exceeded. These T values depend on
the soil depths of the areas of their application, 1in order to
reflect real local soil situations. In the US, where the USLE was
developed, for instance, the T values range from 5-11 t ha"l. The
values developed for Kenyan conditions range, based on the soil
depths, from 3 t hal for shallow soils of less than 25 cm to 27 t
ha"l for extremely deep soils (FAO, 1993). As specific T values for
our area we found 5 t ha"l1 (Kilewe, 1987 ) and 4.8 t ha"l (FAO, 1993)
for soil depths of up to 80 cm. Soil conservation efforts should be

geared to keeping soil losses within these limits.

The soil formation rate, depending on the rate of weathering for
the basement complex rocks, as found iIn the semi-arid areas of
Kenya, 1is low: 0.01 mm yr*l (Dunne et al, 1978). As most soil
nutrients are concentrated in the top few decimetres of soil, the
management of soil erosion iIn the semi-arid areas needs to be
strengthened because the loss of these top soils through erosion

can render them totally unproductive.

The use of TfTertilizers and manures normally compensates for the
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nutrient leaching and erosion losses which do not result in loss of
soil depth, but what is difficult to replace is this shallow soils
loss of soil depth. Eroded and deposited materials contain more
nutrients than non-eroded materials (Gachene, 1989), which clearly
points to the fact that erosion leads to loss of nutrients and
hence to reduction in yields. Gachene (1995) observed further that
decline 1In maize yields after severe soil erosion 1iIn Central

province Kenya, was partly due to loss of plant nutrients. Lai

(1981) has shown that soil loss from normal erosion was 16 times
larger in natural plots than was applied desurfacing ((uniform
artificial removal of a layer of the soil) from the soil profile.

For instance, in an alfisol in Nigeria, desurfacing and natural

erosion affected maize yield differently. Maize grain yield fell

0.13 and 0.09 t ha"l1cm"l of eroded soil for desurfacing to 10 and 20
cm depths respectively. On the same soil about 10 m away, however,

the decline in grain yield caused by natural erosion was 2.6 t ha"l
mm"1l of eroded soil. This suggests that simulating soil erosion
rates through desurfacing may underestimate real erosion rates in
field conditions. Normally erosion under natural conditions is a
selective process, which removes the fine soil particles containing
plant nutrients, while desurfacing is not selective but removes all

the fine and coarse particles fully.

Because the factors causing soil erosion interact, as shown in the
USLE, proper management of any of the factors which will lead to

lowered values in soil 1loss 1i1s crucial in the soil and water
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management strategies for improved crop/livestock production in the
semi-arid areas of Kenya. Agroforestry plays a key role in
manipulating the apparent slope length via establishment of contour
barrier hedgerows, which through soil deposition finally develop
naturally, with minimum costs, into level bench terraces. The
contour hedgerow barriers cut down the volume and flow velocity of
runoff water, reducing this way its erosive power and resulting in
increased infiltration rates beneath the barrier (Kiepe, 1995). A
further advantage of hedgerows 1is the provision of mulches, which
give additional protective cover to the soil against the Kkinetic
energy of rain drops before the crop establishes its own protective
canopy cover. Mulches also line and occupy microdepressions but
create them in flowing water, which increases hydraulic roughness
and aid infiltration, reduce surface sealing and Jlower Tflow
velocity and hence soil erosion. To some extent the presence of
mulch may Qlead to increased microfauna which 1Improve on soil
macropores, iImproving soil structure and increasing the soil"s

resistance to erode (e.g. Mugendi et al., 1994)

2.3 Barrier effects of alley cropping (trees and crops).

Contour hedgerows as well as crop rows in alley cropping Tform
barriers across the slope which are partly permeable. Nevertheless,
on the slopes they are a physical flow obstacle and effectively cut
down the length of the slope over which overland flow occurs. This
forces runoff water to slow down, especially if the barriers are

aligned along the contour, and infiltrate into the soil thereby
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reducing its erosive power. The rate of erosion is cited by Hudson
(1971) as proportional to the square root of length of the slope:

E a LO5, where E is erosion rate and L is length of the slope.

Lai (1976a) indicated that soil erosion under 5, 10 and 15% slope
was severe fTor alfisols and, if not controlled, will Fimit crop
growth. Lai (1991) noted further that the establishment of contour
hedgerows or strips of Leucaena on steep lands iIn the Philippines
and Indonesia had led to the formation of natural terraces. The
terrace formation was due to washed off soil accumulation in front

of and immediately behind the hedges.

Hedgerows have indeed been reported to reduce runoff (Young, 1989),
but their effectiveness at different widths for storms of varying
intensities have not been investigated. However, Young (1989) notes
that despite the scanty experimental data there are strong
indications that systems of barrier hedges and lined up crops or
contour aligned hedgerow intercropping, can provide an acceptable
means of controlling erosion on gentle to moderate slopes, up to
17% (30°). As indicated earlier, surveys conducted by Gichuki (1991)
indicate that arable farming is being undertaken on slopes greater
than the 35% Ulegal Ilimit for cultivation, and so the use of
hedgerows 1in these areas may help reduce soil erosion problems as
well. Pellek (1992) has also observed that it is on the marginal
lands that the agroforestry technique of contour hedgerows can

perhaps be of greatest benefit iIn the preservation of land quality.
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Data on effectiveness of the barrier in controlling soil and water
loss show that soil infiltration rates below the hedgerows are 3-8
times those in the alleys as a result of more macropores at the
deposited top soil below the hedge than beneath the alley (Kiepe,

1995 ) .

2.4_. Effects of tree and crop cover in alley cropping.

Both, the canopy of the tree and of the crop component, protect the
soil surface partially against raindrop iImpact. Already early
experiments by Sreenivas et al. (1947) showed that there was more
erosion occurring as a result of increasing canopy height. This is
explained as fTollows. When rain drops are intercepted by plant
canopies, the tendency 1is for them to coalesce, Tforming bigger
drops, ''gravity drops'"™ of a size of 5 mm-6 mm diameter, which can
erode on falling to the soil surface (drip erosion). Moss and
Green (1987) showed that erosivity rose rapidly over the first 2
metres of free fall and that only drops released from less than 0.3
m above the soil surface had small to negligible erosivity. The
erosive power of rainfall under shade trees in coffee plantations
in Columbia has been reported to increase by as mulch as three
times (Suarez cited in Wiersum, 1988)), but particularly at the
edges. It is further noted there that only if woody perenials have
a canopy close to the soil surface 1iIs the erosive power of
throughfall drops less than that of incident rainfall. It can be
deduced from these experiments that canopies of tall plants may

cause more drip erosion than those of short plants. This casts
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doubt as to whether canopy 1is all that is needed for erosion
control by raindrop impact. The canopy, when high, should be closed
in such way that the force of dripping water 1is broken by Ilower
layers of vegetation (Baldy and Stigter, 1997) in press. So leaf
area distribution 1is an important Tfactor in preventing drip

erosion.

As fTurther evidence, artificial removal of a canopy of an Acacia
auriculiformis plantation 1in Java showed that the presence of
canopy increased erosive power of rain water by 24% (Wiersum,
1985). In his review of agroforestry for soil conservation, Young
(1989) observed that for various reasons there was no purpose in
attempting to maximize canopy cover iIn agroforestry design. A
better way of protecting soils against erosion would be via
increased lower vegetative cover or soil organic matter content and
mulch, including live mulch, on the soil surface. The hedgerows in
alley cropping provide organic matter in the form of mulch which
can be placed in the alleys as both manure and protective cover
respectively, where mulch incorporated into the soil  will
contribute as soil organic matter to soil protection but mulch on
the soil will be more protective, contributing to soil fertility on
a different time scale. For soil protection, therefore, it Iis
highly desirable to spread the prunings from the hedges evenly on

the soil surface, 1instead of incorporating them into the soil.

There 1is a lot of evidence to indicate that ground surface cover

36



protects the soil against erosion (see also next section). For
instance, in Java the removal of the surface litter of an Acacia
mangium plantation increased erosion by 20% (Wiersum, 1984). Young
(1989 ) has also noted that an analysis of the causative factors of
erosion indicate that the potential of the cover approach for
reducing erosion is greater than that of the barrier approach. In
terracing for example, the terrace embankment obstructs the runoff
water but does not affect erosion by raindrop impact, which could

be achieved by a cover crop or mulch placed on the terraces.

2.5 Effects of mulches.

2.5.1. Applications of mulches

Mulch 1is defined, in line with traditional concepts, as a shallow
layer established naturally or artificially at the soil/air
interface, with properties differing from the original unmodified
soil surface (Stigter, 1985). Stigter (1984a, 1984b) reported that
45% of the useful information on mulch use supplied by participants
to a newspaper questionnaire in Tanzania was exclusively on food
crops while only 10% was on cash crops and in the remaining 45% of
mulch information there were examples taken from both cash and food
crops. In his review on mulches iIn Tanzania he noted their general
use Tfor reduction of water evaporation, improvement of soil
temperatures, control of weeds, runoff water conservation,
improvement of soil chemical properties after decomposition,
improvement of soil microbial activities, and improvement of soil

physical properties inter-alia. Reviews of early literature on many
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of these subjects may also be found in Davies (1975), but are now
common knowledge- Below we have limited ourselves to the essentials
needed for this study and mainly quoted more recent literature on

these subjects.

2.5.2 Use of mulches in alley cropping

In review, mulches in alley cropping have been used for the
provision of soil nutrients upon their release on decomposition
(e.g Mugendi et al., 1994), for soil erosion control where the
decomposition rate of the mulch is low, for moisture conservation
upon retention of overland flow, reduction of soil evaporation as
well as for the amelioration of soil temperature for enhanced crop

production (Lai, 1989).

In his experiments at Katumani, Mugendi (1990) reported some cob
yields per plant benefits (which is equivalent to expressing it as
yield per row) between the alleys. This yield performance, however,
seemed to depend on seasons and crop variety. Mwangi (1989) and
Mugendi (1990) have observed that incorporation of mulch into the
soil may result in additional nutritional value of the grains, as
evident from higher concentration of the nutrients in maize grains
of agroforestry compared to sole maize control. From experiments in
two very contrasting seasons, the performance of maize in the
mulched plots depended on season, mulch rate, and mulch type and
was better in the wetter season (Mwangi, 1989). 1In his work at

Machakos with the DARP, Nyamai (1987 ) found that Leu.cd.ena. mulch
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when 1incorporated into the soil and used as manure increased the
cob yields of maize and sorghum per row by 13% and 4% respectively

when these crops were grown in the alley formed by the Leucaena.

Several seasons of data by Mungai (1991), also reported by Mungai
et al. (1996b), revealed that the maize grain yield per row in the
AF treatment with cassia was higher than in the control above about
150 mm of total seasonal rainfall, although this iIncrease was never
sufficient to compensate fTor the cropping area ™"lost" to -Cassia
hedges. It was noted, however, that when the rainfall was below
about 150 mm the opposite was true. In the worst case of the short
rains of 1987, there was no crop yield from agroforestry plots even
with the mulch while there was crop yield in the control plot. We
also refer back to the work of Kiepe (1995) in Machakos discussed
in section 1.1 where on average only the sole mulch plot gave
appreciable vyield improvements and only for maize. Mulch was

limited there by the biomass growth of senna.

2.5.3. Surface mulches as barrier

IITA established in Nigeria that the erosion control of a good
mulching practice by pruning from hedges is likely to have a much
greater benefit on crop yields than any other type of bund or
terrace per se (Okigbo and Lai, 1978). Mannering and Meyer (1963)
have reported that mulches reduce surface sealing, as indicated by
increased infiltration rates, and also decreased rainfall and

runoff energy for soil particle detachment and transportation. This
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was evident in the reduced soil content in runoff measurements. The
mulches on the soil surface intercepted the falling raindrops and
dissipated their kinetic energy, hence preventing detachment of
soil particles. This consequently reduced sealing of the soil
surface, enabling water to move into the soil profile instead of on
the surface as runoff. OF importance in their study were the
mulching rates. They noted that mulch rates of 1, 2 and 4 tons per
acre provided sufficient protection from the rain drop iImpact
energy to prevent the destruction of soil surface structure.- At the
same time, the effectiveness of the mulch in maintaining high
infiltration was highly correlated with the percentage of surface
cover. In Nanyuki, Kenya, 3 t ha"l of maize stalks were found to be
sufficient to increase soil moisture considerably on a 3% slope

(Otengi, 1996).

In the East African highlands, Othieno ((1975) and Othieno and
LayCock (1977) showed that mulches were the most appropriate for
controlling runoff and soil erosion as well as iIncreasing yields in
plantation crops. Khatibu et al. (1984) observed in Tanga and
Zanzibar the effectiveness of mulches iIn the reduction of runoff
and soil erosion. In the unmulched plots, 10% of the total rainfall
was lost as runoff as compared to 0.01% from the mulched
treatments, while the total soil loss from the mulched treatment
was only less than 4% of that of the unmulched plots. In further
work In Tanzania, on the evaluation of 6 t ha"l of straw mulch

compared to bare plots for the control of runoff and erosion,

40



Ngatunga et al. (1984) showed that mulched plots were effective in
the control of soil erosion, even on steep slopes of up to 22%. In
Taiwan, Wang (1984) observed that soil erosion control from citrus
orchards mulched with 10 t ha"l1 of weeping love grass was as good as
with level bench terraces. Greb et al. (1967), working with straw
mulches, found that increasing quantities of straw mulch gave small
but consistent increased storage of soil water, during the summer
fallow years tested. Also early literature on this subject, like on

all effects of mulches, may be found reviewed in Davies (1975).

The effects of different types of mulches on the soil have been
investigated by several workers. We gave already a quantitative
example from Lai (1976b) 1iIn section 2.2. Also earlier work, for
instance Swanson et al. (1965), Adams (1966), Barnett et al. (1967)
and Meyer et al. (1970) have shown that though mulching can prevent
runoff and soil loss, iIts effectiveness depends on the quantity of
crop residue as well as on slope gradient. Meyer et al. (1970)
showed straw mulch rates of 0.56 and 1.12 t ha"l to reduce soil
losses to less than one third of those from unmulched areas during
a series of intense simulated rainstorms. A 2.24 t ha"l rate
decreased soil loss to only 15% of that of no mulch, and the 4.48
and 8.96 t ha"l rates reduced it to less than 5%. These results were
obtained from a 15% slope and the reduced velocity due to mulching
accounted for much of the resulting decrease in soil erosion. Stone
mulches have as well been investigated by several workers. For

example Chapman, Tsiang, Hide and Jung, cited by Lai (1976b), and
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Meyer et al. (1972) reported that stone covers increase surface
roughness and prevent surface sealing, thus decreasing runoff and
soil loss. What seems to happen in stone mulches is that they help
to absorb water, check erosion, reduce evaporation and narrow the
temperature fTluctuations between day and night. Nurzefa (1990)
physically simulated stone covers iIn the Kenyan highlands at Kabete
and showed that the percentage surface cover of the soil was
exponentially related to the soil loss, with a correlation
coefficient ((2) of 98%. In Israel, stone covers of 25 and 50%
levels on a loamy soil were shown to have significant effects on
both the infiltration rates and soil erosion (Agassi and Levy,
1991). Laboratory studies also have shown that infiltration rates
increased when rock fragments were on the soil surface, while
infiltration decreased when they were embedded in the soil surface
(Poessen et al., 1990). Lawes cited by Lai (1987) showed that
mulching improved total porosity and that infiltration rates in

mulched plots exceeded 12.5 cm per hour.

In an effort to explain the mechanisms of water Jlosses from
rainfall, a simple water balance equation as shown below indicates
the various ways in which rain water loss occurs:

P = ET + Rn + L where P 1is precipitation in mm, ET is actual
evapotranspiration in mm (Esoil + Tplant + Eplant), where Esoil 1is
evaporation from soil, Tplant is transpiration from plants and
Eplant 1is evaporation of intercepted rainfall. Rn is runoff in mm

and L are percolation losses in mm. It is Tplant, which goes to
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crop production, which water management technologies ought to
improve on. Tplant can, from the agronomic point of view, be better
expressed as water use efficiency (WUE), which refers to the water
used to produce the yield per unit area. Gregory (1989) defines it
as the shoot dry matter over the total rainfall less the ways In
which water is lost for production, by evaporation, runoff and deep
drainage. He makes the assumption that Tfinal grain yield is
proportional to shoot dry matter. In the semi-arid areas, where the
rainfall is erratic with high runoff and evaporation losses, .Tplant
may be low and consequently WUE will also be low. It should be
noted here that the roots also form a fraction of the total plant
biomass, but what is mostly considered is the above ground biomass.
This root biomass has been estimated for cereals (e.g millet) in
the semi-arid areas as 0.10-0.15, as a fraction of the total plant
mass at maturity (Gregory and Squire, 1979). This fraction is
frequently higher, 1in the order of 0.15-0.20, in legumes (Gregory,
1987). Because of the above, using grain yield or other total above
ground biomass yield per unit of water transpired (or per total
water received in rainfall and/or irrigation) 1is a better way of

expressing WUE.

Experiences in FAO (1984) has shown that cultural practices such as
tillage will accelerate evaporation from the plough layer, although
self mulching may occur, while deep tillage may IiIncrease water
losses when the land is fallow. At the same time, mulching with

crop residues may be a disadvantage where soils are intermittently
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wetted because the absorbing organic matter remains wet much
longer, thus iIncreasing evaporation, and remains ineffective as an

evaporation barrier.

2.5.4_. Effects of mulches and additional shading on soil
temperature.

Mulches act as cushions on the soil surface by intercepting solar
radiation, hence reducing its direct effect to the soil. They can
transmit, absorb or reflect incoming radiation and this depends on
a number of factors. In shaping soil temperatures, the key factors
are sky condition, soil moisture content, colour and porosity as
well as, plant and/or other surface cover, including surface
configuration (Stigter, 1985). Mulches absorb more radiation if
their colour reflects little solar radiation. For instance Budelman
(1989) while showing that mulching reduced soil temperatures at 5
cm depth, further noted that mulch from Leucaena Jleucocephala
absorbed more radiation, resulting in increased soil temperature,
due to its dark colour. At the same time, less radiation reaches
the ground surface under mulches and where there 1Is excessive
canopy cover (in case of live mulch) shading the soil. In addition,
mulches create an insulation layer in which air can be assumed to

be stagnant or slowly moving by convection (Stigter, 1984b).

The use of mulches have been found not only to retain high moisture
content but also to attenuate the increase of soil temperatures

(Tian et al. 1993). In the rehabilitation of the Sahelian forest
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barren lands, Chase and Boudouresque (1987) found mulches to reduce
the daily fluctuations of both surface and profile soil
temperature. The decreased temperature fluctuations may have been
due to the direct result of mulch shading and increases iIn soil
moisture, which by 1increasing soil heat capacity stabilises soil
temperature. Lai (1987) also showed that mulching, in this case
with crop residues, regulates soil temperatures. Germination and
seedling establishment of crops are adversely affected by high soil
temperatures. For 1instance, when cleared and clean cultivated,
soils with coarse textured sandy surface horizons have been shown
to experience temperatures of 40-50°C at depths of 1-5 cm for as
long as 3-6 hours a day (e.g Lai, 1987 ). Seed germination requires
optimal temperatures below or above which seed performance will be
affected, leading to poor yields or even the death of seeds.
Itabari et al. (1993) at the Machakos farmers training centre farm,
showed that maximum bare soil temperatures at 2.5, 7.5 and 12.5 cm
not only exceeded the optimal temperature for maize seeds, which is
in the order of 34°C above a basal temperature of 6°C, but that
mulching decreased soil temperatures during the Tfirst 8 days of
planting by 6.2, 2.8 and 0.8°C at these soil depths. The use of a
crop residue mulch of 4-6 t ha"l has been shown to regulate soil
temperatures by decreasing the maximum near soil surface (G cm
depth) temperature by as much as 5-10°C (Lai, 1987 ). Singh et al.
(1989) observed that shading of crops close to the hedgerow
modified the environment during the first 45 days of the cropping

season. Shading of the crops at the edges of alleys increased from
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30 to 85% of solar radiation 1in cowpeas/Leucaena alley cropping.
They noted that the yields of cowpea close to the hedge were in
their case much lower than in the middle of the alley. This may,
however, also have been fTully or partly a competition effect for
other inputs other than light. This shows the importance for
studying shade, temperature, moisture and root effects
simultaneously (Mungai, 1991). Mungai et al. (1996b) indicated that
without surface mulch there were seasonal average soil temperature
depressions of 2.5, 0.8 and 2.8° C at 7.5 cm depth iIn the eastern
middle and western part of the alley below that of the control plot
in a cassia/maize agroforestry system. In this experiment at
Machakos, 1t was concluded that soil temperatures in the N/S rows
were good indicators of shading patterns. This observation shows
that the effect of for example dry grass mulches on soil
temperature is indeed consisting of an important shading component
(at night reduction of 1long wave radiation escape) and an

insulation component.

In mulched tea, both shading by the canopy and mulch as well as
other mulch factors (architecture, moisture condition, wetness,
degradation state) have been found to influence diurnal
fluctuations in soil temperatures (Othieno and Ahn 1980; Othieno et
al. 1985). Moreover, when the foliage cover 1is more than about
60%, such fTluctuations in soil temperature (and their differences
between mulches) become very small (Othieno, 1982). Otengi (1996),

using Stigter®s ratio as an indication of temperature dynamics in

46



mulched and unmulched soils, showed that for a relatively light
mulch of maize stalks (3 t ha"l), there was a clear additional shade
influence of Grevillea robusta trees on temperature dynamics in
mulched soil and shading as a function of distance to the tree
could be recognized. Othieno et al. (1985), using Stigter®s ratio,
were able to select mulches suitable for erosion control in tea but
influencing temperatures least, in highland Kericho area in Kenya.
Too low soil temperatures caused shallow root growth and subsequent
dying at the first drought. Soil temperature dynamics also provide
insight iIn mulch degradation rates. Additionally, Bussiere and
Cellier (1994) in Guadeloupe measured and also used Stigter”s ratio
to estimate the thermal effects of mulch. The mulch which had been
laid on the soil two months earlier induced lower daily temperature
amplitudes and a decrease in average soil temperature of about 6K

at 2 cm and 20 cm depth all through the period of 16 days.

2.6 Light interactions in alley cropping

The sum of reflected, transmitted and absorbed light by a crop
equals the incident light on the plant canopy. Photosynthetically
active radiation (PAR) or light which is absorbed by the foliage is
a primary 1input for crop growth and yield formation, determining
rates of photosynthesis. Its contribution to the other part of the
energy balance is less than that of the non-PAR in solar radiation.
Light is used for biomass production by chlorophyll and other leaf
pigments. This 1is the part of the electromagnetic spectrum with

wavelengths 400-700 nanometres (nm). The part of the PAR that is
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not absorbed by the crop is either reflected by the canopy or soil
surface or absorbed by the Ilatter. The measurement of PAR s
essential in studies of light relations in tree and crop canopies.
Knowledge of the spatial and temporal variation of the available

PAR is useful in the design of overall systems and the optimisation

of crop yields crop yields (Newman, 1989).

The 1interaction of PAR with the canopies of Tfour crops was
characterized by Wilson (1981) by calculating the percent
reflectance (R) from the canopy, transmittance (T) through the
canopy, and absorptance (A) by the canopy, as follows: Ri = 100 =
R+ T+ A, with R = Rr/Ri)xI00, where Ri = incoming radiation
measured above the canopy; Rr = Reflected radiation measured above
the canopy; T = (Rt/Ri)xI100, where Rt = Incoming Radiation measured
below the canopy. So A = 100-T-R. This relationship for computing
PAR absorption represents a PAR balance for PAR impinging on the

canopy.

Wanjura and Hatfield (1986) showed that canopy reflectance is low
in the PAR region. They further observed that reflectance increases
rapidly beyond 700 nm near infrared (IR) region and is affected by
internal leaf structure. As Ileaf area increased, there was a
corresponding increase in near IR reflectance and PAR absorptance
and a decrease iIn PAR reflectance and both PAR and near IR
transmittance. Because this study was carried out using sole crops,

there would be variations when alley cropping is considered, but
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the principles remain the same.

For instance, studies at ICRISAT (International Crops Research
Institute for the Semi-Arid Tropics) in India have shown that
intercropping can produce more biomass than monocropping, due to
increased PAR interception by the intercrop system (Marshall and
Willey, 1983). 0Ong and Black (1992), 1in India, showed that
intercropping pearl millet with groundnuts produced 15% more of PAR
radiation interception compared to sole pigeon pea and twice that

intercepted by the sole groundnut.

Monteith, cited in the Delta T Sunfleck Ceptometer user manual
(1989), observed that dry matter production of a plant canopy is
directly related to the amount of PAR intercepted by the canopy.
Dry matter production can be modelled in three terms:

P = efS, where P = amount of dry matter produced (g m2), S = the
flux density of PAR on the crop, T = the fraction of seasonal
incident radiation absorbed by the crop (%), e = the conversion
efficiency, where (e) and (F) are determined by crop physiology
and management. For TTMI-Project results with this formula, see
Muniafu (1991), who observed that the decreased yield of beans
under water stress was due to a decreased assimilatory leaf area,
which led to a decline in the amount of PAR absorbed (F) as well as
a reduced photosynthetic rate caused by a drop in photosynthetic
efficiency (e). When plant growth is not limited by either water or

nutrients, the amount of biomass produced is limited by the amount
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of radiant energy that a foliage can absorb after interception
(Monteith et al., 1991). Many trials with arable crops and a few
trials with trees have demonstrated that, biomass production per
unit of intercepted radiation, or light use efficiency (LUE) or
conversion efficiency (e) 1iIs a conservative quantity, provided
stress is minimal. This (e) is usually between 1.0-1.5 g MJ*1 for C3
plant species in temperate climates and between 1.5-1.7 g MJ"1 for
C4 plant species in a tropical climate (Monteith, et al., 1991).
Coulson (1985) has estimated PAR interception as 63% of the total
radiation and light use efficiency (e) for three bean cultivars, in
his work at Kabete, Kenya as 1.6 g MJ*1. Muniafu (1991) also
calculated the PAR for the bean plant as 1.6 =+ 0.1 and 1.3 + 0.2 g
MJ*1 for high and low water treatments respectively. This was in
agreement with Russel et al. (1989) reporting of (e) for annual
crops as ranging from 1.2-1.7 g MJ"1. Hughes et al. (1981) have
reported a value of 1.2 g MJ"1 in their work on dry crop pigeon pea
(Canjanus canjan). But Linder cited in Russel et al. (1989),
reported a value of (e) of 0.9 g MIJ*1 (PAR) for Eucalyptus globulus
in Australia over 1its first ten years and an average 1.7 g MJ1l
(PAR) for a number of evergreen stands, up to 55 years of age,
including the conifers Pinus radiata iIn Australia, Pinus sylvestris
in Sweden and England and Pinus nigra and Picea sitchensis in
Scotland. The PAR 1is about 0.5 of the total radiation for solar
elevations greater than 40° and this ratio is rather constant but
somewhat varies with the sky condition, estimated as 0.51 = 0.01

for cloudless days and 0.63 + 0.02 for heavily overcast days
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(Stigter and Musabilha, 1992). Taking PAR in days which don"t have
similar cloud cover will produce variation iIn the amount of PAR

used for the calculation of (e).

Moss (1992) working with coconuts and using a mobile sampler for
PAR measurement, found palms planted at higher densities to
intercept more light than those of lower density and that using
potassium as Tfertilizer increased Jlight interception, hence
demonstrating how energy use efficiency (LUE) 1is influenced by

nutrient supply.

Alley cropping creates a general situation where in space and in
time more radiation is absorbed by the resulting canopies of the
two joint components, than by the sole crops. Monteith et al.
(1991), at ICRISAT, noted that the purpose of growing pearl millet
between the rows of Leucaena was to intercept more light throughout
the year and therefore to produce more biomass. It should be noted,
however, that alley cropping may result in competition fTor the
available light and hence planting configurations limit the total
dry matter jointly produced in the two components. When properly
managed through pruning, hedgerows exert reduced shade and
competition. Oduol (1994) notes that light 1interception in his
work at Machakos and Maseno in Kenya with maize/Sesbania alley
cropping was variable and was dependent on crown form. It has also
been shown that accumulated dry matter in the trees was linearly

related to accumulated 1intercepted vradiation just as [light
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interception depends on the leaf area index of the canopy structure

of annual crops (Monteith, 1977; Cannel et al, 1987).

2.7 On-farm research.

With increasing pressure on the land, in Machakos district largely
due to migration of people from the high and medium potential areas
to the sloping semi-arid areas, it has become necessary to
demarcate land into small portions. This has resulted in continuous
cropping on the same pieces of land, with consequently declining
crop yields as a result of land degradation. Farmers have used
traditional techniques of soil and water conservation. An important
example are "Fanya juu'" terraces (earthen embankments of ridges of
earth constructed on the contour across a slop”with the soil dug
from the trenches thrown upslope to control runoff and minimise
soil erosion, by modifying slope length and degree). Other examples
are cut-off drains, stone terrace structures, dgrass strips, wooden
check dams, trash lines and mulching, all iIn efforts to minimise
soil erosion and enhance insitu water conservation for enhanced
crop yields. Some of the techniques of soil conservation, such as
"Fanya juu™ terracing, are put up with huge costs, as noted from
the surveys conducted iIn Eastern Kenya (Kinama et al., 1995;
Gichuki, 1991) and have to be repaired from time to time. Mortimore
et al. (1994) note that there has been a greater Iincrease in the
use of terraces as soil and water conservation structures in most
farms iIn Machakos district over the years, with the cropped land

looking better conserved than the grazing lands.
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After half a century of failed soil conservation projects in
African developing countries, Critchely et al. (1994) observe that
conservation experts and policy makers are changing their strategy
for conservation by recognising the previously ignored traditional
indigenous soil and water conservation practices by the land users
themselves. A review of conservation practices by Wangia and Tory
(1994 ) shows that a number of factors have affected the rate of
adoption of soil conservation practices: (@ where land tenure is
clearly defined, structural practices are the predominant soil
conservation methods on individual and on communal lands; (b)
labour and tools required to install structural practices are still
major constraints; (c¢) adoption of agroforestry practices, use of
fertilizers, manures, mulching etc 1is still quite low although
there 1is good knowledge of these practices. Although economic
benefits of soil conservation are not yet quantified in African
countries, a few studies show that soil conservation is profitable,
such as iIn the case of soil conservation in Kalia location, Kitui
Kenya (Tjernstrom, 1989). This author also notes that the level of
household income influences the level of soil conservation

activities.

Farmers have also continued to wuse their traditional seed
varieties, which they have managed to breed and select over many
years of trial and error for their special qualities such as taste,
large grain size, colour, disease and pest resistance as well as

drought tolerance. Any new technology which would reduce the costs
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of soil conservation or minimise the risks of crop failure will be
a great saving to the farmer. The scanty data availlable show that
alley cropping has a great potential for protecting the sloping
drylands (Young, 1989). In Embu, for instance, Raintree (1983) has
mentioned the benefits of alley cropping as the build up of erosion
control bunds with minimal costs, provision of mulch for fertility
build up and erosion control, provision of supplementary feed,

especially during the dry season, inter-alia.

In the research station, alley cropping techniques of protecting
sloping lands can be compared with the use of grass strips. As the
use of the grass strips is a traditional technique of soil erosion
control, this provides a link between the on-farm and on-station
research and it gives the farmer an opportunity to evaluate by
demonstration the new technology of alley cropping along with the
traditional grass strips he has been using. What seems to determine
technology transfer and adoption is the perception of Tfinal
benefits which the farmer will reap from the new technology. For
instance, the fast rate of adoption and adaption of contour
hedgerows i1n Philippines was directly attributed to both cash and
erosion control benefits (Fujisaka, 1993). Other factors also
determine the rate of technology transfer and adoption. In Kenya
the national extension programme in the Ministry of Agriculture,
Livestock and Marketing has for a long time been used for the
transfer of research developed technologies to the farmers as it is

more known to the Tfarmers than the researchers. Onyango (1995)
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notes that there has been a rather weak research-extension liaison
in Kenya and this may have affected transfer of developed
technologies 1in research centres to the farmers. The same author
further notes that "Fanya juu" terraces have been widely used
despite the high construction costs, possibly because of the
"myethya" groups, where groups of local farmers, unite to do group
work on their private farms mainly in the construction of terraces.
This group work via the" Myethya'"™ groups has enabled low external
input resource poor Tarmers to effect the construction of expensive

"Fanya juu" terraces 1in this area.

Over the past, research on new technologies was done at the
research stations and the validation of these technologies would
later be done on selected farmers® fTields where the fTarmer would
normally provide labour and land. The farmers are then supplied
with seed and fertilizer from the research station. The researcher
would be coming to monitor the progress of the new technology from
time to time. Because the technologies were developed at the
research station and the researcher believed they would be superior
to current farming practices of the farmer, it is likely that the
farmer will take them with suspicion and as belonging to the
researcher, as the farmer 1is only involved in the last stage of
validation. As the farmer 1is reluctant to part with the farming
practices he has used over many years (Oteng®"i, 1996 ), the best way
to convince a fTarmer of the benefits of a new technology is to

involve him in all the stages of technology development, testing
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and actual adoption (Lai, 1991). As agroforestry research aims at
developing appropriate agroforestry technologies and their transfer
to the Tarmers for use (Nyamai, 1995), it is important that the
developed technologies are transferred to the farmers using the
best machinery and personnel for their effectiveness. Musyoka and
Kaluli (1991) note that the Kenyan Ministry of Agriculture,
Livestock and Marketing 1is better placed for the transfer of
agricultural technologies, while the Ministry of Environment and
Natural Resources is better placed for the transfer of agroforestry
technologies, due to their specialised training in agriculture and
forestry respectively. A careful coordination of these agents of
technology transfer is crucial to avoid duplication and mix-up of

efforts.

Participatory research represents one way to expand our
agroforestry research capabilities in the complex conditions fTaced
by the rural people (Rocheleau, 1991). Mulle (1984) argues that
improved technology does not exist until and unless farmers are
aware of it, have adopted it and the technology results in higher
incomes than would be received from the use of conventional
practices. In essence, higher yields under experimental conditions
are not sufficient evidence for consideration that research has
improved decaying traditional practice. Experience with dryland
farming in Machakos district indicates for example that recommended
plant population for dryland composite Katumani maize had not been

adopted by the farmers as expected. Rather, the fTarmers plant Ilow
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plant populations as a safety against risks of losing yields or
even getting a crop failure when the rains are below average, while
higher yields are generally the researcher®s criterion (Whiteman,
1981). The lesson to learn from such experience (e.g also Chambers,
1983 and Richards, 1985) is that of doing research both on-station

and on-farm, with the farmer as a partner.

Carrying out on-farm research may also ensure that the most
relevant aspects of the technology reach the farmer at costs they
can afford. The involvement of the farmer 1iIn the problem
identification, technology development and testing within the
context of the farmers constraints will lead to easy adoption of
the outcome of the technology as the fTarmer will be proud of
his/her own efforts. For example iIn the Philippines, the adoption
of hedgerows for erosion control and timber for cash was as result
of involving the farmer in the on-farm research. The direct cash
benefits for the farmer from the adopted technology (Fujisaka,
1993 ) convinced the farmer of the usefulness of the new technology.
This fTarmer participation has also been brought up by Lai (1991),
where he points out that it is the approach to research that Iis
crucial and further stresses that the existing research networks,
such as those organised by ICRAF and IITA, should address the issue
of involving traditional cropping systems, native shrubs and the
interests of the farming community. In fact, on-farm research in
Nigeria indicates that the most appropriate outcome in the on-farm

research is the farmers® interest (Summerg and Okal, 1988). Indeed,
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it iIs now being realised that small scale farmers will not adopt
any technology which excludes the minor crops valued by the farmers
along with the base crops such as maize and cassava 1in Nigeria
complex crop mixture (lkeorgu et al. 1989). This is a point worth
considering while 1issuing recommendations to incorporate some of
the minor crops grown by the farmers. Through close interactive
monitoring of the on-farm research activities, farmers can identify
specific technical problems and solutions that may be most
appropriately addressed on the research station (Okali and Sumberg,
1986a). Sierra Leone farmers ability to experiment with new genetic
materials and their ability to match rice varieties with particular
niches (Richards, 1985) 1is a case in point to demonstrate the
usefulness of taking advantage of indigenous technical research
knowledge of the farmer, to advance on-farm research. In a case
study at Kilimanjaro, Tanzania, agroforestry practices, developed
out of a cultural awareness of ecological fragility and land
pressures, seem to have helped to maintain a large and expanding
population in an area prone to erosion and soil degradation
(0"kting"ati and Mongi, 1986). In their case study, soil erosion
inside the agroforestry farms appeared to be minimal compared with

that on land not under agroforestry.

Moreover, labour constraints were mentioned earlier in chapter 1 as
one of the problems facing farmers in the semi-arid areas of Kenya
(Rukandema, 1984). As Allan (1988) puts it, the central role of

labour time has been highlighted by many diagnostic on-farm
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research studies in southern Africa, which indicate that farmers
often compromise on crop and livestock management, not because of
lack of knowledge or Ilack of cash to purchase inputs or because
inputs are not available, but because of time constraints.
Appropriate production increasing innovations may therefore not be
adopted because of their implications for labour time. For example
the experiences of the Kenya Dryland Farming Research and
Development project led to the conclusion that the rate of adoption
of innovations was disappointingly poor (Tessema, 1983). The.latter
author observed that Kenyan farmers valued their leisure more than
the gains they could get from clearing bush to encourage good
forage growth. It seemed therefore that in terms of labour use,
farmers choose the least burdensome way of doing a job, even if

they were aware that an increased input will give a higher return.

One of the traditional techniques of soil and water management is
early land preparation and early sowing in order to take advantage
of soil moisture from the early rain showers. Early work on Taboran
maize iIn Machakos by Dowker (1971), relating maize grain yield to
the time of planting for three consecutive years 1959-1962, showed
maize grain yield reductions to range from 4.7 to 6.3 % for every
day"s delay 1in planting. The best yield in this case was often
obtained with seeding in a dry soil before the onset of rains. Late
planting by the fTarmers 1is therefore likely to delay useful fTarm
operations such as weeding and result 1iIn yield reductions iIn

eastern semi-arid Kenya. Although many Tfarmers appreciate the
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advantages of dryplanting and early planting, they argue that the
causes of delayed farm operations during the dry season stem from
the poor condition of draught animals which are normally weak due
to lack of feeds, hard, dry and difficult to plough soils as well

as use of blunt tillage tools.

In the Dryland Agroforestry Research Project (DARP), alley cropping
was introduced to a group of farmers and schools, at Kakuyuni
Catchment 1iIn 1985, in the form of on-farm trials, for 1t was
believed that it is on the farm where situations are more realistic
for testing an innovation than in the research station. This was
done in order to monitor the performance of the alley cropping on
the fTarmers® Tields versus the on-station research which had been
initiated by the DARP project at Katumani, Machakos. The yield
results are not very clear as they are expressed in cobs per alley
and are still iIn grey literature, but there is evidence that
adoption of alley cropping by farmers has been poor as must be the
also more general conclusion (Carter, 1995). This has been
attributed above to such factors as labour requirements,
competition of trees with crops resulting in lower yields than
earlier thought, lack of sufficient inputs, lack of profitability,
risks in general as well as food security, and the time factor
before alley cropping benefits are realised by the farmer inter
alia. Nevertheless, farmers have Dbeen found to Dbe quite
knowledgeable in tree husbandry in marginal areas. For instance,

(Blomley, 1994) notes that Melia volkensii has been used by Kamba,
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Embu and Tharaka eastern Kenya farmers for their fuel and timber
needs. Forest products like wood carvings have been one of the
sources of income for the farmers iIn Machakos district (Mortimore
et al. 1993). It may therefore be expected that more on-farm
research carried out iIn Eastern semi-arid sloping Kenya under the
farmer situation characterised by the above mentioned constraints
will shed some more light as to what can be improved in traditional
soil and water conservation techniques/alley cropping to boost the

farmers®™ economic yields.
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CHAPTER THREE.

3. MATERIALS AND METHODS.

3.1. Experimental site and field design.

3.1.1. Experimental site.

The on-station trials were conducted at ICRAF"s Research Station
at Machakos, which is about 70km South East of Nairobi and 7km from
Machakos town. The station lies between latitudes 1° 30" and 1° 35¢
South and longitudes 37° and 37° 15"East. It has an altitude of 1560
metres above sea level with slopes ranging from 0 to 22% while the

experimental plots were established on sloping land of about 14%.

The site 1is semi-arid, receiving from between 310-370 mm for the
short rains, which are from mid-October till January, and 300-410
mm Ffor the long rains, which are from mid-March to July (see also
the details in chapter 1). The soils are sandy clay loams over
sandy clay developed in situ on rocks of the precambrian basement
complex. The soils are about 150 cm deep and have been classified
as chromic luvisols (Kibe et al., 1981). The same author revised
the soils as Haplic Lixisols (FAO/UNESCO, 1988) or Kanhaplic
Rhodustaff (Soil survey staff, 1990). They are dark reddish brown,
sandy clay loam becoming sandy clay at the lower horizons (more
details are already in chapter 1). Due to low structural stability,
the soils are prone to slaking, highly erodible and prone to
surface capping by intense rainfall. This risk is enhanced by low

sub soil permeability (Kiepe, 1995).
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3.1.2 Field design

The experimental plots were on land which had been under alley
cropping, with hand hoe cultivation, and long term runoff/soil
erosion monitoring since the establishment of the hedgerows in
1988. Grass strips (Panicum maximum) were established earlier, in
1984. The plant rows, the grass strips and the Senna siamea
hedgerows were contour planted in about E/W directions. The
experiments covered in this thesis were done over a period of six
seasons. During the short rains cowpeas (Vignia unguiculata, cv.
K80 or SK-27) were planted while maize (Zea mays, cv. Katumani
composite B) was planted during the long rains. Senna siamea, a
non-nodulating leguminous tree, was chosen because it was among the
few multi-purpose trees/shrubs considered suitable for the area as
contour hedgerows barriers. The tree species is drought tolerant
and suited to the local semi-arid conditions as reported by Rao and
Westley (1989). Its mulch is suitable for erosion control purposes

because of the high amounts of tannin in the mulch (Kiepe, 1995).

Katumani composite B has been bred as a drought escaping crop for
the semi-arid areas and has been widely adopted by the local
farming community (Njoroge, 1984). The cowpeas have also been bred
as a drought tolerant and high yielding variety and are popular
with the farming community. Both the used varieties of cowpeas, K80
and SK-27, as well as the Katumani composite B were bred by KARI"s

National Dryland Farming Research Centre, Katumani, and the farmers
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use these maize and cowpea varieties along with their local
varieties, because they mature earlier as compared to the local
varieties, their taste 1is appealing and they are a source of
income. Maize is the staple food while the cowpea is among the main
grain legumes used as food in Eastern Kenya. After the short rains
of 1992/93, the K80 was replaced with yet another high yielding and
drought tolerant variety SK-27 from Katumani which was used for the
rest of the research period. This was done because there was not
enough K80 seed at the ICRAF Tield station Tfor use -in the

experiments.

Senna siamea loppings obtained from the hedgerows were used as
mulch. The hedgerows were cut to a height of 25 cm two weeks before
the onset of the rains and spread uniformly on the soil surface. No
external source of mulch was used except that from the hedgerows in

the experimental plots.

The study consisted of fTive treatments with no replicates. The
plots measured 10 m width x 40 m downslope and it was the sampling
procedure which was replicated. This means that sampling points
were replicated iIn each plot. The following treatments were used:
Treatment 1. Maize or cowpeas control. (C)
Treatment 2. Maize or cowpeas + Senna siamea mulch (+ M)
Treatment 3. Maize or cowpeas + Senna siamea hedgerow + mulch
(H+M)

Treatment 4. Maize or cowpeas + Senna siamea hedgerow with no
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mulch (H-M).
Treatment 5. Maize or cowpeas + grass strip with no mulch

G-\

There were Tour rows of maize in the alleys formed by the sSenna
siamea hedgerows. These hedgerows were 4 metres apart and within
row plant distance was 25 cm. The closest maize row to these
hedgerows was 50 cm. The spacing of the maize with on land area
lost to the hedges was 100 cm by 27 cm, which gave a population of
37,037 plants/hectare. The G-M treatment had a population of 33,333
maize plants/hectare because the seven grass strips occupied an
area of 70 m2,. The cowpeas between the hedgerows were planted at a
spacing of 60 cm by 20 cm, with 10% of land lost to the hedges
which gave a plant density of 75,000 plants per hectare in the H+M
and H-M plots and a plant density of 83,333 plants ha"l in the C and
+M plots. The G-M plot had a plant population of 72,917 plants ha"1
as 70 m2 was taken up by the grass strips. The distance from the
hedgerow to the first row of cowpeas was 50 cm. There were six rows
of cowpeas in the alleys of the agroforestry plots. The distances
from the grass strip to the fTirst row of maize and cowpea were 50

cm respectively.

No mulch was applied in the C plot. The second plot had its mulch
obtained from the Tfourth, hedged, plot which had no mulch, while
the third plot had mulch from its own hedgerows. The fifth plot had

grass strips forming the alley and had no mulch. It had ten rows of
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cowpea and five rows of maize. The grass strips were cut two weeks
before planting and at harvest. No fertilizer was used during the

siXx seasons of measurement.

3.2. Rainfall and other routine parameters.

Apart from rainfall data, on both total amount and distribution,
other meteorological parameters such as pan evaporation, air
temperatures, relative humidity, wind speed, total radiation and
sunshine hours are monitored in ICRAF"s Tield weather station. The
weather station was set up iIn the early 1980s in order to provide
meteorological parameters for proper crop/agroforestry management
practices 1In the semi-arid areas. The needed climatic data from
this weather station were extracted and used for experimental data
interpretation. The rainfall amounts were used in the water balance
equation, the windspeed was used for comparison with the windspeeds
measured near the plots, the air temperatures for comparison with
the soil temperatures in the plots, total radiation for the
computation of light use efficiency and pan evaporation for the

comparison with soil evaporation in the experimental plots.

3.3. Set up of field quantifications.

3.3.1. Runoff and soil loss.

Runoff and soil loss were measured by collecting tanks measuring 1
m3 and tipping buckets measuring 3 litres which were placed at the
bottom of each runoff plot (fig. 3.1). The collecting tanks were

connected to the runoff plots via PVC tubes which collected both

66



KEY

+M
H+M
H-M
G-M

Control
Mulch
Hedge + Mulch

Hedge - Mulch
Grass-Mulch

SCALE 1:500

+ M H+M

a

(0]0)

00

£ .

* Moisture probe access tubes

0 Soil evaporation

>0

Z/\

L1Z2)

X Mulch cover/crop cover

/| PAR measurement

O Grain yield and bigmass yield
W Wind speed and direction

A Soil temperature

IAIN



soil sediments and runoff water from the full 10 m x 40 m plots
after every rainfall event. The collecting tanks were covered on
the top side, thus excluding the possibility of any foreign

material entering into it.

The runoff plots had iron sheets driven into the ground and fixed
at their edges, leaving about 15 cm protruding iIn the ailr so that
only sediments and runoff water from each plot entered into the
collecting tanks and tipping buckets. In the G-M plot, there were
four collecting tanks and no tipping buckets, while in the other
plots, fTor reasons explained below, there were two collecting tanks
and two tipping buckets 1iIn each plot. After the end of each
rainfall event, the quantity of water entering the collecting tanks
was measured using 20 litre plastic buckets. The summation of the
runoff collected from the four collection tanks after every
rainfall event gave the total quantity of runoff in the plot per
season. The clear water from the plastic buckets was separated from
the muddy water through careful decanting. Samples were then taken
from the known weight of the wet muddy soil in the 20 litre plastic
buckets and placed in erosion cups for the determination of the dry
weight sediments after drying them at 105°C in the laboratory and
hence the total dry weight in the 20 litre containers for the plot

per season.

The tipping buckets were designed such that they would tip off

their contents when a 3 litre capacity was reached. One of the two
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tipping buckets was connected to a sampling pipe with seven pores.
This tipping bucket had 1% of its content sampled by the seven
pores on the sampling pipe as sediment# which was stored 1iIn a
connected 10 litre plastic container. The other tipping bucket had
nothing sampled from i1t but had its contents poured down at every
tipping event. The sum of the quantity of water from the two
tipping buckets, added to the water remains iIn the tipping buckets
when they could not tip off because of insufficient collected
water, and also added to the quantity of water from the two
collecting tanks for all the rainfall events, gave the total

quantity of runoff water iIn litres per season per plot.

As for the determination of the total soil sediments in the tipping
buckets from C, +M, H+M and H plots, wet soil samples were taken
from the wet soil sediments in the 10 litre containers and placed
in erosion cups and taken to the laboratory for oven dry weight
determination at 105°C. Using these dry soil samples total dry
weight in the 10 litre containers was calculated. The quantity of
dry sediment obtained from the tipping buckets had to be multiplied
by 200 since only 1% of the total sediment had been obtained from
only one of the two tipping buckets. The sum of the total dry
sediment weight from the tipping buckets and from the collecting
tanks gave the total dry sediment weight in kilograms lost from the

plot per season in the above plots.

A self recording rain gauge which was placed at the bottom of the
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plots was connected to a data logger (CR 21X, Campbell Scientific)
for the purpose of recording rainfall data. The tipping bucket in
the rain gauge would tip off when 0.2 mm had collected in the rain
gauge. From these rainfall tips per second, rainfall intensity was

obtained iIn mm per hour.

3.3.2 Soil moisture

3.3.2. (@)- Neutron probe

3.3.2. a.(i) Introduction

The neutron probe meter measures the volumetric moisture content of
the soil indirectly at various depths of the soil profile, averaged
for the volume of the soil from which neutrons are scattered. This
is a non-destructive method, as it measures soil moisture
availability without taking samples although access tubes have to
be installed. The meter is a probe with a fast neutrons emitter and
slow neutrons detector that senses the moisture content of the
adjacent medium iIn terms of the detector count rates. Our probe
(Wallingford type I.H.111 1.85 GBg.AmBe, Abingdon, Oxford, England)
was lowered inside an aluminium access tube of 4.15 cm internal
diameter, 4.45 cm external diameter and 120 cm length, and the
reading of the count rates 1is related to the required depth.
Aluminium 1is preferred for use as access tubes because it is
relatively transparent for neutrons (Raad, de, 1994). The fast
neutrons will collide mostly with hydrogen nuclei present in the
water molecules iIn the soil medium. After repeated collisions, the

neutrons move at a lower speed and travel iIn a random direction.
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This way a cloud of thermal neutrons will exist around the source.
Some of the thermal neutrons will find their way back to the
source. A detector which 1is situated above the source will detect
the number of backscattered neutrons, which will be a measure of
the hydiogen nuclei in the soil and hence a way of measuring
volumetric moisture. The count rate readings should be related to
the total hydrogen content or moisture of the soil (lbrahim, 1992).
Some soil elements have also an unusually high absorption capacity
for slow neutrons, such as cadmium, boron and chlorine and hence
complicate the interpretation of soil moisture content (Van Bavel
et al., 1963). Care has also to be taken as some hydrogen in the
soil is bound in clay particles or in soil organic matter (Rawlins,

1976) .

Due to the heterogeneity of soils, 1t becomes very important for
each soil type to have its own calibration curve (e.g Ilbrahim,
1992; Oteng®"i, 1996). Differences in slope of calibration lines for
the same soil type may also be due to soil compaction and dry bulk
density (e.g Greacen, 1981). Actually the emission of neutrons from
a spherical volume around the source influences the detector count
rates (e.g. Van Bavel et al. 1963; Ilbrahim, 1992). This is the
sphere of importance (or influence) and is taken as the source of
95 % of reflected thermal neutrons, which means that if all soil
and water outside it is removed, it will yield 95 % of the expected
neutron flux from an infinite similar medium. As follows from the

above, hydrogen content of the soil is the determining factor for
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the sphere of importance. The water in the soil closer to the
source/detector has greater influence in the count rates than that

further away.

According to Visvalingam and Tandy (1972) and Kristensen (1973) @
= 100/(1.4+0.1* (Ot)) cm, where ¢ = 1is the radius of sphere of
importance and Ot is volumetric water content. Van Bavel et al.
(1963) TfTound from a comparable Tformula that data taken with a
neutron probe at a depth of 20 cm and shallower were erroneous for
all water contents below 35 %. The sphere of importance actually
determines the depth at which measurements made could yield data
with minimum error (Oteng®i, 1996). This sphere of importance is
about 15 cm in wet soil and increases upto 50cm in dry soils

(Gardner et al., 1991).

3.3.2. a. (1) Calibration

Calibration is usually made by obtaining the readings of the
instrument for a range of accurate independently determined values
of soil moisture. A calibration equation 1is obtained from the
relation between the readings of the instrument and calibration
values. For our neutron probe it is of the form:

0 =a + bX, where 0 (cm3 an"3) is the volumetric water content of
free water (water released on drying at 105°C for 12 hours).

X = calibration ratio of the count rates in the soil to the count
rates in water, b is the calibration regression coefficient and a

is an intercept.
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The probe meter was calibrated in the field for all the required
depths before it was used in the experimental plots. Four access
tubes were installed near the experimental plots and left for about
two weeks to allow the soil 1In contact with the access tubes to
settle, during the dry season. The installation was done using an
auger which extended up to 1.15 m depth, and a guide tube of the
same external diameter as the access tubes, measuring 1 m long. The
auger head fTitted loosely inside the guide tube. The external end
of the guide tube was fitted with a collar to receive blows from
the rammer (fig. 3.2). It has also holes for a tommy bar used for

turning and withdrawing the guide tube (fig. 3.3).

Disturbance to the ground surface was minimised by using a strong
metal plate, 50 cm by 50 cm by 0.5 cm, with a 4.5 cm hole in the
middle. The 1 m guide tube was used TfTirst and pushed iInto a 30 cm
pre-augered hole. The auger was then used inside the guide tube to
remove the soil to the required depth of 15 cm below the guide
tube. The auger was also used to clear the soil cuttings, then the
guide tube rammed further inside. This process was repeated until

the desired depth of 120 cm was reached.

Soil samples (cores) were taken, TfTour at each of the seven depths
0-30 cm, 30-45 cm, 45-60 cm, 60-75 cm, 75-90 cm, 90-105 cm and 105-
120 cm using 4 soil rings of known volume (100 cm3), from the soil
pit which had been dug at about 10 cm from each access tube. The

soil cores, of a length of 5 cm, were taken in the middle of each
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soil depth to adequately represent each soil depth. Two neutron
probe counts were taken from each of the seven depths together with
four soil samples concurrently. The probe readings were taken half
of each of the soil segments mentioned above. Using the next access
tube (as a replicate) installed 10 m apart, the above procedure was
done the same day for the seven depths so that eight soil cores and
four probe counts were taken from the two similar access tube sites
for the seven depths. The soil samples were taken to the laboratory
for oven drying at 105°C for 24 hours, to determine the volumetric
moisture content. Dry bulk densities for each depth were also
determined and recorded. Subsequently the soil around two more
installed access tubes, near the experimental plots and placed at
10 m apart, was ponded with water, for three days, using drum rings
at a radius of 1 m, until the soil was freely draining. This
represented wet field conditions. The fourth day probe counts were
taken as well as gravimetric soil cores for volumetric water
content determination, as was done for the dry Tield soil
conditions described above. A calibration equation was therefore
derived for each depth using a composite of the volumetric water
content and neutron probe counts for both the dry and wet soils for
each depth. Since seven depths were used during the trial, each
calibration equation for each of the above seven depths was used to
convert the probe counts into volumetric water content, with an

accuracy of 1.4 + 0.5 percent volumetric water content.
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3.3.2.a.(111) Measurements

In each plot six aluminium access tubes were installed as described
above at selected sampling points, using the special corers which
ensured that there was minimum soil compaction and disturbance. In
order to protect soil and water from entering the access tubes,
rubber bungs were iInserted into each of the probe tubes before, and
immediately after taking measurements. In the C and +M plots, the
first 3 access tubes were placed 10 m (downslope) from the top of
the plots and about 4 m from the edge of the right side of the
plots, two at 1 m apart within the plant rows and one tube between
the rows downslope at 1 m from the Ffirst two access tubes. The
second 3 access tubes were placed 25 m downslope from the top of
the plot in a similar manner as the Tfirst ones, but this time two
of the access tubes were placed within the rows at 1 m apart and
the third was placed 1 m upslope between rows (Ffig. 3.1). These
access tubes iIn the C and +M plots above were assumed to represent
the sloping plot conditions. In the H+M and H-M plots, however, the
access tubes were placed within the 4th and 7th hedgerows, 1 m from
these hedgerows and 2 m from the same hedgerows respectively. These
access tubes at 1 m and 2 m from the hedgerow were placed at the
centre of the 1st and 2nd row of maize upslope and downslope in the
3rd and 7th alley respectively. For the cowpea, however, these last
two pailrs of access tubes were placed between the 1st and 2nd
cowpea row at 10 cm downslope from the second row and between the
2nd and 3rd cowpea row at 20 cm downslope in the 3rd and 7th alleys

respectively. These access tubes were assumed to represent the H+M
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and H-M conditions. In the G-M plot, the access tubes were placed
in the 3rd and 5th grass strips, as well as 1 and 2 m from these
grass strips respectively (fig. 3.1). The access tube positions
with respect to both maize and cowpea plant rows were as described
for the H+M and H-M plots above, but this was done in the second

and fTifth alley respectively (fig. 3.1).

In each plot the sampling points were iIn similar positions on the
slope. The moisture content levels were taken at each of the seven
depths (0-30 cm, 30-45 cm, 45-60 cm, 60-75 cm, 75-90 cm, 90-105 cm
and 105-120 cm) at an interval of one week, from one week before
planting throughout the growing period until harvest. To get total
moisture in the soil profile, each depth"s volumetric water content
was multiplied by an appropriate length to get total soil moisture
in mm. The sum of these seven depths was the total moisture in the
soil profile upto 120 cm depth, in mm. The probe standard count
rates were taken from water in a drum at a depth of 80 cm before

taking probe counts in the experimental plots.

The neutron detector attached to the probe was lowered iInto the
access tube (fig. 3.4). The count rates per depth in each plot were
recorded for conversion into volumetric moisture contents, using

the appropriate derived calibration equations, Tfor analysis.
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Fig. 3.4  Neutron probe detector.



33.2.b. Time Domain Reflectometry (TDR)

33.2.b. (). Introduction.

TDR #s also an indirect way of measuring the volumetric moisture
content of the soil, particularly suited for the Tirst top 30 cm
where the neutron probe metre gives Iinaccurate moisture readings
because of neutron escape into the air. The soil multimeter
equipment (type FOM/Mts/92) of the Polish Easy Test TDR system had
earlier been calibrated under the local field conditions and in the

laboratory at Machakos (Gabreels and Vogtlander, 1993).

TDR is based on the measurement of the apparent dielectric
constant, Ka, of the soil, which can be related to the soil water
content and is defined as a measure of the degree of polarisation
of a material. Soil 1is a composite of air, mineral and organic
particles and water, which determine its electrical properties.
The Ka values for these components are Ka = 1 for air, Ka = 2-7 for
mineral organic matter and Ka = 80 for water (Raad, de, 1994).
Because of the great difference in Ka for water compared to the
other constituents, Ka for soil is highly dependent on the moisture
content of the soil. Hence a measurement of Ka for soil is a good
measure of the i1ts volumetric water content. Because of the complex
chemical structure of clay minerals, high clay content soils have
high specific surface area. Since a few layers of water molecules
around the soil particles are thought to have a restricted
rotational freedom, the dielectric constant of these molecules are

lower than that of bulk water. Organic matter in the soil has a
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further effect on the dielectric constant of the soil. This effect
of organic matter content on the soil can be better understood by
dividing the organic matter into dead and living portions. Young
plant roots consist mainly of water. The TDR will interpret this
fraction as soil moisture and hence overestimate soil moisture. The
chemical nature of organic materials can lead to bonding of water
on their surfaces which has the effect of lowering the dielectric

constant and hence the moisture content of the soil.

Temperature has also an effect on the dielectric constant of the
soil. Normally Ka of soil solids and air are assumed to be
temperature independent, but the dielectric constant of water
decreases between about 20°C and 50°C (Gabreels and Vogtlander,
1993 ). Consequently, the dielectric constant of the measured soil
iIs changing with temperature, depending on its water content and

this was accounted for in the TDR formula.

3.3.2.b.(11) Field calibration.

Field calibration was carried out in a field irrigated twice every
week. The TDR probe tubes were inserted at several depths and spots
In the test plot. During each measurement the probe was inserted
five times in a small circular area. Subsequently a core sample of
-0 cr’was also taken at the same spot. The sampling volume of the
COre sample enclosed all these five measuring spots. This sample
WSb dried at 105°C in the laboratory and the volumetric water

c°ntent compared with that from the five TDR readings of the five
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replicates. These measurements were taken in soils representing the
general field conditions at Machakos field station. They were the
soils also used for the laboratory TDR tests described below. The
results showed that 95% of the TDR readings will have a deviation
of less than 1.8% soil moisture from the general calibration line.
gey also showed that using the specific calibration formula for
the LixolS/ the above mentioned percentages reduced with 0.3% soil

moisture.

3.3.2.b. (111) Laboratory calibration.

The TDR was tested for six soil samples taken from different sites
within the ICRAF field station. Two replicates were taken in each
sample. The soils were all lixisols except one vertisol (black
cotton soil). Since the TDR is equipped with several sensors, they
were permanently installed in the samples. The measurements were
started with wet saturated soils, which dried up iIn several weeks.
Every other day the TDR readings were recorded and at the same time
the samples were weighed. After these series of measurements the
samples were dried in the oven at 105°C and weighed again, so that
the actual volumetric contents during the drying period could be
determined gravimetrically. In this case the volumetric water
content was obtained by taking the weight of soil samples of known
volume before and after drying them iIn the oven at 105 C for 24
hours. The difference in weight divided by the volume of the soil
is the volumetric water content (0). The TDR volumetric values for

these soil samples were compared with the determined gravimetric
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values of the soil samples. A regression equation was derived which
showed the relationship between the TDR results and those obtained
gravimetrically. What the calibration showed was that the results
for the two methods were positively correlated r2= 0.94. So to use
the TDR system a calibration is necessary for each specific soil
and site (Gabreels and Vogtlander, 1993). The formula derived for
use 1In the Machakos lixols was of the form: e = 1.2* OFT - 3.4
where Ogayr = the gravimetric determined volumetric soil moisture
concent, OFET = the Polish Easy Test TDR soil moisture content

reading.

3.3.2.b. (iv) Measurement.

The TDR equipment measures the dielectric constant of the soil and
relates this directly to the soil moisture content. It also
measures soil salinity and temperature if needed. For sensor
installation, a small hole, 2.5 cm diameter, was made in the soil
at an angle of 45°, taking care that the remainder of the soil
remained undisturbed. This small hole was made using a thin iron
bar, 2.5 cm diameter and length 1 m, which was driven about 37.5 cm
at 45°C into the soil using a wooden hammer supported by a wooden
right angled block. It was in this soil hole that the two 10 cm
long TDR probe needles, measuring 2 mm diameter and separated by a
distance of 16 mm, were 1inserted 1iIn such a manner that they
remained in contact with the soil at a depth of 30 cm perpendicular
to the soil surface during measurement. The TDR probe needles are

supported by a 2 cm outer diameter plastic PVC pipe. A cable of 5
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m connects the sensors via the plastic pipe to the TDR meter (Fig.
3.5). As the probe needles were placed in the pre-augered hole and
made contact with the soil, the TDR screen displayed the volumetric
moisture content, temperature and salinity at 30 cm depth
respectively. Every sampling point had one hole made from where
measurements could be taken. Five TDR readings were taken by having
five insertions at every sampling point and their mean taken for

use in the formula derived during the calibration.

The TDR readings were taken within 20 seconds when the TDR was set
on mineral mode. It was through the use of this formula that
correct volumetric moisture contents were obtained. In each plot
three measuring points, were used which were replicated once. These
were near the same positions where the access tubes had been

installed.

3.3.3. Soil evaporation.

Soil evaporation was approximated by using a microlysimeter made of
a PVC cylinder measuring 10.5 cm diameter by 15 cm depth. The PVC
cylinders were Ilocally constructed in Nairobi by an Engineering
firm, with the assistance of ICRAF technicians. This cylinder held
a soil core. The cylinder was encased by a PVC outer cylinder of
slightly bigger diameter but of similar depth as the inner

measuring cylinder.

In order to obtain a soil core, the inner cylinder was driven into
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the soil using a wooden hammer. This was done causing minimum soil
disturbance so that the soil core obtained remained iIn the same
condition as the surrounding soil. The soil core was then carefully
removed using a panga and trimmed at the bottom with a sharp knife.
The soi™~ core was tightly closed at the bottom end by a cylindrical
glassy encasing material of slightly smaller diameter than that of
the 1inner cylinder, reinforced with plastic cellotape. The soil
core (microlysimeter) was placed back into the soil with the
external cylindrical encasing such that the microlysimeter was
slightly above the soil level (2 cm). This was to ensure that no
runoff and splash water or soil particles entered into the
microlysimeter. The microlysimeter had a wire holding it by the
sides so that it could be weighed by a portable balance and the
microlysimeter replaced back into the soil (Ffig. 3.6). The weight
of the 1internal cylinder + the weight of the glassy encasing
material + the wire and the cellotape were determined and recorded

before the preparation of the soil core.

Six microlysimeters were placed at the sampling points in each of
the five treatment plots (fig. 3.1). In the C and +M plots, two
microlysimeters were installed at 10 m downslope from the top of
the plots, 25 m downslope and 35 m downslope respectively, with
those i1n the +M plot having mulches placed on them. At these
positions, the two microlysimeters were placed 1 m apart parallel
to the crop rows, across the slope and halfway between these plant

rows. In the H+M, H-M and G-M plots, the microlysimeters were
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installed at 1 m and 2 m below the 4th, above the 7th and below the
9th hedgerow and below the 3rd, above the 5th and below the 6th
grass strip respectively. This way they were replicated three
times. In these positions, they were placed midway between the 1st
and 2nd row and between the 2nd and 3rd row of maize. For the
cowpea, they were placed between the 1st and 2nd cowpea row 10 cm
upslope and 3rd and 4th row 30 cm upslope from the 7th and the 5th
grass strip, and between the 1st and 2nd row 10 cm downslope and
3rd and 4th row 30 cm downslope below the 4th and 9th hedgerow and
below the 3rd and 6th grass strip. Those in the +M and H+M plots
had mulch placed on them to represent those treatments. To get soil
evaporation, the microlysimeters were weighed using a portable
balance ( £ 0.1 g) both in the morning 0900h and in the afternoon
1600h local time, and the difference iIn weight represented the
water loss iIn grammes. This weight in grammes had to be multiplied
by the equivalent water depth in mm from each microlysimeter.
Because the surface area of the microlysimeter was calculated as
82.658cm"2, and the equivalent volume of water of 0.1 g weight was
calculated as 100cm3, the equivalent water depth was obtained from
dividing the equivalent volume of 100cm3 by the area of the
microlysimeter. This equivalent depth was 0.012 mm. Such data were
obtained about four to five or even up to seven days Tollowing
every rainfall event in rainfree days (Daamen et al, 1993). After
these five days the microlysimeters were no longer representative
of the surrounding soil conditions except when the microlysimeter

was more than 100 cm deep. In our case the microlysimeter depth was
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9rea”er than 100 mm. The results during rainy days have been found
unreliable (Allen, 1990; Daamen et al, 1993), so the soil cores
were also replaced after every consecutive rainfall event or when
it rained within the measuring time interval. The total evaporation
loss per season was obtained by taking the sum of all the measuring
time intervals water losses for each treatment, the estimates of
soil evaporation during rainy days as well as those when there were
no rains after the measuring intervals. Several microlysimeter
measurements were carried out during rainy days with some clear
portions of the wet days allowing for measurements. This was done
to form a basis for assumptions for the soil evaporastion estimates
during wet days. On the average the evaporation losses during such
wet days was about 4 mm per day. The microlysimeter values were
normally below pan evaporation values. The microlysimeters were
necessary as they provided values on soil evaporation which are
useful 1In partitioning the various water losses iIn the water

balance equation.

3.3.4. Photosynthetically active radiation (PAR).

3.3.4 (@)-.Introduction

A ceptometer (Model SF-80, Decagon Devices, Pullman) was used to
measure PAR once every week. The ceptometer consists of a 80 cm
probe tube with 80 light sensors placed at an interval of 1 cm. It
has a microprocessor which scans the 80 light sensors every one
minute and takes the mean of these every 30 minutes. It then keeps

this in its memory and displays it on the screen. The data are in
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nmol m s" and are manually recorded for analysis. The ceptometer
is fitted with a bubble level to guarantee horizontality during
measurements. The ceptometer also has a function through which
other useful parameters, such as the sun fleck fraction (canopy gap

fraction), are monitored simultaneously if wanted.

3.3.4.(b) calibration

In the ceptometer only one sensor has an absolute calibration. The
other sensors are calibrated against this one sensor and the
calibrations stored in the memory. This calibration remains for as
long as the batteries are not changed. So a change of batteries
leads to loss of calibration information and must be followed by a
new calibration before any new measurements are made, to avoid
making errors in taking measurements (Ceptometer User manual,
1988). A calibration was done in bright sunlight on a cloudless
day. This was done by shifting to function 7 and holding down
buttons A and B and pressing the function key. The letters "PLL"
appeared on the left hand side of the ceptometer display screen, an
indication that the ceptometer had been calibrated and was ready
for use. The calibration standard was the maximum PAR at solar noon
and was supposed to be the same as above the crop during
measurements. An already calibrated ceptometer was used as a check
to compare the PAR of the newly calibrated values after

calibration.



3.3.4 (c) Measurement

Initially the PAR was measured by taking three subsequent PAR
readings across the row directions at each of two marked sampling
points, 1i.e. points at which measurements were made in the Tfive
plots to represent sole crop conditions in the C and +M plots and
in the same alleys iIn the H+M, H-M and G-M plots, to represent
tree/grass and crop conditions in these plots. These three
measurements were taken at an angle of 60° (across the crop rows)
at each of the two sampling points in each of the five plots during
the first cowpea 92/93 season. With the probe having a length of 80
cm, TFfrom the middle of the place of measurement it measures 35 cm
outwards. At this angle it was expected that more leaf area would
be exposed to the Ilight sensors. The sampling points were then
increased to three to increase precision in the same positions
across the rows for the other Tfive seasons. The PAR intercepted by
the crop canopy was measured by placing the instrument above the
canopy and then below the canopy at about 5 cm from the soil
surface, around midday when the sky was clear. Further measurements
were made in the open as a control just before the real
measurements were made at the measuring points. When measurements
were made on cloudy days then it was indicated so. The difference
between above and below crop canopy measurements multiplied by 100
gave the PAR intercepted in percentage. In the C and +M plots, the
measurements were taken at 5m, 20 m and 32 m downslope from the
top of the plots to represent slope and crop conditions in these

Tfields (fig. 3.1). These were done over and across a maize row and
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over and across two cowpea rows in these sampling points, about the
same positions on the slope where measurements were done in other
plots for comparison purposes (fig. 3.1). As for the H+M and H-M
plots, the PAR measurements were made in and above the 2nd (+
downslope of the, 5th (+ upslope of the) and 8th (+ upslope of the
hedgerow, and 1 m from these hedgerows as well as 2 m from these
hedgerows respectively (Ffig. 3.1). This was assumed to represent
hedgerow trees and crops in the alleys and the slope plot
conditions. The PAR measurements in the G-M plot were madeein and
above the 2nd (+ upslope of the), the 4th (+ upslope of the) and
the 6th (+ upslope of the) grass strips, 1*m from these grass
strips as well as 2 m from these grass strips respectively. This is
assumed represent the grass strips/crop and crops in immediate rows
in the alley. The PAR measurements were started when the maize crop
was about 20 cm high (this was 10 cm high for the cowpea) and
continued until the crop was harvested. Because it was necessary to
better partition the PAR % interception by the crops respectively
the hedgerows and grass strips, more PAR measurements were made for
the 94/95 cowpea crop season. These measurements were done above
the tree canopy, below the tree canopy, above the cowpea crop
canopy and also below the crop canopy of the cowpea crop row next
to the hedgerow. These measurements were taken at exactly the same
measuring points as before except that an extra measurement was
taken at the tree/crop interface at 70 cm from the hedgrow/grass
strip, 20 cm downslope of the cowpea row next to the hedge/grass

strip, in order to separate the PAR denied to the crop by the
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tree/grass shade. This way it was possible to know the proportion
of shade from the tree affecting yields at the crop/tree interface.
The PAR % intercepted by the canopy in the sampling points in each
treatment was compared with the amount of above ground biomass
produced and was then used for the determination of [light use

efficiencies.

3.3.5. Mulch and crop cover.

Mulch and crop cover were determined by a quadrat sighting frame
measuring 1.3 m by 1.3 m. This frame was divided into smaller
squares of 10 cm by 10 cm. This equipment was placed on top of the
soil and approximately parallel to it, just after the mulch of
lopped hedge prunings had been evenly spread on the sloping mulched
plots. The sighting frame was kept parallel to the crop rows. Using
the small squares in the quadrat frame, one looks through them from
above and records what full squares are covered by mulch and those
covered fully by bare soil. Those portions in the sighting frame
which were partially covered by either the mulch or soil would be
added together to approximately Tfull squares. Those squares
occupied by the mulch were expressed in percentage out of the whole

quadrat area.

After the crop had germinated and was tall enough, i.e. 10 cm and
20 cm height for cowpeas and maize respectively, the same sighting
frame used for mulch determination was also used for crop cover at

the same measuring points. For the three components of bare soil,
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mulch cover and crop cover to be determined the sighting frame was
placed above the point of measurement and supported by four hooked
iron rods approximately parallel to the ground. From this raised
position, one looks through the frame and counts the TfTull squares
occupied by the bare soil, the mulch and the crop canopy and
records the appropriate percentages of the quadrat taken by each
measured component. This measurement was done at three positions in
each plot and measurements were taken at these points throughout
the life cycle of the crop. When the crop was quite tall asein the
case of maize, the sighting frame was held parallel to the ground
by adjusting the height of the supporting iron rods. A stool was
then used in order to take cover measurements frame above the
sighting frame. At the same time, canopy cover by the hedgerows and
grass strips were also monitored by the sighting frame at the time
of taking mulch cover at three measuring points in the agroforestry

and grass strip plots respectively.

In the C and +M plots, the measurements were taken at 5m, 20 m and
35 m downpslope from the top of the plots representing prevailing
plot cover and slope conditions (fig-3.1). In the H+M, H-M plots,
% cover by the crop and mullch were measured in the 2nd, 5th and 9th
alley and in the G-M plots 1in the 2nd, 3rd and 5th alley
respectively. The % cover by the hedgerows and grass strips were
measured in the 2nd, 5th and 9th hedgerows and in the 2nd, 3rd and
5th grass strips respectively (fig. 3.1). The figures showed that

three measurements were giving a sufficiently accurate average. The
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ten day mean mulch and crop canopy cover as well as the hedgerow

cover were recorded for the entire season.

3.3.6. Soil temperature, with platinum resistance

thermometers.
3.3.6. (a). Calibration.
The instruments used Tfor the monitoring of the hourly soil
temperatures at a depth of 7.5 cm were platinum resistance
thermometers obtained from the Netherlands. They are temperature
sensors that generally have a wire wound element whose resistance
changes with temperature in a known and highly repeatable manner.
They were taken to the National Department of Meteorology at
Dagorreti (Nairobi) for calibration before being used at the
experimental site. This was done because the original calibration
papers got lost after the platinum resistance thermometers were
brought. The thermometers were tied together and placed iIn a
FRIOLABO calibration chamber where temperature can be carefully
controlled and varied. The sensors were connected to the data
logger, where the temperatures were monitored and displayed while
the chamber temperature was indicated by the calibration
thermometer of the chamber. The chamber temperature was set at 0°C
and allowed to stabilise before taking the 1iIndicated chamber
temperature. The chamber temperature was then increased, with an
interval of 1°C, until 45°C, covering the range of temperatures
expected in the field. These temperatures were carefully noted and

then cooling was started at an interval of 1°C, until reaching the
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initial zero temperatures. From the sensor readings from all the
eleven sensors and the indicated chamber readings, a regression

equation was derived.

3.3.6.(b). Measurements

The thermometers were inserted into the ground to a depth near 7.5
cm. A screw driver was used to make a small hole at an angle of
about 60° to the ground surface, where the temperature sensor was
inserted. As during calibration, thermometers were connected via
wire cables to a data logger (CR 21 X, Campbell Scientific),
installed at the side of the experimental plots. The temperature
sensors were monitored (sampled) every 4 minutes and the mean for
every hour calculated, which was stored by the data logger. After
every week the data stored in the data logger were retrieved into
the lap top computer for analysis. From the hourly temperature for
each day, a daily mean temperature was obtained. These daily mean
temperatures were used to calculate a weekly mean temperature for

each thermometer sensor in each plot.

In the C and +M plots, there was only one soil thermometer, placed
between the crop rows (in the middle between maize and cowpea rows)
at 15 m from the top of the plot. There were three soil
thermometers in the H+M, H-M and G-M plots. The latter were placed
inside the 5th hedgerow (HI+M; HI-M), and in the alley 1 m (H2+M;
H2-M) and 2 m (H3+M; H3-M) below 1It. For the G-M plot, the

thermometers were placed inside the 4th grass strip (GI-M), and 1
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m (G2-M) and 2 m (G3-M) below it (fig. 3.1). For the H+M, H-M and
G-M plots, the temperature sensors were therefore situated midway
between the 1st and 2nd, and the 2nd and 3rd maize row while they
were situated between the 1st and 2nd cowpea row 10 cm upslope and
between 3rd and 4th cowpea row 30 cm upslope. The sampling points
were assumed to represent the tree/crop or grass/crop situations in
these plots. The temperatures sensors in the +M and H+M were below

soil covered with mulch.

3.3.7. Windspeed and direction.

Two Woelfle anemographs (Lambrecht manufacturing instruments-
Germany) were used to measure the hourly mean windspeed and
direction, in metres per second and degrees respectively, on a
twenty four hour basis every day. These anemographs were placed
between the H-M and G-M plots, one up slope and one down slope,
near the plot edges at a distance of about 40 m apart (Fig. 3.1).
The equipment consisted of an iron mast, 2 m high, four adjustable
rigs with adjusters and wooden pegs, which kept the mast vertical
and firmly held to the ground. A wind vane is mounted at the upper
end of the mast, indicating the direction from which the wind is
coming. There are three anemometer cups Tfixed on arms, used to
rotate by the wind speed and measuring wind run. They move due to
differences in wind pressure. Below the wind vane a mechanical
clock work is mounted, with a graph paper chart, where windspeed
and direction are plotted. The mechanical clock was wound up

monthly by hand. The calibration ™"ladder rule™ provided by the
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irers was used to determine average hourly windspeeds. The
ulirection during the month was estimated from the traces on

_ne graph paper chart made by the wind direction recording rollers.
The recording paper chart was designed to last for a month, after

which it was replaced with a new role of paper chart.

At the end of every month, the recorded data on the chart were
removed for interpretation. The data were worked out by taking the
mean windspeed and direction of every hour for the two wind sensors
for thirty days (see chapter 4). The windspeed and direction from
the anemographs were compared with the same data from the [ICRAF
field weather station, for the periods of the short rains 1992/93,

the long rains 1993 and the short rains 1993/94.

3.3.8. Grain and biomass yields.

Except for the 92/93 rainy season, when harvesting was done from
the whole alleys and expressed on per hactare basis, since no
adquate preparations had been made to harvest on a per row basis,
grain and total biomass yields per row were determined at harvest
time for every season in every experimental plot. This involved
taking four 10 m long rows of maize and six 10 m long rows of
cowpea plants respectively from 4 m * 10 m areas at three sampling
points in the C, +M, H+M and H-M plots. All the five maize and ten
cowpea 10 m long rows respectively at the sampling points in the G-
M plot were harvested (fig. 3.1). For the C and +M plots, the

samples were taken from positions 5m, 20 m and 30 m from the top
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of the plots downwards respectively (fig. 3.1). This was done to
avoid bias in picking the best of the plants as well as to avoid
picking plants affected by the border effects. In the H+M and H-M
plots, the sampling was done in the 1st, 5th and 8th alley
respectively. For the G-M plot, sampling was done by harvesting in

the 1st, 3rd and 5th alley respectively.

The samples were weighed for determination of the total above
ground biomass (grains + stovers + empty cobs). Then the shelled
grains were separated from the rest of this above ground biomass
(stovers + empty cobs) for determination of the harvest index. The
above remaining ground biomass and grain yields were placed in
paper bags for the determination of dry weight, in grammes, 1in the
ovens 1In the laboratory, at 80° Celsius for 48 hours. The sample
weights were taken using portable balances before taking them to
the laboratory for dry weight determination. Using these sample
weights, yields on a per row basis, per plot basis and per hectare
basis were determined. In the C and +M plots, the mean weight from
the four maize and six cowpea 10 m rows of plants from 4 m * 10 m
area was used to determine total yield per hectare. This yield per
hectare was checked by harvesting the whole C and +M plots. Because
in the H+M, H-M and G plots 10 m of every plant row in the sampled
three alleys were harvested, from the alley mean yields the total
yield per plot was determined. At the same time, also the yield per
row was determined iIn relation to the position of the row 1in the

alley and its location on the slope.
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The total dry weights of regrowth of the sSenna biomass and of
regrowth of the grass biomass, from the hedgerows and grass strips
respectively, were also determined. Representative fresh 1 Kkg
biomass samples were taken from the harvested 10 m long hedgerow in
the 1st, 5th and 9th hedgerow in the H+M and H-M plots as well as
from the harvested 10 m long grass strips from the 1st, 3rd and 5th
grass strip 10 m rows at crop harvest time respectively. This was
necessary for the determination of the light and water use

efficiencies in the five treatments (see chapter 4).

3.3.9. On-farm research

3.3.9. (& Experimental site

The experimental area for the on-farm research was Kakuyuni
catchment, 180km East of Nairobi, situated on the semi-arid, gently
sloping Yatta plateau. This plateau is about 1200m above sea level.

It lies at a latitude of 1° 24"South and a longitude 37° 41 "East.

The soils are well drained, shallow to deep, dark red friable
clays. In many places the soils are rocky (nito-rhodic ferrasols
and nitochromic cambisols). In some depressions a poorly drained,
very dark greyish brown to black, very firm to slightly calcareous
clay can be found. The topography ranges from level, via gently

sloping to moderately sloping, with a few steep slopes of >35%.

The catchment receives about between 250-300 mm of rainfall per

season, which 1is insufficient 1in amount and usually poorly
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distributed over the growing periods. The vrainfall from our
research period was recorded using one simple rain gauge located at
the Kakuyuni KEFRI tree nursery site, manned by KEFRI field staff.
The long rains season of 1994 resulted in a complete crop fTailure
and no rainfall data were recorded at Kakuyuni TfTor this season.

This catchment was chosen because it is rather similar in its
topography, soils and climate to that at the on-station
experimental site. Of importance was the fact that alley cropping
(hedgerow intercropping) had been introduced in the catchment area
before to a few farmers chosen by the DARP project in collaboration
with ICRAF and KARI. This was in the form of multi-purpose trees or
shrubs such as Leucaena leucocephala, Senna siamea and Gliricidia

sepium, adapted to the semi-arid conditions.

3.3.9.(b). Research approach

The objective of the on-farm research was to carry out a diaghostic
farm survey of existing traditional soil and water management
techniques as well as of general farming activities in the semi-
arid areas of eastern Kenya. The yield performance trends of the
crops on the research station under alley cropping were to be
compared with the yield performance trends of the crops under
alley cropping and under the traditional techniques of soil and

water management on-farm.

The research method used was interviewing farmers, via a designed
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questionnaire (Appendix 3.1 - 3.5), about their traditional
techniques of soil and water management and conservation as well as
on the general farming systems of the farming community 1in the
area. The questionnaire was designed with the assistance of the
local administration, agricultural extension officers, KEFRI
extension staff, women group leaders, church leaders and local
schools. Participation of this local leadership was crucial, for it
was the machinery used to inform most farmers on the objective of
the survey. This was necessary to secure cooperation and attention,
while carrying out the survey at later stages, for the farmers now

knew already the aims of the survey.

The other method used was making observations on the agricultural
activities while in the extensive tours of the catchment as well as
visiting markets. Experienced, knowledgeable, aged persons were
often taken round the catchment on guided tours so that they could
be asked questions, on what they thought were the best methods for
water and soil conservation, such as stone terraces, grass strips
and mulches, on sources of income, on the onset of the rains, on
values of trees and on other problems in the community and how they

had tackled them over the years.

Finally, quantification was done by conventional means. In this
method, plant density per hectare was obtained by counting plants
from pegged sampling areas of 10 m2, and plant spacing was obtained,

using a tape measure, Tfrom pegged and sampled areas. We also
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quantified slope steepness in degrees, from various areas, using a
clinometer. The percent slope was determined by taking the vertical
heights with a theodolite and the upslope distance between them in
metres. Using the upslope distance and the two vertical heights at
the two points, the % slope was calculated by the difference in
vertical height divided by the horizontal distance and multiplied
by 100. Crop grain yields and biomass yields were obtained by
harvesting from sampled areas of 10 m2 placing the yields 1In paper
bags, taking them to the laboratory for drying and weighing, using
portable balances, in the same way as on-station. The yields per
hectare were obtained using the yields obtained from the sampled 10
m2 areas. These measurements were obtained in alley cropped farms,
farms with traditional techniques of soil and water conservation
and on farms with no conservation structures. The last mentioned
areas under crop, with no trees or conservation structures, 1in the

above sampled farms were used as control plots.

3.3.10 Data analysis.

Data analysis was carried out using Mstat. C soft ware from
Michigan State University (1990), for analysis of variance
determination (ANOVA). Duncan®s Multiple Range Test (DMRT), was
used to separate the treatment means and make comparisons between
them when the differences between treatments were statistically
significant at P = 0.05. The method as explained in Gomez and Gomez
(1984), ranks all the means in a descending order, computes the

standard error, computes the total number of treatment values of
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the shortest significant ranges and fTinally identifies and groups
together all treatment means that do not differ significantly from
each other. These are then ranked alphabetically in a descending
order. Linear regression analysis using Lotus 123 programs was used

to determine correlations and their coefficients.
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CHAPTER FOUR

4. RESULTS AND DISCUSSIONS.

4.1 Evaluation of field design and set up of experiments.

The TFfollowing observations apply:

(& The fTield plots were big enough to Tfairly represent general
field conditions but inevitably plot variations were induced by
some soil heterogeneity, Tfor example due to the presence of some
isolated iron concretions (murram) in the hedged plot (H-M) which
may have enhanced runoff. There were also variations in slope

steepness within plots, as the plots were quite long.

(b) The Tfield plots were part of a long term experiment where Senna
trees had earlier been established. Because the plots were quite
large, each plot average was assumed to be representative for the
whole unless specified differently, meaning that replicates were

considered represented by measurements within the same plot.

(c) Experimental set up:

©O) PAR - It was assumed that to obtain information on
agronomically significant effects there was a fair replication of
the measuring points in all the plots via the use of many measuring
points (see chapter 3) to iIncrease accuracy. Great care was taken
to take PAR readings when the ceptometer was level to minimise
errors of PAR % interception. At the same time, PAR measurements

were only taken when the sky was clear or about clear around
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midday, to minimise variations in light composition. Care was
further taken to recalibrate the ceptometer every time the
batteries went down and were changed, since the calibration

information gets then lost.

(ii) Neutron probe and the TDR - These were also assumed to be
fairly replicated to detect agronomically significant effects in
the plots, as a large number of access tubes had been placed across
the alley, situated right from the hedgerows and grass strips
towards the centre of the alley, measuring over the depth of the
senna/maize or grass/maize rooting zone, as earlier described in
Kiepe (1995). The combination of the two kinds of equipment ensured
that soil moisture levels were represented till close to the

surface.

(iii) Quadrat sighting frame - This represented a measure of
crop/mulch/hedgerow cover over a large area and errors from manual
counting of the small squares were kept to a minimum through
experience of the use of the sighting frame. There were problems of
counting the squares when maize plants were tall as one had to

stand on a ladder/or stool while counting the grid squares.

(iv) Tipping buckets and runoff/soil collection tanks - This
equipment determined the washed off soil (or soil loss) and runoff
water in the plots with errors of upto 5% incurred as a result of
differences in sampling by different persons. This was kept to a
minimum through use of experienced personnel. One weakness with the
set up of the runoff collection tanks and tipping buckets was that

during very heavy storms not all runoff water was collected, as the
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collection tanks would overflow, notably in the control plot.

(v) Microlysimeters - Special efforts were made to keep errors
during measurements to a minimum. It was not possible to estimate
the losses which occurred during rainy days, because the protocol
adopted (Daamen et al. 1993) left this out. It should be argued
that for days with much rainfall the evaporation would be below
average, while on days with one or a few occasional showers the
evaporation would be above average. Taking evaporation on such days
the same as iIn the first dry day following a day with rainfall,
will on the average keep the errors Qlow. Daamen et al.(1993)

estimate the accuracy of the protocol to be 10.1mm.

(vi) Platinum resistance thermometers - Although there were not
enough thermometers for replication, the representative
measurements were as accurate as 1iIndicated by the calibration
regression equations derived for the platinum thermometers, but the
major error was due to depth variations. The needed accuracy due to
representativeness was not high, as soil temperature was not a very
determining Ffactor for most of the time. For the larger differences
due to mullching this accuracy was sufficiently high and may be

estimated as between 0.5 and *1.0°C.

(vii) Anemographs - These represented measurements depending on the
slope but were discontinued with the breakage of one of the

anemographs. The collected data gave sufficient information on

variations.

(viii) Yield measurements - It was known from experience that there
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were enough sampling points in each plot to accurately represent

plot crop yields.

4_.2. Rainfall and other routine weather parameters.

The rainfall/pan evaporation distribution results for the six rainy
seasons as extracted from the stations meteorological data are
presented in figures (4.1-4.6). Figure (4.1) shows that the short
rains of 92/93 were exceptionally wet, with 662 mm of well
distributed rainfall. This season was also characterized by having
high rainstorms, e.g. 80 mm in a day in December, resulting Iin

runoff overflow in the collection tanks.

Days of the month

Figure 4.1. Rainfall and pan evaporation for the short
rainy season 92/93.
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The 1993 1long rains, shown iIn TfTigure (4.2), were exceptionally
poor, with 108.5 mm of rainfall poorly distributed over the
season, with consequent moisture deficits at the critical

tasselling stages leading to very low yields.

Figure 4.2. Rainfall and pan evaporation for the long rainy
season 1993.

The short rains of 93/94, shown in figure (4.3), of 288.5 mm, were
within the range of mean seasonal rainfall for the semi-arid areas
of Kenya but below the average for the field station. They were
well distributed over the season and sufficient for cowpea water

requirements.

The long rains of 1994, of 242.4 mm, shown in figure (4.4),
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Figure 4.3. Rainfall and pan evaporation for the short rainy
season 1993/94.

though below the long term average for the semi-arid areas of

Kenya were well distributed over the season.

The short rains of 94/95, of 549 mm, shown in figure (4.5), were

well above average and well distributed over the season.

The 1long rains of 1995, with 285 mm, shown in figure (4.6), were
Jjust within the average range for the semi-arid areas of Kenya and

well distributed over the period from crop development stages to

harvesting.
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Pan evaporation

Days of the month

Figure 4.5. Rainfall and pan evaporation for the short
rainy season 1994/95.
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Figure 4.6.

Pan evaporation

Days of the month

Rainfall and pan evaporation for the long
rainy season 1995.



4.3 Runoff and soil loss.

The results presented and discussed cover the short rains of
1993794, the long rains of 1994, the short rains of 1994/95 and the
long rains of 1995. The short rains of 1992/93 are covered in Kiepe
(1995) whille the long rains of 1993 are not covered, for this was
the period of setting up and testing runoff equipment and tipping
buckets. The short rains had cowpeas and the long rains had maize.
Soil erosion is iInterpreted using the concept of the tolerable soil
loss (T), which is defined as the maximum rate of soil erosion that
will permit a high level of crop productivity to be obtained,
economically and "indefinitely” (MacCormack et al, 1982), that is

sustainably.

4.3.1 Runoff and soil loss in the short rains 93/94.

During this season, the mulch rate used in the +M and H+M plots was
2.4 t ha*. The soil loss results in figure (4.7) show that except
for the C plot, which had lost 2.55 t ha"l with no soil erosion
control structure, the mulch in the +m plot, mulch and contour
hedgerow barrier iIn the H+m plot, hedgerow barrier iIn the H-m plot
and the grass strip barrier in the c-m plot reduced soil erosion to
less than 1 t hal per season. Although all the plots had erosion
rates below the T = 5 t ha"l for the region (Kilewe, 1987), the
grass strip was the most effective control structure in the season
(with a loss of 0.15 t ha"l) followed by mulch in the +m plot (0.45)
t ha"l) which was followed by H+M and H-M with (0.5 and 0.7 t ha"D
respectively. Figures in the text have been rounded off to the

nearest 0.05 t ha"l.

In terms of runoff control, the H+M was the most effective (0.5 mm)
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whille ¢ had lost 10 nin, 20 times the runof£f water collected at H+M.
The +M (1 mm) had lost about 10 times less runoff than the C plot,
while the H-M plot (4.5 mm) had lost about 2 times less and G-M (2
mm) had lost 5 times less compared to this same C plot

respectively. Figures were rounded off to the nearest 0.5 mm.

At maximum rate, the percentage of rainfall lost as runoff was only
a bit more than 3 %. The rainfall for the season was light, with
only few high intensity rainstorms causing runoff and erosion (fig.
4.3). The rainfall intensities as calculated from the tipping
buckets data ranged from 10 to 60 mm h"l, with highest intensities

occurring in high rain storms.

HRuro

Treatments

Bl ot 1 loss Ctvha) ~ Runoff

Figure 4.7. Seasonal soil loss and runoff for the short
rainy season 1993/94.
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4.3.2 Runoff and soil loss in the long rains 1994.

During this period mulch rates of 1.9 t halwere used in the +M and
H+M plots. The results in Tig. (4.8) show that the mulch in +M, the
mulch and hedgerow barrier in the H+M, the hedgerow barrier in the
H-M and the grass strip barrier in the G-M plots were very
effective in the control of soil erosion this season In comparison
to the C plot (9.7 t hal). The combination of the hedgerow barrier
and the mulch was the most effective in the control of soil erosion
(0.05 t ha"l). This order of plots in erosion control effectiveness
was confirmed by G-M > +M > H-M, with 0.2 t ha"l, 0.8 t ha"land 1.5
t hal respectively fig. (@4.8). An explanation for the effects is
that mullch lines and occupies microdepressions on the tilled soil
surface but creates them in flowing water. It increases hydraulic
roughness, reducing Tflow velocity, and therefore increases flow
depth, protecting the soil even more from impacting rain drops,
because the drop water Jjust splashes without reaching the soil
(Foster et al. 1979). The hedgerow barriers on the other hand trap
runoff water by reducing bare slope length and give runoff water

time to deposit soil sediments and infiltrate.

A Tirst comparison made between the hedgerow in the H-M and the
grass strip in G-M plots figs. (4.7 and 4.8) shows that the grass
strip was somev/Zhat more effective in the control of soil erosion
than the hedgerow and this may be attributed to the compactness and
thickness of the grass strip which trapped more soil as compared to
the thinner and appreciably less dense senna hedgerow. Soil loss in
the C plot (9.7 t hal) exceeded T = 5 t ha"l, which further points

to the need for soil erosion control structures in this area.
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As for the runoff control, the mulch and hedgerow in the H+M had
4.5 times less runoff compared to the control, (1.8 mm against 8.4
mm) Fig.(@. 8). The grass strip barrier in the G-M plot had only 2
times less runoff. The mulch in the +M and hedgerow in the H-M
plots followed with about 1.5 times less runoff than the C plot
respectively. The order of effectiveness in runoff control after
H+M plot was therefore G-M > +M > H-M (or 4.8 mm, 5.6 mm and in 5.8
mm respectively). On the whole, however, the maximum percentage of

ram lost as runoff was only 3.5% of the total rainfall- in the

season.

mm

woo

Treatments
Soi  loss. Ct/ha) ISNX1 Runoff C"«0

Figure 4.8. Seasonal soil loss and runoff for the long rainy
season 1994.
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Treatments
Sol | loss Ct/ha) fc\N\j Runoff C"«0

Figure 4.9. Seasonal soil loss and runoff in the short rainy
season 1994/95.

The grass barrier in the G-M plot had a bit less than 5 times, the
barrier in the H-M plot had abit less than 3.5 times and the mulch

in the +M plot had 1.5 times less soil loss (respectively 12.9 t ha*
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1/ 18 t haland 40 t hal) compared to the C plot, respectively. It
is evident that the grass strip in G-M was superior to the mulch in
the +M plot and slightly superior to the hedgerow in the H-M plot
in the control of soil erosion. On the whole, however, it was only
the mulch and hedgerow barrier in the H+M plot which reduced soil
erosion to below the T value of 5 t ha"l, while the other control
structures, including mulch, grass strip and hedgerow had values
above this T value and hence were not sufficiently effective in the
control of runoff during this season. This was due to the high
total rainfall amount (549 mm) and the frequency of high intensity
rain storms (maxima of 50-60 mm hr*l) experienced in the season as
well as to the low mulch rates (1.3 t ha"l) in the mulched plots.
The seasonal soil erosion losses in the C and +M plots (of more
than 60 and of 40 t ha*l) were really quite high, an indication as
to the need for appropriate erosion control measures to reduce them

to tolerable levels.

The results on runoff show that the hedgerow barrier and the mulch
combination in the agroforestry plot H+M, with close to 4 times
runoff control improvement compared to the C plot (16.5 mm against
59.5 mm) was the most effective 1iIn runoff control. Also more
effective were the mulch in the +M plot (19.5 mm) with 3 times, the
grass strip in the G-M plot (30 mm) with 2 times and lastly the
hedgerow barrier in H-M plot (47.3 mm) with only slight runoff
improvement compared to the C plot respectively. These effects are
small for G-M and lower values but in line with grass strips of
1.5m width having been found relatively effective iIn soil erosion

and runoff control (Fissiha, 1983).
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At the same time, the results show that a rather large 11% and 9%
of the high total rainfall in the season were lost as runoff iIn the
C and H-M plots respectively. The mulch rate of 1.3 t halas quite
low, because of the low rainfall in the previous 1994 long rainy
season. This may explain the ineffectiveness of the mulches in the
control of erosion during this short rainy season. During the
season there were several rain storms with high rainfall
intensities (48-60 mm hl1) and these must be particularly
responsible for the high rates of runoff and soil erosion iIn this
season, as vrainfall amount and intensity are correlated with
rainfall erosivity (Elwell and Stocking, 1982). The low intensity
rainfall storms, of the order of 10 mm h*l, rarely caused soil
erosion. This 1is iIn agreement with what has been experienced
earlier in East Africa, that although tropical rain is more erosive
in general than temperate rain, little or no erosion occurs with
rainfall of 1low intensity ((Ahn, 1975). Kiepe (1995) further
confirmed that soil erosion in the tropics is by a few heavy rain
storms. It should further be noted here that the soil erosion rates
and runoff amounts iIn this season are also rather high because the
cowpea plant was infected with a disease at some stages in its
development, which reduced the canopy available for raindrop impact

interception.

4.3.4 Runoff and soil loss long rains 1995.

For this season, mulch rates of 2 t ha1 were applied to the +M and
H+M plots two weeks before planting. The results in fig. (@4.10)
show that the mulch and hedgerow barrier in the H+M plot, with more
than 300 times less soil loss (0.1 t hal) compared to the C plot

(32.9 t ha"l) was the most effective in the control of soil erosion.
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The grass strip barrier in the G-M plot and the mulch in the +M
plot (2 t hal) improved soil loss control both by more than 15
times, and the hedgerow in the H-M plot (13.3 t hal) by 2.5 times
compared to the control respectively. The mulch in the +M and the
grass strip barrier in the G-M plot appear to tie in their
effectiveness for erosion control. The hedgerow was rather weak as
a barrier for erosion control. This could be attributed to the
observed absence of compactness in the hedgerow barrier compared to
the grass strip. Indeed, the hedgerow barrier had soil erosion in

excess of the T value for the region.

As for the runoff control, the H+M (1.3 mm) was more than 15 times
better compared to the C plot (20.5 mm) and as before acted as the
most effective water loss control structure. The grass strip in the
G-M plot (9.3 mm) and the mulch in the +M plot (9.6 mm) showed more
than 2 times improvement iIn runoff control compared to the C plot.
The H-M plot (18.2 mm) lost almost twice the runoff lost in the G-M
plot and was therefore close to the C plot. The plots which were
more effective iIn the control of runoff were indeed equally more
effective in the control of soil erosion, as earlier found iIn the
1994 season. The highest percentages of rainfall lost as runoff
were 7% and 6% in the C and H-M plots respectively, and this was
relatively high as the season was jJust about average. Several
storms had high intensity rainfall, ranging from 30-60 mm h*l, which
accounted for most of the soil loss and runoff in the treatments in
this season. In particular, 90% of the soil sediments were lost in
a single storm of almost 57 mm, which occurred on the 35th day
after the onset of the rainy season, which appears to be in a risky

period for all seasons, (Table 1).
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Runoff (mm)

Treatments
Sot | loss Ct/na) f~\) Runoff fmml

Figure 4.10. Seasonal soil loss and runoff in the long rainy
season 1995.
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Table la.

% Soil loss and runoff expressed as % of seasonal soil

loss and runoff. Covpea grown during the short rains of

93/94.

Treatment % of total

soil loss
C 3, 3
+M 49, 3B
H+M T &8
H-M = 8
G-M 8 eT

(Rainfall:288)

% of total

runoff

44
2, 51
2
10

Rainfall
intesity
mmh1

24-48

Storm
size

@m)

48, 23

Day of

season

35, b

Table Ib. % Soil loss and runoff expressed as % of seasonal soil loss and

runoff. Maize grown during long rains of 1994 ( Rainfall: 242_.2mm)

Table Ib

Treatment

+v

H-HM

H-M

Long rains

% of total

soil loss

45, 31
1, 46
1, > 90

39, 20

1994 maize

% of total

runoff

N

w

14

8 B 8 I

123

season

Rainfall
intesity
mmh 1

25-60

Rainfal

Storm

size

@m

37, 56

242 .2mm

Day of

season



Table lIc. % Soil loss and runoff expressed as % of seasonal soil loss and runoff*
Cowpea growmn during the short rains of 94/95 (Rainfall: 549mm)

Treatment % of total % of total Rainfall Storm Day of

soil loss runoff intesity size season
mmh 1 m)

C 31, 49 3, X 50-60 77, 61 30&35

+M 28, 60 0, 4

H+M 13, 75 19, 72

H-M 2, 3B 0, B

G-M | & 2, 28

Table Id. % Soil loss and runoff expressed as t of seasonal soil loss and
runoff. Maize long rains of 1995 ( Rainfall: 285mn)

1995 long rains maize  season Rainfall 285mm
Treatment % of total % of total Rainfall Stom Day of
soil loss runoff intesity size season
mmh1 m
C 0 69 60 57 3H5
+v 3 87
H+M 87 80
H-M Q0 75
G-M 96 86

In tables la, 1Ib, Ic and 1Id, columns two and three show the
proportion of soil and runoff losses expressed as a percentage of
the total soil and runoff for the season. The Tourth column 1in
these tables shows the range of rainfall intensity which produced
the runoff and soil loss prortions as a percentage of the total
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runoff and soil loss in columns two and three. Column six shows the
day of the season when the rainstorm occurred. The size of the rain
storms in column five emphasise the usefulness of only a few storms
in the seasons responsible for high proportions of soil loss and

runoff respectively.

4.4_. Mulch and crop cover.

The results for the seasons short rains 92793, long rains 1993,
short rains 93/94, Ilong rains 1994, short rains 1994/95 and long
rains 1995 on percent crop/mulch and hedgerow cover are presented
and discussed. The mulch rates used in the +M and H+M plots for the
six seasons were 1.90 and 1.89, 1.80 and 1.65, 2.4 and 2.35, 1.9
and 1.93, 1.2 and 1.3 and 2.01 and 1.96 t ha"l respectively. The
differences in the same were due to variations in the previous
seasons” rainfall as well as powdery mildew effects on the Senna

leaves which to a certain extent also affected the mulch output.

4.4.1. Mulch and crop cover for 92/93 short rains cowpea
season.

Fig. (4.11) shows both the percent crop/mulch cover for the season
in the C, +M, H+M, and H-M plots as from 12 to 65 DAS. At 12 DAS,
the mulch cover in the +M and H+M plots of about 35 and 36 %,
combined with the 15 and 9 % crop cover respectively, provided a
combined cover of 50% and 45 % respectively, which may be supposed
to be sufficient soil cover (Stocking,1988) against erosion by both
rain drop impact interception and runoff water impedance
fig. (4.11.). This was not the case for the H-M plot, where the
initial poor crop cover was poorly intercepting rain drop impacts

and runoff impedance was only provided by the hedgerow barrier. The
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C plot was the only plot where the form of protection against rain
drop impact was only by the poorly developed crop cover, but with

no other protection against runoff erosion.

0O Crop covt*r CO + Crop cover o Mulch cover f & Crop cover CH*M)

X Mulch rover CH*M} 7 Crop rover CH-M1

Figure 4.11. Crop/mulch cover (%) for cowpea, short rains
1992/93.

As most data in Tigs. (4.1-6) and tables 1 and 2 iIn this study
confirm, many of the erosive rain storms occur during the Tfirst
five to six weeks of the rainy season (Moore, 1978), when soil is
bare or vegetation cover 1is low, stressing the importance of

providing means to reduce the risk of soil erosion.

The results also show that at 36 DAS the crop had established only
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around 40% cover and had not attained the 50% cover that has been
considered sufficient to protect the soil against rain drop impact
(Stocking, 1988). The mulch cover was decomposing with time and
although it was just below the optimal 2-4 t ha"l (Lai, 1976b), it
particularly accounts for the differences obtained in soil erosion
and water loss between the +M and C plots. The results further
indicate that at 43 DAS the crop cover alone, of >60% in all the
plots, was more than the minimum crop cover of 50% considered
sufficient to effectively control erosion (Stocking, 1988) fig.
(4.11). The plots must in this case be regarded prone to rain drop
impact erosion before 43 DAS, with the exception of the mulched
plots. This is in line with Kiepe (1995) results which showed high
erosion in non-mulched plots. It should, however, be noted that the
combined cover of mulch and crop as less than 50% at 22 DAS but

more than 50% at 36 DAS.

4.4_.2_. Mulch and crop cover for 1993 maize season.

The results in fig. (4.12) show that reaching a low maximum crop
cover development in C and +M took some time because of lack of
moisture for most of the season. This resulted iIn very poor crop
cover in all the plots. Such poor crop cover is insufficient to
intercept rain drop impact and reduce risk to soil erosion early in

the season, when other ground cover is very poor.
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Figure 4.12. Crop/mulch cover () for maize, long rains, C
and +M plots.

There were relatively low rates of mulch (1.8 and 1.65 t ha*l) in
H+M and +M already at the beginning of the season figs. (4.12 and
4_.13). Most of it remained undecomposed at the end of the season,
due to lack of sufficient moisture to activate decomposition, and
decreasing cover was due to termite activity and wind blow. Even
the best crop cover (not including the grass strip cover) in the G-
M plot Ffig. (@4.13) remained below 30% at their peak, because of

drought. There were no runoff/soil loss data for this season.
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DAG
O Crop covet ih*m) + Mulch covet CH*M} o Crop cover CH-M)

A Crop cover fG-M-)

Figure 4.13. Crop/mulch cover (%) for maize, long rains 1993,
hedgerow/grass strip plots.

4.4.3. Mulch, crop and hedgerow cover for 93/94 short rains
cowpea season.

From this season up to the long rains of 1995, % cover by the

hedgerows and grass strips with respect to the areas they occupied

on the plots were also monitored.

The results in figs. (4.14 and 4.15) show that there was sufficient
% mullch cover iIn the +M and H+M plots (& 50%) at planting to
protect the soil against appreciable soil particle removal by rain

drop 1impact and transportation by runoff, thus reducing soil
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erosion.

DAS
0O Crop cover (O + Crop cover C o Miilrh cov*t f eMj

Figure 4.14. Crop/mulch cover (%) for cowpea, short
rains 1993/94, control and +M plots.

The results also show that one month after emergence (about 35
DAS), the crop had only reached just over 10% cover at maximum
while mulch cover had gone down to 40% through decomposition and

termite activity. This shows that crop cover alone was insufficient
for erosion control and hence the need for mulch cover to
supplement this insufficiency, particularly at the earlier part of

the season.

Because of the absence of mulch, the C, H-M and G-M plots figs.
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DAS
0O Crop covei (HHV) + Mult.h crtvw (H*M) 0 COv*r CH.M)

Figure 4.15. Crop/mulch cover and hedge cover (relative to
the area occupied by the hedge), in (%) for
short rains 1993/94, for H+M, Tor cowpeas.

(4.14 and 4.16) were particularly prone to erosion. This 1is also
shown in table 2. The crop cover in the season for +M, H+M, H-M and
G-M plots remained low, apart from the control, and was even still
<40% at two weeks before harvest Ffigs. (4.14, 4.15 and 4.16). The
crop cover at the control had actually reached about 60% two weeks
before harvesting fig. (4.14). The cover provided by the hedgerows
and grass strips with respect to the area they occupy in the plots
is still small and most of the cover was from the crop in the H-M
and G-M plots respectively. Hence raindrop impact interception was
mostly by the crop cover. It was the hedgerow barrier and grass
strip barrier effect that controlled erosion by runoff in the H-M
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and G-M plots, but there was little erosion control via their
cover. The season had enough quantities of mulch (2.4 t hal) in the
+M and H+M plots due mainly to the good hedge biomass harvest from

the previous season.

DAS
O Crop cover CH-M) + Hedge cover CH-M") o Crop cover CG-M)

A Gra«. cover CG-M)

Figure 4.16. Crop cover, hedge cover (relative to the area
occupied by the hedges) in the H-M plot and grass cover relative
to the area occupied by the grass strip), in % in the G-M plot.
Short rains 1993/94, cowpeas.
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4.4.4_. Mulch, crop and hedgerow cover for long rains 1994
maize season.

Figs. (4.17 and 4.18) show that the mulch covers at planting in the
+M and H+M plots were just over 80% and 70% respectively, and could
therefor 2 be considered effective in the control of erosion even
without crop cover at the initial stages. Fig.(4.8) confirms this,
because only the control plot had soil loss values larger than T
and all runoff data were small. Over the season, the H+M, H-M, G-M
and +M treatments were all more effective against erosion Control
compared to the control plot. For the runoff control, the H+M was

substantially better than the other plots.

DAS
0O Crop cover fC) ¢ Crop cover C"n> O Mulch cover C

Figure 4.17. Crop/mulch cover (%) for maize, long rains 1994,
for C and +M plots.
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By 28 DAS TfTig. (4.17) shows that crop cover development had only
reached 13% in the +m plot. This crop cover iIn +M had reached
40%, which is below the 50% cover considered about adequate for
effective erosion control, by 48 DAS, as compared to 16-26% 1in
other plots figs. (4.17-4.19). At this time also mulch cover in the
+M and H+M had gone as low as 40% and 26% respectively figs. (4.17
and 4.18). There was additional cover provided by the hedge in the
H+M plot, which was also the case for H-m and G-m plots figs. (4.18
and 4.19) respectively throughout the crop growth period, but of
course only near the hedgerows. Although crop cover development was
quite variable in all the plots, there was, of course except for
the C, H-M and G-M plots, enough joined cover of crop and mulch
figs. (4.17, 4.18 and 4.19) to sufficiently control erosion iIn +M
and H+M plots, until mulch cover became very low (in a period with
no intensive rains). Crop cover in the H-M and G-M remained at 25
and 30% respectively (fig-4.19) while hedge and grass covers had
increased tremendously fig. (4.19). The grass cover went down at 48
DAS via cutting in order to reduce excessive growth in the grass

strip alleys. The biomass thus obtained was counted.

4.4.5. Mulch, crop and hedgerow cover for 1994/95 short rains
cowpea season.
The results in figs. (4.20 and 4.21) show that there were low
mullch covers, of around 55% in the +M and H+M plots at the start
of the season. This is lower than in the previous season because
the rain was below average in the long rains of 1994, which
affected the Senna hedgerows where the mulch loppings were
obtained. These figures and fig. 4.22 show also that the crop cover

had a maximum near 35% (H+M; C) but was also as low as near 10% (H-
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Figure 4.18. Crop/mulch and hedge cover (relative to the area
occupied by the hedge), in (%), for maize long
rains 1994, for H+M plot.

M; by 36 DAS and mulch cover had gone as low as about 30 and 25% in
the +M and H+M plots respectively. This was an indication that crop
cover alone was at this stage not sufficient for effective erosion
control, but together with the mulch it was. This is also shown and
confirmed in table 2. The cover by the hedge in H+M as well as H-M
and by the grass in G-M, relative to the hedge and the grass area,
had however reached 50, 43 and 87 respectively at 36 DAS. By 56
DAS, for C and +M as well as, by 66 DAS for H+M, crop cover alone
had adequately developed to provide sufficient cover for erosion
control, but the H-M cover only reached about 40% while the G-M
plot remained below 40% cover (Fig. 4.22) due to stunted crop
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0O Crop cover (H-M) + Hedge cover CH-M1 0 Croo cover CG-M")

A Grate cover CG-M}

Figure 4.19. Crop cover, hedge cover (relative to the area
occupied by the hedge, in the H-M plot and grass cover (relative
to the area occupied by the grass strip) in the G-M plot, in
(%), long rains 1994, maize.

growth. The mulch cover was quite low at this stage of crop
development, mainly due to decomposition and termite activity. The
crop cover in the sampled areas was not representative of the
diseased parts of the plot and so runoff and soil loss may have
been larger than would be expected based on the crop cover figures
alone. The hedgerows and grass strip barriers were however fully

established figs. (4.21 and 4.22) for the control of runoff.
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DAS
0 Crop cover CCD + Crop cover © Mulch cover (*M)

Figure 4.20. Crop/mulch cover (%) for cowpea, short rains
1994795, control and +M plots.

4.4.6. Mulch, crop and hedgerow cover for 1995 long rains

maize season.
Figs. (4.23 and 4.24) show that initial mulch cover in the H+M and
+M plots were near 80 and over 90 % respectively, which was
sufficient to protect the soil against rain drop impact when crop
cover was nil at planting. There was some additional cover
(relative to the area occupied by the hedges) by the hedges in the

H+M and H-M plots, while there was even more cover (relative to the
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area occupied by the grass strip) by the grass in the G-M plot
figs. (4.24 and 4.25) also at planting. At 58 DAS, crop cover in
all plots was still only about 15% (H+M) and in most cases closer

to 10% (table 2). All plots were therefore prone to soil erosion

DAS
0O Oop cov*r + Mulch cov«r CH*M) O .ov*r fH*M)

Figure 4.21. Crop/mulch cover and hedge cover (relative to
the area occupied by the hedge), in % for
cowpea, short rains 1994/95, for H+M plot.

risk, except +M and H+M plots, where there was additional mulch
cover, together always more than 50%. This proves again the need
for the mulch provided by the agroforestry plots for erosion
control. Figures 4.23, 4.24 and 4.25) show that although initially
there remained still variations in crop cover development and crop
cover was rather low, the situation had improved at 78-88 DAS, when
crop cover in all plots was over 50% (for H+M and H-M) and 60% for

the others respectively, crop cover alone now being effective 1in
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erosion control. Because of the slow cover development in the maize
crop, it 1is likely that in the non-mulched plots the risk of
erosion was initially high, and especially during the rain storms
of the first four to fTive weeks (Table 1), during crop

establishment. This 1is also shown in table 2.

16 26 36 46 56 66 76 66 96 106 116

OAS
O Crop cover CW-M) + Hedge cover CH-M3 0 Crop cover CG-M3

A Grass. cover- CG-M")

Pigure 4.22. Crop cover, hedge cover (relative to the area
occupied by the hedge) in the H-M plot and grass cover (relative
to the area occupied by the grass strip) in the G-M plot, in %
for cowpea, short rains 1994/95.

On the whole, however, the mulch cover in the six seasons, though
most often below the optimal 2-4 t ha*l, did help 1in the

interception of rain drop impact, impedance of runoff and hence

reduction of erosion. The mulched plots for the short rains 1994/95
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(fig. 4.9) are an exception to this rule, which may be due to the
cowpea disease that may not have been representatively measured in

the crop cover of fig (4.20). See also section (4.10.5).

crop mulch co-«r

Figure 4.23. Crop/mulch cover %) for maize, long rains 1995.
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DAS
O Crop COVAl (HM1 + lAHch r.ov«rfH*M | o] cov#r CH™.

Figure 4.24 Crop/mulch and hedge cover (relative to the area
7" occupied by the hedge), in (%) for maize, long
rains 1995, maize, for H+M plot.
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A Gratt cover fG-M)

Figure 4.25. Crop, hedge (relative to the area occupied by
the hedge) in H-M plot and grass cover (relative

to the area occupied by the grass strip) 1in the
G-M plot, in %. Long rains 1995, maize.

4.4.7. Additional summarising discussion.

The role of vegetation cover in the interception of rainfall
kinetic energies for erosion control has been stressed by many
researchers (e.g Elwell and Stocking, 1976). The basis for
erosion control through vegetation cover 1is based on the fact
that there is a curvilinear relationship between soil loss and
percentage vegetation cover and that erosion is little different
whether cover is 100% or 60% (Elwell, 1980; Elwell and Stocking

(1974). This relationship is also true for cover and runoff (Elwell
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and Stocking 1976, Lang, 1979). As mentioned in section 2.4, 1in
agroforestry trees or shrubs iIn combination with crops result in
increased canopy cover, which results, 1In 1increased raindrop

interception, thus reducing risks of erosion.

The risk of erosion in the semi-arid lands 1is greater during the
first four to five weeks of crop establishment, when high rainfall
intensity storms occur, as shown in Tables la-Id and 2 in this
study see also (e.g- Moore, 1978). Crop cover was shown iIn our case
to be generally low during this period, as shown in Table 2 in
section 4.4.7. Many high rainfall storms occurred also during this
period (figs. (4.1-6). Therefore mulch from Senna agroforestry
plots was used to enhance soil cover and cushion the soil against
rain drop impact, slow down runoff and consequently minimise
erosion. This provided the protection before the crop reached about
50% cover necessary for effective erosion control "on its own" and
is an indicator as to how important agroforestry is in soil erosion
control. The level of % cover effective for erosion control is
important in soil conservation research and planning and in
reaching realistic cover management objectives in the semi-arid
areas of Kenya. The use of manure and fertilizers for instance
enhances a crop®s ability to grow fast and reach early the required
crop cover for effective erosion control. |In their absence,
additional protective cover, which can be obtained from mulch from
agroforestry tree species, 1is then the more necessary in Ilow
external 1input agriculture if soil erosion is to be minimised to
tolerable levels. Although the main aim of the hedgerows and grass
strip barriers was erosion control by runoff control, there were

some additional % canopy cover benefits derived from the hedgerows
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and grass strips respectively.

The crop cover of 50% advocated in Stocking (1988) has been
obtained from well managed crops# on experimental plots In research
stations# on soils that are uneroded and with optimum plant
density. The results in Table 2 from this study show a situation
where no fertilizer was used and where competition for water and
nutrients as well as diseases (in cowpea) constrain crop cover
development. This author further argues that there is a problem of
erosion control using vegetation cover# for it requires continuous
sensitive and knowledgeable management of both the soil and the
crop to be fully effective. In fact# whenever vegetation cover Iis
maintained at the level of 50-60% but varying according to type of
cover and soil# the interactive processes between the soil and the
plant are sufficient to cope with erosive forces. However# most
crop cover barely reached 30% in the Ffirst month of crop
development (Table 2)# when rainfall intensity was high (Tables la#
Ib# Ic and Id), demanding the use of mulches (Table 2) obtained
from the hedgerows to cushion the soil against raindrop impact and
reduce flow speeds. The low crop cover over the seasons occurred at
optimal plant populations and it is therefore unlikely that this
situation will be any better outside the research station. Maize
and cowpea are row crops and they take time to show iIncreased cover
and therefore better erosion control has to be achieved by other
means. To do this through the use of mulches combined with
hedgerows was successful in most cases but depended on mulch

availability from the growth of a previous year.

When the rainfall amount and intensity, mulch cover percent and
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mulching rate and crop cover development are integrated, it may be
possible to explain the relative erosion rates in different
seasons. In the 93/94 season, fTor instance, the erosion rate was
low because of within average mulch rate (2.4 t ha"l), average
initial mulch cover of >70% in figs. (4.14 & 4.15), when crop cover
was low, average rainfall (288 mm) of medium maximum intensities
(10-50 mm h ©) within the first month, reaching maximum intensity in
the second month of rainfall of 50 mm h1, when cover had
established. This produced only 2.6 t ha’lper season and only 10 mm
of runoff fig. (4.7). In this season, the two characteristic high
storm (Table la, 48 and 23 mm), and high intensity rainfalls
produced over 60% of the total soil loss in all the plots in the
season as well as over 70% of the total seasonal runoff in the C,
+M, H-M and G-M plots (see Table 1a). Crop cover though still Ilow
was higher at 55 DAS than in the first month of the rains (Table

2).
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Table 2. Comparisons of three different dates of crop cover and
mulch cover (in %) for four seasons. Cowpea and maize were grot

in the short and long rains respectively.

year DAS C +M H+M H-M G-M
93/94
35 12 9(42) 9(27) 8 6
55 32 21(25) 19(18) 17 22
75 65 40(15) 44(10) 52 35
1994
33 13 25(40) 19(33) 14 10
58 35 42(30) 29(20) 20 28
78 44 48(25) 33(15) 24 32
1994/95
36 35 26(27) 33(23) 30 14
56 63 50(15) 46(6) 39 14
76 83 57(10) 63(1) 45 18
1995
38 2 1(90) 2(77) 1 2
58 14 11(73)  16(49) 9 14
78 64 44(35)  54(20) 48 48

O = mulch cover.

When this is compared to 1994/95 cowpea season, there wasi on

55032% mulch cover on average at planting, with 1.3 t halmulch
rate, and crop cover development was low in the first month of the
rains (figs. 4.20-4.22). Rainfall was well above average (549 mm)
and with high storms (fig.4.5) with high intensities, of 50-60 mm
h*l (Table 1). This situation produced 61 t halof soil loss and 60
mm of runoff in the C plot (Fig.4.9) because the soil was poorly

protected against raindrop impact and runoff water. Table Ic shows
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that there were two main rainstorms, of 50-60 mm hr* intensity
which produced over 78% of the total soil loss and over 60% of the
total runoff in all the plots in the season. These two storms
occurred when crop cover was still low, at the end of the first
(during the first) month of the rains, and the risk of soil erosion
by rain drop impact high (Table 2). This clearly shows that it is

only a few high intensity rainstorms that are responsible for soil

erosion in the semi-arid areas of Eastern Kenya.

For the 1994 1long rains season compared to the 1995 long rains
season, they had slightly below and about average rainfall of 242.2
and 285 mmm respectively, with initially high mulch covers of >70-
80% and 80->90%, respectively TfTor mulch rates of about 2 t hal,
while both seasons had low crop covers (figs. 4.17 - 4.19 and 4.23
- 4.25). The rainfall characteristics for the two seasons were,

however, different.

In 1994, two main rain storms of 37 mm and 56 mm of 25-40 and 50-60
mm h"l rain intensities respectively. They were both occurring
within the Tfirst five weeks of the rainy season (Table 1Ib) and
accounted for more than 5% of the total soil loss iIn the season,
for all the treatments except for the H+M plot where soil loss was
less than 50% (Table 1b). These two rain storms also produced over
50% of the total runoff for the season in all the plots with plot
C experiencing an overflow (Table 1lb). The crop covers in both the
1st and 2nd months were less or only slightly more than 40%, with
the mulch covers iIn the +M and H+M plots being less than or equal
40% (Table 2). In 1995 there was only one high rain storm, of 60 mm

1 intensity, compared to the two rain storms of (25-60)mm h"1 rain
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intensity) 1in 1994 figs. (@. 4 and 4. 6). This difference in
rainfall intensity (Tables Ib and 1d) accompanied by low vegetation
cover (Table 2) was responsible for the higher erosion rate in C as
well as the other plots in 1995 than in 1994. In both cases the
addition of mulch reduced erosion rates, 10 and more than 15 times
respectively (Figs.4.8 and 4.10). Adding hedgerow barrier reduced
erosion to negligible amounts (Figs.-4.8 and 4.10). For the 1995
rainy season, Table 2 shows that although the +M and H+M plots had
mulch cover, the crop cover in all the plots was quite low in the
second month of rainfall. At five weeks after the onset of rains,
a single high intensity (60 mm h*l) of 57 mm rain storm produced
over 87% of the total soil loss and over 69% of the total runoff

for the season, in all the plots, as shown in table Id.
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4.5. Soil moisture.

4.5.1 Neutron probe calibration.

The results for a composite calibration for both dry and wet field
conditions for each of the seven soil depths are shown iIn figs.
(4.26-4_.29). The calibration equations derived for the seven depths
as shown 1in the above figures also show that there was a TfTairly
high correlation between the volumetric water content measured 1in
cm3 cm"3 and the count rate ratios. The bulk densities were iIn
addition determined in g an"3 for the seven depths. These were 1.36,
1.44, 1.50, 1.50, 1.53, 1.62 and 1.65 gem*3 for 0-30, 30-45, 45-60,
60-75, 75-90, 90-105 and 105-120 cm depths respectively. The mean
bulk density for the seven depths was 1.5110.1 cm3cm3. The dry bulk
densities showed a trend to increase with 1increasing depth, as
expected because of the increasing clay content with increasing
depth. When the moisture contents in the seven depths were merged
and correlated with the count rate ratios in the same depths, the
square of the coefficient of correlation (r2) value obtained was
0.78 (r = 0.88) which was much Jlower than the r2 values for
individual depths. The regression equations for these individual
depths were therefore preferred for use 1iInstead of a single

equation fTor all the depths.
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Neutron Probe Calibration

@ Q-30cm depth

(b) . 30-45cm depth

Figure 4.26. Field neutron probe calibration for (@ 0-30
cm depth and (b) 30-45 cm depth.



45-60cm depth

Figure 4.27. Field neutron probe calibration for 45-60 cm
depth.



Neutron Probe Calibration

(a) 60-75cm depth

e (k) 75-90cm depth

Figure 4.28. Field neutron probe calibration for (@ 60-75 cm
depth and () 75-90 cm depth.

%
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Neutron Probe Calibration

Count Rate Ratio

() 105-120cm depth

Count Rate Ratio

Figure 29. Field neutron probe calibration for (@ 90-105 cm
depth and () 105-120 cm depth.



4.5.2 Soil moisture for the short rains of 92/93.

Figures (4.30-4.34) show the moisture levels, averaged over the
plots, as at planting, Tflowering and at harvest for the season.
These moisture levels were extracted from the entire season”s
moisture data analysis to illustrate what was happening to the soil
moisture at these specific periods iIn the growth cycle of a crop.
For reasons explained iIn chapter 3, the values for the 0-30 cm

layer are those obtained with TDR.

The results show that there was most of the time more moisture iIn
the soil profile at the end than at the beginning of the season for
all depths for the C and +M plots (figs. 4.30 and 4.31). The
moisture levels iIn HM, H-M and G-M plots showed that i1t was only
beyond 60-75, 75-90 and 60-75 cm depths respectively that there was
substantially more moisture at the end of the season than at the
beginning of the season (figs. 4.32, 4.33 and 4.34). This meant
that there was more water uptake by the tree/crop or grass/crop
roots components at the upper soil depths iIn the agroforestry/grass
plots than in the C and +M plots. The moisture levels per depth
went up with the onset of the rains, to exceed soil moisture levels
at the beginning and end of the season. The critical flowering and
grain fTilling stages for the cowpea took place when there was
sufficient moisture in the soil, while there was more moisture

stored in the soil for the next crop.

The average moisture levels at the six measuring points at the
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seven depths for the five treatments, as taken as the average over
the entire season®s data analysis, are shown 1in Tfigures (4.35-
4_.39). The purpose of these additional figures 1is to show, as far
as possible, an overall picture of the distribution of total
moisture at these measuring points, especially with respect to the
distances from the hedgerows or grass strips, 1in an effort to
explain this way per row yield differences iIn the Senna and grass
alleys of this study. Points 1 and 2 were measuring points within
plant rows while point 3 was between plant rows 1iIn all seasons.
These average moisture levels at each of the measuring points in C
and +M plots (figs. 4.35 and 4.36) show that there were moisture
variations among the depths which tend to be particularly large
near the surface and at larger depths. They appear to increase with
increasing depths at or beyond 75-90 cm, possibly due to

differences in increasing clay content.

The moisture trend in the H+M plot varied with depth (Ffig. 4.37).
The H3-M position showed lowest average moisture at a depth of 60-
75 cm and beyond. The picture for averaged moisture at the HI+M and
H2+M was not clear cut, but the differences were overall small (Tig
4.37). The H3-M (fig.4.38) position had lowest moisture at 0-30,
75-90, 90-105 and 105-120 cm, while the H2-M position had highest
moisture content at 0-30, 30-45, 45-60 and at 105-120 cm depths.
Apart from the HI-M position being clearly lowest from 30-75 cm
depth and highest at 75-105 cm depth, the picture on moisture

pattern to the centre of the alley from the hedgerow was not clear
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(fig. 4.38). There were also variations in moisture with increasing
depth for the GI-M, G2-M and G3-M (fig. 4.39). Except for the 0-30
cm depth, the GI-M position had the highest moisture. The G2-M
position had lowest moisture at 30-45, 45-60 and 60-75 cm depth.
The G3-M position had lowest moisture at 60-75, 75-90, 90-105 and
105-120 cm depths. This showed again only a clear moisture

increasing trend of GI-M> G2-M > G3-M at 60-75 cm depth and beyond.

The entire season®"s data at the six measuring points (i.e.at two
sampling places with three points of measurement for each place
numbered like in the figs. 4.35-4.4_.39) were subjected to an ANOVA,
assuming a complete randomised block design, 1in order to check
whether there were differences at the points of measurement as well
as for different depths and treatments. The moisture differences at
the measuring points taken individually over the plots showed that
there were statistically significant differences among points of
measurements, depths and between treatments at P £0.05, and CV =
39.05%. The seasonal average moisture levels over the five plots at
the points of measurement (L.S.D = 0.011, S.E = 0.004) had the
average TFirst measuring points 1st and the two averages of the
second two points of measurement 2nd. These two levels were

statistically significantly different.

Separation of the within treatment average seasonal moisture means
by Duncan®s multiple range test (DMRT), as described in Chapter 3,

ranked the moisture contents at the three points of measurement in

156



the C, +M, H+M, H-M and G-M plots as shown in Table (i) in Appendix
4.1. In this Table, the second two points of measurement in the C
and +M plot were ranked together, while the first measuring points
were ranked separately. This meant that the moisture content at the
first measuring points (between plant rows) and at the second two
measuring points (within plant rows) were statistically
significantly different at LSD = 0.025 and SE = 0.09. However, the
points 1 were higher in the C plot but lower in the +M plot. The
case for the H+M plot showed that the measuring point in the hedge
had moisture which was statistically significantly higher from
moisture at 1 and 2 m positions from the hedge. In the H-M plot,
the three measuring points were not statistically significant
because they were ranked together. The G-M plot moisture data
showed that the position in the grass strip was ranked 1st and
those at 1 and 2 m from grass strip jointly 2nd, as the 1st
position had moisture which was statistically significantly higher

than other positions.

The results also showed that the seasonal average moisture contents
at the seven depths of measurement taken individually over the
plots were also significantly different among treatments.
Separating and ranking these depths®™ means over the plots (that is
points of measurement) by DMRT at LSD = 0.012, SE = 0.006 and P £
0.05 showed that 90-105 cm depth (ranked 1st) had highest mean
moisture content everywhere, although not statistically

significantly different with all other depths in the +M plot and
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the H~M plot. These rankings of the moisture levels for the five
treatments are shown in Table (ii) iIn appendix 4.1. It is indicated
there were further statistically significant differences among
depths within treatments (LSD = 0.04; SE = 0.014). It should be
realised that LSD values should also be feasible from the point of
view of the measurement averages treatment, as obtained with the
equipment used. It is assumed that our measurements Tulfil this
condition. One important Teature appears in this table. The
moisture levels at all depths in the five plots were generally high

as the season had above average rainfall in the season.
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Figure 4.30. Average soil moisture levels per depth at
planting, flowering and harvesting stages.
C plot short rains of 92/93.
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Figure 4.31. Average soil moisture levels per depth at
planting, Tflowering and harvesting stages.
+M plot, short rains for 92/93.
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Figure 4.32. Average soil moisture levels per depth at planting.
flowering and harvesting stages. H+M plot, short rains
of 92/93.
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Figure 4.33. Average soil moisture levels at planting,
flowering and harvesting stages. H-M plot,
short rains of 92/93.
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Figure 4.34. Average soil moisture levels per depth at
planting, flowering and harvesting stages.
G-M plot, short rains of 92/93.
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Figure 4.36. Seasonal mean soil moisture levels per depth
in the +M plot (measuring points) for the short
rains 92/93.
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Figure 4.37. Seasonal mean soil moisture levels per depth
in the hedge, 1 m from the hedge and 2 m from
the hedge. Short rains of 92/93.
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Figure 4.36. Seasonal mean moisture levels per depth in the
hedge, 1 m from the hedge and 2 m from the
hedge. H-M plot, short rains for 92/93.
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Figure 4.39. Seasonal mean soil moisture levels per depth
in the grass, 1 m from the grass and 2 m from
grass. G-M plot, short rains of 92/93.

168



4.5.3 Soil moisture for the long rains of 1993.

Figures (4.40-4.44) show the moisture levels, averaged over the
plots, as at the beginning of the season, at tasselling and at dry
harvesting. These mean moisture levels were extracted from the
season®"s moisture data analysis. The results show that moisture
levels at the end were less than at the beginning of the season for
all the plots (figs. 4.40-4.44). The results also show that
tasselling took place when there was insufficient moisture-: <0.10
cm3 cn"3 at 0-30 cm in the control, up to 30-45 cm in +M and
throughout the profiles in the H+tM, H-M and G-M plots, where there
was more competition for the soil moisture by the tree or grass
components. The moisture content generally increased with depth for
up to 105 cm depth and then fell for all periods for C and +M and
only for the initial dry period in the other plots. For the dry
periods in the hedgerow and grass plots, the soil moisture
increased with increasing depth for up to 60 cm depth (figs. 4.42,
4.43 and 4.44) and then followed a mildly declining trend for up to

120 cm depth (for G-M till 105 cm).

From the seasonal mean moisture analysis, the three averages of the
three pairs of points of measurements iIn Tfigs. (4.45-4.49) show
that the G3-M had more moisture than the G2-M and GI-M for 30-45 cm
and higher (Ffig. 4.49), as there was apparently less competition
for moisture between grass and crops fTurther in the alley than

nearer the grass strip. There were moisture level variations at the
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measuring points iIn the C plot and particularly in the +M plot
(figs. 4.45 and 4.46) as earlier explained. The moisture trends
showed that there were strong TfTluctuations, at a Qlow moisture
level, 1in the HI+M (least) and HI-M; H2+M, H2-M (least); and in
H3+M, H3-M (least) points of measurement (figs. 4.47-4.48). Only in
H+M (from 60-75 cm onwards) and H-M (from 45-75 cm) was some
concentration of runoff water at the hedgerow barriers noticeable.
For the G-M plot, there was a clear increase in moisture content at
30-45 cm depth and beyond in G3-M. The moisture contents at GI-M
and G2-M were much lower and their mutual relation rather unclear

(Fig. 4.49).

An ANOVA was carried out for the overall average moisture levels
for the season at the points of measurement, as was done in 4.5.2,
in order to show a picture at the hedgerows/grass strip, 1 and 2 m
from these barriers, which will help in explaining per row yield
differences in the alleys. The overall results of the ANOVA showed
that there were statistically significant differences in moisture
levels between treatments, among the points of measurements and
among depths P = £0.05 and CV = 46.3%. The results showed that
overall average seasonal moisture differences also averaged over
the depths at the points of measurement, were statistically
significant at L.S.D = 0.004, S.E = 0.002. A separation of the
means and their ranking, using DMRT for the points of measurement,
ranked the overall moisture contents at the 1st and 2nd measuring

points together and the 3rd one separately. When each plot was
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examined separately, there were also moisture differences within
plots (LSD = 0.009; SE = 0.003). In the C and +M plots, the 1st
point of measurement was (between plant rows) ranked separately
from the other two (within plant rows) which were ranked together
(Table (iii) in appendix 4.2). The H+M had the moisture levels with
in the hedge, and at 1 and 2 m from the hedge ranked together, as
the differences between these were not statistically significant.
For the H-M plot, the within hedge position was ranked separately
from the positions 1 and 2 m from the hedge with the- latter
positions having statistically more significantly more moisture
than the former although all values were very low. The again low G-
M plot values showed that the position 2 m away Tfrom the grass
strip was ranked separately, with a higher value, from the values
obtained within the grass strip and 1 m from grass strip which were
ranked together. The differences between the 3rd position with
higher moisture and 1lst and 2nd positions with lower moisture were

statistically significant (Table (iii) In appendix 4.2).

As the moisture means among depths (taken individually at the
measuring points) were statistically significantly different at LSD
= 0.007, SE = 0.002 at P £ 0.05, DMRT was used to separate and rank
moisture means at the seven depths. Near surface layers are
everywhere ranked lowest, the highest ranking occurs within 60-75
cm downwards, and in deeper layers in the C and +M plots, compared
to the other plots. All these moisture level differences within

each plot (LSD = 0.05; SE = 0.005) are shown in Table (iv) 1in
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appendix 4.2. The depths shown to be ranked together are not
statistically significantly different while those 1in different
ranks are. This table shows of course again that there were
generally higher moisture levels in the C and +M plots than the
generally quite low moisture levels iIn the AF and G-M plots where
competition for moisture from crop/grass or crop/tree was high 1in

i
a very dry 1993 long rainy season.
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Figure 4.40.
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Initial dry period + Taccollng stage o Ffnal (try period

Mean soil moisture levels per depth
at planting, tassel ling and harvesting
stages, C plot. Maize, 1long rains of 1993.
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Figure 4.41. Mean soil moisture [levels per depth at planting,
tassel ling and harvesting stages, +M plot.
Maize, long rains of 1993.
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Figure 4.42. Mean soil moisture levels per depth at planting.
tassel ling and harvesting stages H+M plot.
Maize, 1long rains of 1993.
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Figure 4.43. Mean soil moisture levels per depth at planting,
tassel ling and harvesting stages, H plot. Maize,

long rains of 1993.
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Figure 4.44. Mean soil moisture levels per depth at planting.
tassel ling and harvesting. G-M plot. Maize, long

rains of 1993.
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Figure 4.46. Seasonal mean soil moisture levels (at measurir
points) +M plot. Maize, long rains of 1993.
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Figure .47. Seasonal mean soil moisture levels 1iIn the
hedgerow, 1 m from the hedgerow and 2 m from the
hedgerow. H+M plot. Maize, long rams of 1993.
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Figure 4.48. Seasonal Soil moisture levels in the hedgerow,
1 m from the hedgerow and 2 m from the
hedgerow, H-M plot. Maize, long rains of 1993.
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Figure 4.49. Seasonal mean soil moisture levels in grass, 1m
from grass and 2 m from grass, G-M plot. Maize,
long rains of 1993.



4.5.4 Soil moisture for the short rains 93/94.

Figures 4.50-4.54 show the mean moisture levels at planting,
flowering and harvesting as extracted from the season®"s moisture
data analysis. They show that there was sufficient moisture at all
depths in all the plots during the critical flowering stage (figs.
4.50-4.54). These figures also show that there was more moisture at
harvest than at the beginning of the season in all the plots with
the exception of most (above 45 cm) of the C plot, 0-30 cm and 90-
105 cm in the H+M plot and 0-30 cm in the G-M plot so differences
close to the surface. Apart from the C plot at 60-75 cm and beyond
and the +M plot at 45-60 cm and beyond, these differences were
small and at Hlow moisture levels. This picture was due to the
within average (288.5 mm) rains in the season. The soil moisture
levels went up during the crop®s growing period and declined as
shown at the final harvest dry period. The moisture reserves at the
end were however smaller in the H+M, H-M and G-M plots (figs. 4.52-
4.54.) as compared to the C and +M plots (figs. 4.50 and 4.51),
because the agroforestry/crop components jointly extracted more
moisture than the sole crops in C and +M plots. The results also
show that the moisture content generally, but not exclusively,
increased with 1increasing depth up to 105 cm before declining
particularly when the soil was wet (Ffigs. 4.50-4.54). When the
soils were relatively dry, at planting and at harvest, only in the
C and +M plots the soil moisture increased with depth for up to 105
cm before declining but i1t increased with depth for up to 60 cm

before more or less levelling in the H+M, H-M and G-M plots.
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The seasonal mean moisture distributions among the six points of
measurement showed that there was a tendency of having somewhat
more moisture at the hedgerow barrier (so at HI+M and HI-M) than at
1 and 2 m from the barrier at higher depths (that is from 60 cm
respectively from 75 cm onwards), while this picture was not clear
cut at the shallow depths iIn these plots (figs. 4.57-4.58). In the
G-M plot, however, the points at 2 m (in most cases) and 1 m
overall away from the grass strip barrier had more moisture than
the point in the barrier itself (fig. 4.59). This was possibly due
to the aggressiveness of the grass and the competition between the
grass and the crop rows nearest the grass strip for this season of
average rainfall (288.5 mm). For the C and +M plots in (figs. 4.55
and 4.56), the moisture levels had some variations. They generally
increased with depth as already explained, as opposed to the trends
in plots with agroforestry components. This difference could be due
to tree roots extracting water at higher depths compared to the

crops.

A similar analysis as carried out for the earlier two seasons was
done for this season. This showed generally that the seasonal soil
moisture differences (taken individually over depths in all plots)
at the points of measurement, among treatments and depths were
statistically significantly different at P = < 0.05; Cv = 45%.
Separating and ranking these seasonal means, averaged over depth at
the points of measurement at all the plots (LSD = 0.004; SE =

0.002), ranked points 1 and 2 together and point 3 separately, with
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point three having more moisture than points 1 and 2. The within
treatment differences in moisture levels (LSD = 0.009; SE = 0.004)
are shown in Table (v) iIn appendix 4.2. The Table shows that the C
plot had statistically significant differences among the three
points of measurement with point 1 (1st rank, for between plant
rows) having higher moisture levels than points 2 and 3 (2nd rank,
for within plant rows). The +M plot had points 1 and 2 ranked
together and point 3 ranked separately as it had significantly less
moisture than the first two points. Such results point at too low
a measuring point density. The H+M plot results showed that the
three points of measurement (in the hedge, 1 and 2 m from hedge)
were in one rank with no moisture differences. The case for the H-M
plot was that the wetter positions in the hedge and 1 m from the
hedge were ranked together, with the drier position 2 m from the
hedge being ranked second. The G-M plot had the 1 and 2 m
positions from the grass strip wetter and ranked together with the

drier position in the grass strip being ranked separately.

As the analysis showed that there were statistically significant
differences among depths, DMRT was again used to separate and rank
the moisture means fTor the five plots at these depths at LSD =
0.007; SE = 0.002. With C abit of an exception all two surface
layers as well as the deepest Ilayers had Jlowest moisture
everywhere. Highest moisture was between those layers (30-105 cm)
with 1ndeed large differences between maxima and minima. These

differences within treatments (LSD = 0.0150; SE = 0.0054) are shown

185



in Table (vi) 1iIn appendix 4.3. The depths shown to be ranked
together are again not statistically significantly different while
those in different ranks are. The table also shows that there were
generally higher moisture levels in the middle layers of the G-M
plot followed by those of the the C plot while those layers in the

the +M and AF plots had rather similar medium level moisture

contents.
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Figure 4.50. Mean soil moisture levels at planting, flowering
and harvesting stages. C plot. Cowpea, short
rains of 93/94.
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Figure 4.51. Mean soil moisture levels at planting, flowering
and harvesting stages, +M plot. Cowpea, short
rains of 93/94.
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Figure 4.32. Mean soil moisture levels at planting, flowering
and harvesting 3tages. H+M plot, for the shor *

rains 1993/94.
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Figure 4.53. Mean soil moisture levels at planting, Tflowering
and harvesting stages. H-M plot, short rains of
199794
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Figure 4.54. Mean soil moisture levels at planting, Tflowering

and harvesting stages. G-M plot, short rains of
93/94.
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Figure 4.56. Seasonal mean soil moisture levels (at measuring
points) +M plot, for the short rains of 93/94.
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Figure 4.57.
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Seasonal mean soil moisture levels in the hedge,
1 m from the hedge and 2 m from the hedge. K+M
plot for the short rains of 93/94.
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Figure 4.58. Seasonal mean soil moisture levels In hedge, 1 m

from hedge and 2 m from hedge. H-M plot for the
short rains of 93/94.
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Figure 4.59. Seasonal mean soil moisture levels iIn grass, 1m
from grass and 2 m from grass. G-M plot for the
short rains of 93/94.



4.5.5 Soil moisture for the long rains of 1994.

Figures (4.60-4.64) depict the mean moisture levels as extracted
from the season®s moisture data analysis. They show that there was
moisture >0.12 cm3 cm3 in the C, +M and G-M plots, at all depths at
tasseliing of the maize crop (figs. 4.60, 4.61 and 4.64). This was
also the case for the H+M and H-M (figs. 4.62 and 4.63) plots for
up to (close to) 75-90 cm and 90-105 cm depth respectively, after
which the moisture levels declined below that limit up to 120 cm
depth, while the declining G-M levels just reached 0.12 cm3 an"3.
This was possibly due to moisture extraction by the tree/grass
systems at the higher depths. At the high depth of 120 cm,
observations have shown traces of rocks and this could account
partly in part for the always lower moisture level at this depth.
The moisture levels per depth also show that there was generally
less moisture at the end than at the beginning of the season. This
shows that most of the moisture in the soil from rainfall and part
of pre-seasonal storage was iIn this season taken up by the crop or
crop/tree or /grass combination for their growth needs, leaving no
more or little soil moisture for storage for the next crop®"s use.
This was due to the seasonal rainfall (242.4 mm) being below

average for this area and its distribution over the season.

A soil water balance equation (sections 2.5.3 and 4.5.11) was used
during this season to calculate the transpiration (Tr) (see
calculation example in section 4.5.11 for Tr) and hence water use

efficiency (WUE), in tables (14-16) 1in section 4.7.7, since soil
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evaporation (since 1994) and runoff losses had both been measured
during this season. Total soil water in the soil profile has been
calculated in Table 3, taking into account any anticipated seepage
losses (see section 4.5.11 for a calculation example on
percolation). In table (vii) in appendix 4.4, it is shown that from
weekly measurements volumetric water content in each layer (at the
left side of Table (vii) was multiplied by the appropriate depth of
that layer (at the right side of Table (vii)) to get mm of soil
water storage per layer for that depth interval. For instance, a
measurement of 15 mm of water storage in the 4th row and the 9th
column of Table (vii) was obtained by multiplying the 1st soil
layer of 300 mm by the volumetric water content of 0.05cm3m*3
(column 2) for that depth. The sum of the water storages in mm in
eachlof the seven layers gave the total water storage in the soil
profile of 120 cm as shown in the last column of Table (vii). This
is because the seven depths comprised the average 1.2 m rooting

depth at the experimental site.

From table (vii) iIn appendix 4.4, also showing the volumetric water
content at each depth (at the left side of the Table (vii), It is
checked by inspection of the volumetric water results whether the
volumetric water content exceeds the FC for each soil depth. If the
soil moisture content 1In any of the depths exceeds the Tfield
capacity for that depth, then the surplus or excess soil moisture
after subtracting FC is recorded as water loss through percolation.

For 1instance, there was no percolation at 0-30cm since no
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volumetric water content exceeded the calculated FC of 0.26cm3m™3
for that depth in column 2. In columns 3 to 7 representing the BO-
105 cm depth, 1in table (vii) also, no volumetric water content in
those columns exceeded the calculated FC of 0.34 cm3m*3. In column
8 the volumetric water content throughout the season did not exceed
the calculated FC of 0.32cm3m™3 for the depth 105-120 cm depth. This
means that no water loss was recorded, using only probe
measurements taken once a week. We do not know whether any
percolation of water occurred during periods without measurements.
We can only therefore assume from the measurements that no losses
occurred. The sum of all the percolation losses from each depth
were added together for each plot for the whole season, to get
seasonal percolation losses for these plots in mm of soil water. As
there were no percolation 1iIn 1994 long vrainy season, see
calculation example for percolation iIn section 4.5.11 for 94/95
rainy season. The seasonal percolation losses were then subtracted
from the value of ET sections 5.3 and 4 and 4.5.11 (see water
balance equation also in section 4.5.11). The value of ET was
obtained from seasonal probe readings from the calculations of soil
water storage obtained by making adjustments for the rainfall
received into the soil during the crop"s growth period, as shown in
table (viii) in appendix 4.3 for the calculation example. For
instance, to get ET from Table (viii) in appendix 4.3, rain water
of 35.8 mm 1is added to the soil water of 163.5 mm and then the
following week®"s soil water of 172.5 mm is subtracted to give 26.8

mm as shown in the last column of Table (viii) in appendix 4.3.
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Since seasonal runoff (Rn) Tfor each treatment was recorded in
section 4.3, this figure was also subtracted from (P to get) the
value of ET above. Still there is the value of seasonal water loss
via soil evaporation (Es) 1in (section 4.6 a fTor calculation
example) which, when subtracted from the ET will now give the
transpiration (Tr) which is used in crop production and calculation
of water use efficiency, as earlier mentioned. The negative values
in Table (viii) at the end of the season are expected as the soil
was getting drier at harvest. Other low values especially iIn week
8 which was wet may have been due to suspected percolation as rains
occurred earlier in week 8 before neutron probe measurements were

taken and this error will also affect the Tr value later on.
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Table 3. Weekly moisture storage (m) long rains, 1994

WEEK

© 0o N o o »~ w N B

5K B ©

14

16
17

19

21

C
171.0
192.0
172.5
169.5
168.0
180.0
171.0
171.0
255.0
225.0
196.5
183.0
180.0
165.0
145.5
132.0
124.0
120.0
115.5
105.0
115.5
105.0

+ M
163.5
172.5
166.5
151.5
177.0
159.0
163.5
163.5
237.0
207.0
186.0
165.0
153.0
138.0
115.5
105.0
99.0
88.5
79.5
70.5
76.5
67.5

H+M
66.0
99.0
67.5
64.5
91.5
69.0
64.5
79.5

177.0
138.0
102.0
85.5
88.5
73.5
55.5
955.5
48.0
48.0
46.5
45.0
45.0
45.0
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H-M
87.0
124.5
79.5
76.5
103.5
97.5
84.0
78.0
190.5
141.0
109.5
97.5
93.0
76.5
61.5
57.0
58.5
46.5
40.5
39.0
40.5
39.0

G-M
87.0
133.5
106.5
82.5
99.0
88.5
82.5
85.5
193.5
150.0
121.5
114.0
106.5
109.5
90.0
90.0
82.5
78.0
61.5
69.0
67.5
55.5



Using the analysed data for the season, the moisture levels at each
depth in each plot were extracted. The seasonally averaged moisture
levels per depth at the six (three pairs) of measuring points
showed that there were higher moisture values beneath the hedgerows
H+tM; H-M compared to 1 and 2 m away from the hedgerows respectively
(figs. 4.67 and 4.68). In the G-M plot, however, there was more
moisture at G3-M than at GI-M and G2-M respectively (Fig. 4.69),
for this somewhat below average (242.4 mm) season, as found in the
previous season Tfor an average rainy season. In C and +M plots,
however, there were variations as earlier observed at the measuring
points (figs. 4.65 and 4.66), with increasing differences with
depth (after initially closer increasing moisture levels with
depth). These average seasonal moisture differences (taken
individually over depth in all plots) at the points of measurement,
among treatments and depths for the five plots, were statistically

significantly different at P = £0.05. CV = 52%.

The DMRT used to separate and rank moisture means, averaged over
depths for each depth, over the plots (SE = 0.001, LSD 0.004)
showed that points 1 and 3 were ranked together while point two was
ranked separately. There were statistically significant differences
in moisture levels within treatments (LSD = 0.0086; SE = 0.0031) as
shown in Table (ix) in appendix 4.5. This table shows that there
were statistically significant differences at the points of
measurement in the C plot and so the three moisture levels were

placed in different ranks, with moisture between plant rows larger
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than within plant rows. For the +M plot the moisture levels at the
three points now with moisture of measurement were also placed in
three different rankings, but with the points 2 and 3, very close.
Rounding off is sufficient 1iIn this last case to provide
statistically significantly different values. The H+M plot values
showed that the positions 1 and 2 m from the hedge had somewhat
less moisture than the also low value 1iIn the hedge position,
sufficiently so to be placed at different ranks, since the moisture
differences were statistically significant. The H-M plot also
showed that the position in the hedge had slightly more moisture
than the 1 and 2 m from hedge positions, again for low values
overall. In summary, there was more moisture in the hedgerows than
at 1 and 2 m from the hedgerows in H+M and H-M plots respectively.
The case for the G-M was that the position at 2 m from the grass
strip (1st rank) had considerably more moisture than the position
in the grass strip (2nd rank) and the one 1 m from grass strip (3rd
rank), which themselves differed less. Separation and ranking of
the individual seven depths Tfor all the five plots gave
statistically significant differences among them at LSD = 0.006 SE
= 0.002. With the exception of H-M, for the 30-45 cm layer, all two
top surface layers and the lowest layer had again lowest moisture
values. With some permutations, the other layers had higher
moisture values with highest differences among them running from
0.03-0.04 cm3 cn"3). These differences within plots (LSD = 0.013; SE
= 0.005) are shown in Table (X) in appendix 4.5. From this table

also those moisture means which were ranked together had no
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statistically significant differences but there were statistically
significant differences between different ranks. The picture
confirmed from this table is that the C and +M plots had generally
higher moisture levels than the AF and G-M plots. This must have
been due to the presence of crop/tree or crop/grass combinations

which compete for water among other growth resources.
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(em 3Cm '3)

VOLUMETRIC MOISTURE CONTENT

SOIL DEPTH Ca0

[} Initial dry period + Teasellno stage o Final dry period

Figure 4.60. Soil mean moisture levels at planting,
tassel ling and harvesting stages. C plot.
long rains of 1994.
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VOLUMETRIC MOISTURE CONTENT

Figure 4-61.
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901L DEPTH Ccno

Initial dry period + Tasso1lno stao© o F'oa* period

Soil mean moisture levels at planting.
tassel ling and harvesting. +M plot,

of 1994.

206

long



(cm &m's)

VOLUMETRIC MOISTURE CONTENT

SOIL OEPTH CcnQ
O Initial dry period + Tassollng stage O Final dry period

Figure 4.62. Soil mean moisture levels at planting.
tasseiling and harvesting. H+M plot,
long rains of 1994.
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VOLUMETRIC MOISTURE CONTENT (Cm3Cm

SOIL DEPTH (cm)

O Initial dry period 4 Toscoling stage O Final dry period

Figure 4.63. Soil mean moisture levels at planting,
tassel ling and harvesting stages.
H-M plot, long rains of 1994.
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(cm XITI3)

VOLUMETRIC MOISTUPE CONTENT

9D1L DEPTH Ccm)

0O Initial dry period #* Tassellng stage O Final ct*y period

Figure 4.64. Soil mean moisture levels at planting,

tassel ling and harvesting. G-M plot,
long rains of 1994.
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Volum etric woter content (cm 3Cm

Sol J dopth Ccrn)

(0] Point 1 4 Ftoint 2 o Point 3

Figure 4.65. Seasonal mean soil moisture levels (at measuring
points). C plot, long rains of 1994.
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Volumetric water content

0-30 30-45 45-60 00-75 75-90 90-105 105-120

Sof | depth Cc*n)
Q Point 1 + Point 2 O point 3

Figure 4.66. Seasonal mean soil moisture levels (at measuring
points). +M plot, long rains of 1994.
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Figure 4.67. Seasonal soil moisture levels in hedge. 1 m no:

hed ngnd 2 m from hedge. H+M plot, long rams
re
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i

Figure 4.68. Seasonal mean soil moisture levels in hedge, 1m
from hedge and 2 m from hedge. H-M plot, long
rains of 1994.
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VOLUMETRIC MOISTUPE CONTENT

SOIL DEPTH Ccm)

O GI-M, + G2-M * o G3-M

Figure 4.69. Seasonal mean soil moisture levels in grass. 1 m
from grass and 2 m from grass. G-M plot, long
rains of 1994.
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4.5.6 Soil moisture fTor the short rains of 1994/95.

Figures (4.70-4.74) show the moisture content levels per depth in
each plot during the initial dry planting period, the wet flowering
period and the dry harvesting period of cowpea. This was extracted
from the season®s moisture data analysis. The results show that
there was sufficient moisture iIn most of the plots at most depths
during the critical flowering stage of the cowpea plant ((4.70-
4.74). There was also more surplus moisture left at all the depths
in the soil than was available at the beginning of the season as
indicated by the higher soil moisture levels at the end of the
season than at 1its beginning. This implies that some of this
moisture forms a small buffer for the succeeding crop next season
as less drying below the PWP should be compensated for at its
beginning. These results in the wet flowering period also show an
increasing trend in moisture content with iIncreasing soil depth of
up to 105 cm before declining (Ffigs. 4.70- 4.74). In the C and +M
(figs.4.70. and 4.71) the soil moisture also roughly increased with
increasing depths up to 105 cm during the other periods. In the H+M
(fig. 4.72.), H-M (fig. 73), and G-M in (fig. 74), however, the
soil moisture levels only increased with depth during the dry
periods for up to 60 cm, before mildly declining or levelling off,
with the exception of a continuing mild rise for the driest period

in G-M.

In order to get the total soil moisture picture in the 120 cm soil

profile in each treatment, the weekly mean soil moisture from the
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seasons moisture analysis was used and
water balance as explained

storage results are shown

Table 4.

WEEK

10

11

12

13

14

15

16

17

18

The seasonal mean soil moisture values from the six (that

Weekly moisture storage

C

103.

105.

150.

150.

142.

220.

337.

280.

292.

352.

330.

273.

297.

297.

238.

204.

172.

144.

+M

70.

69.

120.

111.

99.

193.

279 .

241 .

249.

285.

256.

217.

243.

243.

211.

199.

183.

165.

later on applied

in section 4.5.5.

in Table 4 below.

H+M

51.0

52.5

93.0

102.0

91.5

166.5

310.5

243.0

247 .5

289.5

261.0

205.5

237.0

226.5

175.5

127.5

123.0

91.5

216

H-M

45 .

48.

103.

109.

90.

189.

277.

213.

225.

262.

355.

190.

201.

210.

168.

133.

102.

87.

0

The soil

G-M

67.

58.

116.

90.

72.

180.

282.

253.

267.

282.

280.

219.

228.

240.

201.

180.

157.

136.

(mm) short rains 94/95

5

in a soil

moisture

is three



pairs of) measuring points for each treatment in the seasonal
moisture analysis, showed that there was somewhat more moisture at
the measuring points beneath the hedgerows than at the 1 and 2 m
away from the hedgerows at 0-30 cm, 45-60 cm, 60-75 cm and 75-90 cm
depths in H+M and in 0-30 cm, 75-90 cm and 90-105 cm depths in H-M
(figs. 4.77 and 4.78), while there was more moisture at 2 m from
grass strip than beneath the grass strip respectively, especially
at the 30-45 cm, 45-60 cm and 60-75 cm depths (Ffigs. 4.79).
Although not particularly clear as to the pattern, this was most
likely due to runoff water accumulating at the hedgerow barrier and
infiltrating into the soil below in the H+M and H-M plots. For the
G-M plot, severe competition for moisture by the grass roots at GI-
M may be one of the reasons for higher moisture Ilevels 1iIn the
alley. There were the usual variations at the measuring points in
the C and +M plots, with differences increasing with increasing
depth as earlier found (figs. 4.75 and 4.76). On the whole,
however, the pattern of moisture levels at the measuring points
appear unclear for these two plots. When subjected to ANOVA, the
average seasonal moisture differences (taken individually over
depth in all plots) among treatments, and depths for the five plots
and at the points of measurement were statistically significant at

P £ 0.05. CV = 36.8%.

Ranking these average seasonal means averaged over depth at the
measuring points, via DMRT, showed that the positions 2 and 3 in

the points of measurement were together ranked in second place and
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the 1st position was ranked 1st. The differences in moisture levels
within treatments were statistically significant (LSD = 0.01; SE =
0.04) as shown in Table (xi) in appendix 4.5. From this table, the
C plot had its 1st point of measurement between plant rows with
more moisture vranked 1st, with the 2nd and 3rd points of
measurement within plant rows with less moisture ranked together in
second place. The +M plot had the 1st point of measurement (between
plant rows) with less moisture ranked 2nd while the 2nd and 3rd
points of measurement (within plant rows) with more moisture were
ranked 1st. The H+M plot results have the position 2m from the
hedge ranked 2nd, with less moisture than the positions Im from the
hedge and in the hedge, ranked 1lst. The case for the H-M plot was
that there were no differences among the three points of
measurement. In the G-M plot, the position Im from the grass strip
(ranked 2nd) had less moisture than the positions 2m from the grass
strip and within the grass strip, that were with more moisture,

ranked 1st, together.

The average seasonal moisture levels at different depths over the
five plots were statistically significantly different at P £ 0.05,
SE = 0.003, LSD = 0.007. When the individual means at each depth
were separated and ranked, as earlier done, there was no clear cut
picture, although layers nearer the surface and at the highest
depth were often highest 1in moisture content, while there was
similar medium level moisture content in the middle depths, where

most of the cowpea/senna or grass roots are. These differences in
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levels iIn depths within treatments at (LSD = 0.016 and SE

= 0.006) are ranked and shown in Table (xii) iIn appendix 4.6. From

also those moisture means which were ranked together had

statistically significant differences but there were

statistically significant differences between different ranks. The

general moisture levels for all depths iIn the five plots were

generally high, with only exceptions at the 75-105 cm levels, as

the season had above average rainfall.
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volum etric watar contant

OEPTH Cc«O

O Initial dry period + Wet period o Final di'y period

Figure 4.70. Soil moisture levels at planting, flowering arid
harvesting stages. C plot, short rains of 94/95.
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Volumetric water content

DEPTH Can)
O Initial dry period + Wet period O Final dry period

Figure 4.71. Soil moisture levels at planting, flowering and
tassel ling. +M plot, short rains of 94/95.
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voeumetrlc water content
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O Initial dyr period + Wet period o Final dry period

Figure 4.72. Soil moisture levels at planting, flowering and
harvesting. H+M plot, short rains of 94/95.
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0.04

0.02
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Figure 4.73. Soil moisture levels at planting, flowering and
harvesting stages. H-M plot, short rains of 94/95.
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Figure 4.74.
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content
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Depth Ccm)
[} Measuring point 1 + M&asuring pofrrt 2 O Measuring point 3

Figure 4.75. Seasonal mean soil moisture levels at
three measuring points, C plot for the
short rains of 1994/95.
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Volumetric water content
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Depth Ccn0O
0O  Measur fng poirrt 1 + Measuring point 2 O Measuring point 3

Figure 4.76. Seasonal mean soil moisture levels at
three measuring points, +M plot for the
short rains of 1994/95.
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Voluir>*trlc wot*r content (Cm322m3)

Figure 4.77. Seasonal mean soil moisture levels in the hedge. 1
m from the hedge and 2 m from the hedge. H+M plot,

for the short rains of 1994/95.
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0O Hi1I-M f H2-M O H3-M

Figura 4.78. Seasonal mean soil moisture levels iIn hedge. 1 m
from hedge and 2 m from hedge. H-M plot, for the

short rains of 1994/95.
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wot«r content (cm3cm

Figure 4.79. Seasonal soil moisture levels 1In grass, 1 m from
grass and 2 m from grass. G-M plot, for the
short rains 1994/95.
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4.5.7. Soil moisture long rains, 1995.

Figures 4.80-4.84 depict a part of the extracted seasonal moisture
data to show moisture levels at planting, flowering and harvesting.
The results (figs. 4.80-4.84) show that there was sufficient soil
moisture (>0.15 cmJ cm"3) in all the plots during the critical
tasselling and grain Ffilling stages of the maize crop. This
moisture was extracted and used by the crop or crop/tree or grass
combination during the growing period as there was less soil
moisture (<0.14 cmXx m3 at a maximum) in all the plots at all soil
depths at the end of the season than at the beginning of the season
(<0.16 cm3 cmn"3 at maximum). This was because the rainfall for the

season was just about average (285 mm) with no surplus for soil
sto:age left overs.

In order to get the total water storage picture in the soil
profile, the weekly means of soil moisture content for each depth
in each treatment were multiplied by the appropriate depth and
added together to get the seasonal soil moisture storage
distribution in the 120 cm soil profile as in Table 5. To get water
used for maize dry matter production in the season (Tr), the soil
water stored in the profile was adjusted after adding measured
weekly rainfalls, removing measured water Jlosses via runoff,
measured water losses via soil evaporation as well as calculated
water losses via deep percolation (see also section 4.5.10). This
value of (Tr) was then used to calculate water use efficiency for

the maize crop (see section 4.7.7).
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The seasonal moisture means were used to show moisture trends 1iIn
each plot, depth and point of measurement. The moisture levels at
the points of measurement indicate that there was somewhat more or
equal moisture beneath the hedgerow barrier (at about 0-30 cm, 45-
60 cm, 60-75 cm, 75-90 cm, 90-105 cm and 105-120 cm depths) than at
1land 2 m from the hedgerow (figs. 4.87) and at 75-90 cm, 90-105 cm
and 105-120 cm depth (fig. 4.88) in the H+M plot, most likely due
to runoff water from the alleys accumulated at the hedgerow
barriers. The points at 2 m away from the grass strip had generally
more moisture than the point beneath the grass strip (fig. 4.89) as
earlier observed. There were variations, rather wildly in the +M
plot, at the points of measurements in the C and +M plot (figs.
4.85 and 4.86) as also earlier observed. These average seasonal
soil moisture differences (taken individually over depth in all
plots at the points of measurement, among treatments and depths for

the fTive plots were statistically significant at P £0.05. CV =
51.2%.

Separating and ranking these average seasonal overall plot values
averaged over depth, at (statistically significantly different at
at LSD = 0.05? SE = 0.002), using DMRT again, groups and ranks 1st
the points at the 1st point of measurement and 2nd the 2nd and 3rd
points of measurement together. The differences at the points of
measurement within the treatments were found statistically
significant (LSD = 0.012; SE = 0.004) as shown in Table (xiii) in

appendix 4.6. This Table shows that the C plot had its 1st point of
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measurement (between plant rows), with appreciable more moisture,
ranked 1st and the other two points with less moisture ranked 2nd.
For the +M plot, the 1st point of measurement (between plant rows)
with less moisture was ranked 2nd while the second two points of
measurement (within plant rows) with more moisture were ranked 1st.
For the H+M plot, the positions in the hedge and 1 m from the hedge
had more moisture, jointly ranked 1st, than the position 2 m from
the hedge ranked 2nd. The H-M plot had its Tirst, two points of
measurement with more moisture ranked 1st and the 3rd measuring
point with less moisture ranked 2nd. The G-M plot results showed
that the moisture levels in the grass strip and 1 m from the grass
strip were ranked 2nd together, with the 3rd point of measurement,

with more moisture ranked 1st.

The differences in mean seasonal plot averaged moisture levels at
individual depths over the plots were found statistically
significantly different at P £ 0.05, SE = 0.003, LSD = 0.008.
Separation and ranking of the mean moisture levels at each of the
seven individual depths showed, with little exception, again the
two top layers and the layer sampled at highest depth to contain
least moisture, while the middle layers had highest moisture,
again with some exceptions or some differences in sequence. These
differences iIn moisture levels at different depths within
treatments are shown in Table (xiv) in appendix 4.6. They were
found statistically significantly different (LSD = 0.019; SE =

0.007). Separation and ranking of the moisture means by DMRT 1is
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shown for each treatment also in Table iv) in appendix 4.6. The
depths grouped together in one group and rank did not differ
statistically significantly iIn their seasonal average moisture
contents, while the depths placed iIn different ranks had
statistically significant moisture differences. It was also clear
from the above table that the C and +M plots had generally higher
moisture levels than the AF and G-M plots, with somewhat more

moisture iIn the G-M plot than in AF plots.
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VOLUMETRIC MOISTURE CONTENT (tm Y n i
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O Initial di'y period + Vet period o Final dry period

Figure 4.82. Soil moisture levels at planting, tasselling and
harvesting stages. H+M plot, long rains of 1995.

237



(Cm 33m'3)

VOLUMETRIC MOISTURe CONTENT

DEPTH Can)
O initial dry period + let period o Final dry period

Figure 4.83. Soil moisture levels at planting, tasselling and
harvesting stages. H-M plot, long rains of 1995.
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Figure 4.84. Soil moisture levels at planting, tasselling and
harvesting stages. G-M plot, long rains of 1995.
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Figure 4.85. Seasonal mean soil moisture levels (at measuring
points). C plot, long rains of 1995.
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Figure 4.86. Seasonal mean soil moisture levels (mneasuring
points). +M plot, long rains of 1995.
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Figure 4.87. Seasonal mean soil moisture levels in hedge, I m
from hedge and 2 m from hedge. H+M plot, long
rains of 1995.
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Figure 4.88. Seasonal mean soli moisture levels in hedge, 1m
from hedge and 2 m from hedge. H-M plot, long
rains of 1995.
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VOLUMETRIC MOISTURE CONTENT.

Figure 4.89. Seasonal mean soil moisture levels in grass, 1 m
from grass and 2 m from grass. G-M plot, long
rains of 1995.
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4.5.8. TDR results.

The seasonal moisture distribution in the top 30 cm depth of the
soil as measured by the TDR for the short rains 94/95 and the long
rains 1995 are presented and discussed below. The data obtained for
the season 1994 were not used, as the values were abnormally low

due to problems with charging the TDR battery, which were later

rectified. t

4.5.9 Soil water content at 20-30cm depth by the TDR
94/95 short rains.

A comparison of the C and +M plots show that the two treatments had
relatively similar soil moisture levels at the top 30 cm, with the
+M values slightly lower on average. Soil moisture became for the
C plot as high as 0.28cm3m*3 (fig. 4.90). Comparing the moisture
levels in the H+M plot showed that there was more moisture
concentrated beneath the hedgerows than at 1 and 2 m from the
hedgerow (fig. 4.91). As we have seen 1in the previous sections,
this was due to the barrier effect in the plot of holding runoff
water and allowing it to infiltrate more beneath the hedgerow. This
led to a decreasing moisture trend in the 1 and 2 m positions from
the hedgerow barrier. There was also more moisture concentrated
beneath the hedgerow in (H-M) plot than at 1 and 2 m from the
hedgerow barrier (fig. 4.92) for the same reasons as explained for
the H+M plot. The same trend of holding more water at the grass
strip barrier than at 1 and 2 m from the barrier into the alley was

as well portrayed (Ffig. 4.93).
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When the average seasonal moisture results accumulated over the
season for the different plots were subjected to ANOVA, there were
statistically significant moisture differences between the
treatments and at points of measurement at P = £ 0.05, CV = 20.69.

The overall moisture differences between treatments were
statistically significant (@t LSD = 0.52, SE = 0.19). The
differences in moisture content among the points of measurement in
all the treatments were also statistically significant (LSD = 0.40,

SE = 0.14). Separation and ranking of the overall means at the
points of measurement in the five plots shows that the first point
of measurement with the highest moisture content of 0.13 cm3 cm"3
(ranked 1st), and the second point of measurement with (0.11 cm3 cn®
3) moisture was ranked 2nd, with the third point of measurement
having 0.10 cm3 cm"3 moisture content ranked third. The within
treatment values (LSD = 0.90; SE = 0.33) as shown in Table (xv) 1in
appendix 4.7 show that the differences in moisture content in the
C and +M were insignificant. The position in the H+M, H-M and G-M
was that the H+MI, H-MI and G-MI positions, with more moisture,

were ranked 1st, while the H+M2, H-M2 and G-M2 positions ranked 2nd
and 3rd respectively. This confirms the fact that runoff water had
collected beneath the hedgerows and grass strips, because of the
water holding effects of these soil and water conservation

barriers.

A comparison was made of soil moisture measurements at the 20-30 cm

soil depth at three measuring points, throughout the season, using
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7DR (figures 4.90, 4.91, 4.92 and 4.93) and neutron probe metre
methods Ffigures (4.94, 4.95, 4.96, 4.97 and 4.98). The results show
that the C and +M plots had similar and very close moisture values
by both instruments (figs. 4.90 and 4.94 and 4.95). This must be
due to the uniformity of soil moisture at the measuring points in
C and +M plots. For the H+M plot, the soil moisture values by the
TDR were clear cut, as we discussed above, and showed a decrease
from HI+M >H2+M and >H3+M (fig. 4.91). The picture shown by the
neutron probe metre for the same measuring points, though in- trends
relatively similar to the ones by TDR, was not so clear cut among
the points of measurement but had a wider scatter of the moisture
levels (fig. 4.96). For the H-M plot, there was a similar trend of
moisture level distribution at HI-M, H2-M and H3-M as in H+M plot
throughout the season as well as a decreasing trend in moisture
levels from HI-M> H2-M and >H3-M, particularly clearly for the TDR
(fig. 4.97). For the G-M plot a similar trend in moisture levels
distribution was noted as in the AF plots in the GI-M, G2-M and G3-

M positions and also over the season (fig. 4.93).

The probe metre values were however somewhat lower than the TDR
values, particularly at the GI-M positions during the wetter part
of the season (figs. 4.93 and 4.98). Compared to the probe metre
the results show that the TDR portrayed a better and clearer cut
picture of the soil moisture levels and distribution at the
hedgerows/grass strips and at 1 and 2 m away from them. The

explanation for this is that the neutron probe metre has some of
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its neutrons escaping into the air which cannot be detected by the
neutron detector and hence resulting in lower than the usual count
rate ratios with consequent low moisture content. The dryer the
soil, the larger the percentual error, because the sphere of
importance that backscatters the neutrons is larger in a dryer
soil. This does not happen with the TDR, which directly monitors
soil moisture content at the surface depths where it is mounted.
The moisture values by the neutron probe were also lower than the
moisture values by the TDR, an indication that indeed the TDR
values were more accurate than the neutron metre. The moisture
levels as measured by the TDR in the C and +M were rather close
even though there was mulch application in the +M plot. The mulch
rates were rather low and may not have been effective enough 1in
holding water for infiltration to show differences in moisture

levels.
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content (cM3Cm'3

O HRw +  Hz2+M o H3"M

Pi. 4.91. Comparison of soil moisture by TDR (20-30cm depth)
in the hedge, Im from the hedge and 2m from the
hedge for the H+M plot, short rains of 94/95
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water content

0O  H-VM K «-M O H3-M

Fig.4.92. Comparison of soil moisture by TDR (20-30cm depth)
in the hedge, Im from the hedge and 2m from the
hedge for the H-M plot, short rains of 94/95
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ig- 4.93. Comparison of soil moisture by TDR (20-30cm depth)
In grass strip., Im from grass strip and 2m from
the grass strip, G-M plot, short rains of 94/95.
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Volumetric water content

Weeks
0O Measuring polrrt 1 + Meastr*Ing point 2 0 Measuring point 3

Figure 4.94. Comparison of soil moisture at the measuring
points 0-30 cm depth by neutron probe, C plot,

short rains 94/95.
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Volumetric wit*r content
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O Measuring point 1 4 Measuring point 2 0 Measuring point 3

Figure 4.95. Comparison of soil moisture at the measuring
points 0-30 cm depth by neutron probe. +M plot

short rains of 94/95.
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i lomparison of soil moisture by neutron P~°be
Figure 4.96. I0cm) depth at HI+M. H2+M and H3+M. for the H+M

ilot short rains of 94/95.
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Fig.-4.97. Comparison of soil moisture by neutron probe (0-30
cm depth) at HI-M, H2-M and H3-M positions. H-M
plot for the short rains of 94/95.



Volumetric water content

Weeks
O Gi1-M + G2-M C G3-M

igure 4.98. Comparison of soil moisture by neutron probe (0 30
cm depth) at GI-M. G2-M and G3-M for G-M plot,
short rains 94/95.
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4.5.10 Soil water content at 20“30cm depth by the TDR long
rains 1995.

A comparison of C and +M plots show that they had relatively
similar moisture levels (fig-4.99) as found in 94/95 season. A
comparison of the moisture levels inside the hedgerow, 1 and 2 m
from the hedgerow showed that there was more moisture inside the
hedgerow in (H+M) Ithan at 1 and 2 m away into the alley (fig.
4.100). This was, as mentioned earlier in section ((4.5.9) and
previous sections due to moisture accumulation and infiltration at
the hedgerow barrier. A similar pattern of moisture distribution

was also portrayed in the H-M and G-M plots, also explained as for

H+M plot above (figs. 4.101 and 4.102).

An ANOVA carried out for the average seasonal TDR moisture data
results at 20-30 cm depth for the five treatments showed that there
were statistically significant treatment differences in moisture
contents between treatments and points of measurement at P £ 0.05;
Cv = 21.14. The moisture differences between treatments were
statistically significant (LSD = 0.29; SE = 0.10). There were
further statistically significant differences in the seasonal
moisture contents among the overall points of measurement in all
the plots at LSD = 0.37; SE = 0.13. Separation and ranking of the
overall seasonal moisture means showed that the point of
measurement in all the plots with highest mean moisture content of
(.11 cm3 an"3) (rank 1) was in the 1st measuring position, the

moisture content of (0.09 cm3 am*3) in 2nd rank was iIn the second
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measuring position, while the last moisture content of (0.08 cmJcm
3 in 3rd rank was in the third measuring position. A separation and
ranking of the means within treatments (Table (xvi) iIn appendix
4.7) showed that there was more moisture in the H+MI, H-MI and G-MI
positions (ranked 1st) in the AF and G-M plots than in H+M2, H-M2
and G-M2 positions ranked 2nd. The H+M3, H-M3 and G-M3 positions
had the least soil moisture and were ranked 3rd (at LSD = 0.638; SE
= 0.23). This confirms that most of the soil moisture was
concentrated beneath the hedgerows or grass strips and this

decreases with increasing distance into the alleys.

A comparison of the TDR (figs. 4.99, 4.100, 4.101 and 4.102) and
neutron probe (figs. 4.103, 4.104, 4.105, 4.106 and 4.107) methods
for soil moisture measurement at 20-30 cm depth was made. The
results show that both the TDR and neutron probe metre show a
rather similar trend of moisture levels throughout the season for
the C and +M plots (figs. 4.99, 4.103 and 4.104) with minor
variations as was the case iIn 94/95 season. These variations could
be due to differences arising from soil heterogeneity in the plots.
It is an indication that more sampling points would have iIncreased
the accurancy but is of course also caused by the non-sutability of
neutron probe measurements near the surface. For the H+M plot, the
picture on moisture levels is clearer with the TDR than with the
neutron probe metre, with the moisture levels on average decreasing
With increasing distance to the centre of the alley (fig. 4.100 and

4.105). There was also a tendency for the TDR to show higher
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moisture values, with higher absolute differences when the soils
were wet than when they were dry. This was most likely because of
neutrons escaping into the air (which percentually should be higher
in dry soil) which could therefore not be detected by the neutron
probe detector, resulting in rather lower moisture content obtained
by the by the prfbe metre. For the H-M plot, the picture on
moisture distribution is again clearer by the TDR than by the probe
metre, with decrease in moisture levels at HI-M >H2-M and >H3-M
actually only visible for TDR observation. This must be edue to
actual sampling differences over depth. The range of moisture
levels by both instruments was, however, rather similar, with TDR
showing a more clear pattern of moisture distribution than the
probe (figs. 4.101 and 4.106). As in the H+M and H-M plots, the G-M
plot had similar moisture pattern distribution by both the TDR and
the probe metre over the season. Only the TDR showed a clear cut
picture of moisture levels as GI-M >G2-M >G3-M respectively, with
higher absolute moisture levels by the TDR than by the probe metre,
especially during wet periods at the GI-M position (fig. 4.102 and
4.107). This was partly due to runoff water accumulation at the
grass strip compared to the positions G2-M and G3-M in the alley.
Why this 1is at least relatively again not shown by the neutron
metre is not immediately clear. Possible reasons may be differences
in sample volume, that is much larger for the neutron probe, that
also samples therefore another horizon of the soil. This introduces

biases. Actual differences between measuring points due to very

local effects may be involved as well.
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A comparison of the TDR and neutron probe methods for soil moisture
measurement at 30 cm depth during this season has shown that the
TDR was more vreliable than the neutron probe metre as earlier
explained in the 1994/95 rain season. In cases where high accuracy
soil moisture is needed with minimum soil disturbance in the 30 cm

top soil layer, TDR though also expensive, is recommended for use.

Time In weeks
0O Control + Mulch

Fi9- 4.99. Comparison of soil moisture by TDR (20-30cm
depth) iIn C and +M plots for the long rains of
1995.
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TImo in wreics
0 Control + Mulch

Figure 4.99. Comparison of soil moisture by TDR (2 -30an)
deoth) iIn C and +M plots for the long rains of

1995 .
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svet&r content
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m| + H2+M 0 H3-"M

Ficrure 4.100. Comcarlson of soil moisture by TDR (2 -30in)
depth) In the hedge, 1 m from the hedge and 2 m
from the hedge iIn the H+M plot, for the long
rains of 1995.
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water content.

Vo

Time In weeks

0O H1I-M + H2-M O H3-M

Figure -101. Comparison of soil moisture by TDR (0 -30c )
depth) in the hedge. 1 m from the hedge and 2 m
from the hedge for the H-M plot in the Ilong
rains of 1995.
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o Gi-M + G2-M 0 G3M

Figure 102 Comparison of soil moisture by TDR 20 30 cm
1027 depth) 1iIn the grass strip. 1 7 "™ he”~rass
strip and 2 m from the grass strip for the G vV
piof£ in the long rains of 1995.
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Vo lunatric water content

Weeks
O Measur log point 1 + Measuring point 2 O Measuring point 3

i Comparison of soil moisture changes at three
Figure 4.103. measuring points by neutron probe metre (0-30 cm

depth), C plot long rains of 1995.
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(cm~"Cm 3

volumetric weter content.

Weeks
0O Hi+* + O H3**

= Comparison of soil moisture changes in the hedge.
Figure 4.105. 1 m from hedge and 2 m from hedge, by neutron
probe (0-30 cm depth). H+M plot, long rains of

1995.
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Q H1-M + H2-M O H3-M

Figure 4.106. Comparison of soil moisture in the hedge, ! ™M Trom
hedge and 2 m from hedge by neutron probe (0-30 cm
depth). H-M plot, long rains of 1995.



(cm~"Cm

Volumetric water content

o Gi-M 4  G2-M « G3-M

i i i i 1m
Ei 4_ 107 Comparison of soil moisture changes in grass,
rgure 0 from grass and 2 m from grass. G-M plot, for the

long rains of 1995.
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4.5.11 Soil water balance.

The water storage in the entire soil profile for each treatment in
each week of measuring season was computed as earlier stated by
taking the moisture content in each depth multiplied by the
appropriate depth in mm. The sum of the seven depths soil water in
mm gave the total water iIn the soil profile that week. The TDR
moisture measurements at 20-30 cm replaced the probe measurements
at this depth as the former were more accurate. Since the moisture
measurements were taken weekly, the soil moisture storage trends 1in
the profile during the crop growth periods could be weekly
monitored starting with week 1 in table 3. Because runoff and soil
evaporation were measured, it was possible to estimate the value of
transpiration (Tr) on the basis of growing season from the water
balance equation below (see also section 2.5.3) where AS = 0 was
assumed:

Tr = P - Rn - Es - Epl - AS - L, where Tr is transpiration, P is
precipitation, Rn is runoff losses, Es is soil evaporation losses,
Epl is evaporation from plant surfaces, AS is change in soil water
storage and L is losses from deep percolation (All units in mm per
season). This equation has been expanded from the one in section
2.5.3 so that calculated ET can be separated from Es and Epl (taken
as zero) as well as allowing for the computation of‘yater storage
changes (AS) in the soil profile due to moisture additions from

rainfall. A calculation example for Tr is shown in Table (xvii) in

appendix 4.7.
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This transpiration value was used for the calculation of WUE in
section (4.6.7). Using the moisture content for each soil depth per
week also, it was further possible to know at what depth soil water
exceeded field capacity and treat it as loss through deep
percolation in the water balance equation. Permanent wilting point
(PWP) 1is the water content at which plants remain wilted over night
or in a humid chamber unless they are watered, while ins itu field
capacity (FC) of a soil refers to the water content after downward
drainage has become negligible and water content has ebecome

relatively stable (Kramer and Boyer, 1995).

The values for the FC and PWP for various fTield soil depths for the
experimental plots were determined in the laboratory by Kibe et al.
(1981). The FC for the Tirst 30 cm depth was 0.26cmXXm\ 1t was
0.34cm3cm'3 for the depths 30-105 cm and 0.32cm3xm"3 for the 10 5-120
cn depth. The PWP values were 0.11lcm3cm3 for the Ffirst 30 cm depth
and 0.16cm3m"3 for the depths 30-120 cm. The maximum available water
or water holding capacity was obtained from the difference between
field capacity (FC) and the permanent wilting point (PWP). These
were the values used to determine whether or not the soil had
percolation losses over the seasons of experiment. The results show
that except for the 94/95 rainy season, the soil water content in
the 1.2 m soil depth in all the plots was between the determined FC
and PWP at the moment of measuring and no percolation losses were
assumed to have occurred since no soil water went beyond FC. We

indicated earlier that with large shower() in the beginning of
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such a week, this assumption may not be correct and this way
evaporation may be too high. For the 94/95 season the results
obtained as seepage losses from a calculation example in table
(xviii) in appendix 4.7 were: C plot 30 mm, +M plot O mm, H+M plot
1.5 mm, H-M 4.5 mm and G-M plot O mm. This was obtained as per the
method described in section 4.5.5. These results were calculated as
an example from table ix) 1in appendix 4.8 which show the
volumetric water content for seven depths iIn the C plot for the
94/95 rainy season. These table shows by inspection at which soil
layers the soil moisture content was more than FC for percolation
losses to occur. The procedure for the calculation of percolation

losses is the one earlier used for 1994 long rains maize season.
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4.6 Soil evaporation.

The results presented cover the long rains 1994, the short rains
94/95 and the long rains 1995. The results for 1993/94 were omitted
as they had major errors made during the set up of the

microlysimeters.

4.6.1 Soil evaporation results for the long rains of 1994.

Tables 6-9 show the 1994 seasonal soil evaporation losses from the
five plots, as measured a maximum of up to seven days following
rainfall events, as well as the estimates made during the rainy
days and measurements taken after the representative measuring
periods of up to seven days. This was done in order to get total
soil evaporation taking place during the entire growing period of
the crop. The results show that there were somewhat higher soil
evaporation losses recorded in the non-mulched C, H-M and G-M plots
as compared to the mulched plots +M and H+M respectively. This is
shown in tables (6-9) for both the subtotals for each treatment as
well as the daily trends within the treatments. This was as a
result of less solar radiation reaching the mulched soil and less
water vapour leaving it than for the non-mulched plots. There is
indeed also an insulation aspect in which air movement is being
reduced just above and within the mulch. Water vapour can leave
less easily a mulched soil. The differences found are ,however,
very small. At the same time, the areas at H2+M, H2-M and G2-M also
showed on average somewhat Jlowered soil evaporation losses as

compared to H3+M, H3-M & G3-M respectively, most likely because of
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the extended shading from the hedgerows and grass strip (Tables 6-
9). The mulch in the +M plot showed a clear low soil evaporation
loss as compared to the C plot throughout the season, while the
soil evaporation at the H2+M was Ilower than in the +M plot,
possibly due to the additional hedgerow shade at the H2+M. This was
all confirmed by the periodical means and subtotals in different
stages of crop growth in the season (Tables 6-9). The results
further show that there were considerably higher daily evaporation
losses in all the plots in the wetter parts of the month sampled in
March, compared to the drier April and May. Those of May were
lowest because the crop had developed fully its canopy, which
further reduced the area of soil exposed to solar radiation. The
month of June was quite dry, as the crop approached maturity and
harvesting. This period was characterised by very small and
negligible or no changes iIn the weight of microlysimeters as
measured early and late in the day (see chapter. 3), and therefore

showing no evaporation losses.

There was of course a marked tendency for higher evaporation losses
to occur when the soils were wetter as compared to when they were
drier following rainfall events (Tables 6-9) . This was the case at
least in the first drying day of taking measurements in all the
plots. The values for the soil evaporation then would go down as
the soil dried, approaching zero when no more water could be lost
from the dry cropped soil. This was the case in the majority of

cases as the seventh day and beyond was approached. The results
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have been obtained by assuming that maximum soil evaporation losses
occurred not only in the wetter months of March and April but also
for the month of May. It was assumed that evaporation was at
maximum When it was raining or at first day of drying. There were
rather high variations in the mean daily soil evaporation losses as
indicated by the high ranges in evaporation losses from wetter to

drier days. This pattern is illustrated in tables (6-9).

The Ffinal results in table 9 show the percentages of soil
evaporation expressed as a percentage of total rainfall for the
season. They show that, after averaging H2+M and H3+M respectively
H2-M and H3-M as well as G2-M and G3-M, the mulched plots +M and
H+M had Qlower soil evaporation by 8 .8% and 9.8%, in absolute
values, compared to the C plot, while the non-mulched plots, H-M
and G-M, had lower soil evaporation by only 3.7 and 2% in absolute
values respectively, compared to the C plot. As a fine structure of
the above, because of the extended shading by the hedgerows and
grass strips, up to 1 m from hedge or grass position, the soil
evaporation losses at these positions were lower than at 2 m from
the hedge or grass position (Table 9). The soil evaporation on the
whole ranged from 56.5% in H+M, 57.5 in +M plot, 62.6% in H-M plot,
64.3% in the G-M to 66.3% in the C plot. This shows that mulches
result in somewhat lower soil evaporation losses and it suggests
that soil evaporation losses account for a very high (perhaps due
to the above assumptions or below mentioned errors too high)

Proportion of water loss in the water balance equation in the semi-
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arid areas of Kenya, as long as soils are wet. Nevertheless, these
findings are substantially higher than the also high findings in
other semi-arid areas (see more iIn section 4.5.3). One reason for
this high evaporation losses found may be due to assuming a maximum
soil evaporation during rainy days while another reason could be
due to suspected poor drainage of the microlysimeter soil core when
it was sealed with a cellotape. Some of the losses detected could
also have been due to soil water extraction by the plant/tree

roots. They should be considered an upper limit.

It should be pointed out that to get the values of soil evaporation
(mm) shown in Table 6, each microlysimeter weight in grammes was
multiplied by the -equivalent water depth (m) of 0.12mm. A

calculation example of soil evaporation is illustrated in Table

(xx) in appendix 4.8.

Table 6. Soil evaporation losses long rains, 1994.

DATE c +H H2+M H3+H H2-H K3-H G2-H 63-*
18.3.94 5.8 5.7 5.4 5.7 5.9 5.8 5.7 5.9
19.3.94 3.9 3.8 3.7 3.8 3.8 3.8 3.9 3.9
20.3.94 4.2 4.0 4.0 4.1 4.3 4.2 4.3 4.4
21.3.94 4.0 3.8 3.7 3.9 4.0 4.1 4.0 4.1
22.3.94 3.9 3.7 3.6 3.7 3.9 4.0 3.8 3.7
23.3.94 3.0 2.4 2.1 2.2 2.5 2.7 2.6 2.8
Heart 4.1 3.9 3.8 3.9 4.1 4.1 4.1 4.1
Std 0.8 1.0 1.0 1.0 1.0 0.9 0.9 0.9
Sub total 24.8 23.4 22.5 23.4 24.4 24.6 24.3 24.8



24.3.94 4.
25.3.94 4.
26.3.94 3.
27.3.94 4.
28.3.94 4.
29.3.94 4.
30.3.94 3.
31.3.94 3.
1.4.94 2.
2.4.94 1.
3.4.94 1.
4.4.94 1.
Kean 3.
Std 1.
Sub total 37.

Table 7. Soil ev
DATE

5.4.94 0
6.4.94 0.
7.4.94 0.
8.4.94 0.
9.4.94 0.
10.4.94 0.
11.4.94 4.
12.4.94 3.
13.4.94 2.
14.4.94 1.
Kean 1.
Std 1.
sub total 12.

0 4
0 4
2 2
0 4.
0 4.
0 4
6 3.
3 2
8 2.
9 1
5 1
0 0.
1 2.
0 1
3 34
aporation
C +H
.8 0.
5 0
0 0.
0 0
0 0.
0 0
0 4.
0 2
2 1
5 0
2 1
4 1
0 9.

0 4.0
0 4.0
.5 2.4
0 4.0
0 4.Q
0 4.0
2 3.1
.9 3.0
5 2.4
.4 1.3
.3 1.2
5 0.3
9 2.8
.2 1.2
3 33.7
losses long

H2+M
4 0.3
2 0.1
0 0.0
0 0.0
0 0.0
0 0.0
0 4.0
.4 2.1
.8 1.6
.8 0.6
.0 0.9
.3 1.3
6 8.7

34.1

rains,

K3+K

0.5

H2-8
0.6
0.4
0.0
0.0
0.0
0.0
4.0
2.5
1.9
0.9
1.0
1.3

10.3
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4.0 4.0 4.0
4.0 4.0 4.0
2.8 2.9 3.0
4.0 4.0 4.0
4.0 4.0 4.0
4.0 4.0 4.0
3.4 3.5 3.5
3.3 3.4 3.4
2.7 2.6 2.8
1.7 1.8 1.8
1.5 1.4 1.5
0.8 0.8 0.9
3.0 3.0 3.1
1.1 1.1 1.1
36.2 36.4 36.9
K3-K 62-H 63-H
0.7 0.8 0.8
0.4 0.5 0.5
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
4.0 4.0 4.0
2.7 2.6 2.9
2.0 1.8 2.0
1.1 1.3 1.3
1.1 1.1 1.2
1.3 1.3 1.3
10.9 11.0 11.5



15.4.94

16.4.94 4.0 4
17.4.94 3.1 2
18.4.94 2.3 1
19.4.94 1.4 0
20.4.94 0.8 0
21.4.94 0.3 0
22.4.94 0.3 0
Heaa 2.0 1
std 1.5 1
sub total 16.2 13.
Table 8. Soil evaporation
DATE Cc +8
23.4.94 4.0 4.
24.4.94 4.0 4
25.4.94 4.0 4
26.4.94 2.8 2
27.4.94 2.0 1
28.4.94 1.4 0
29.4.94 0.8 0
30.4.94 0.5 0
Mean 2.4 2
std 1.4 1
subtotal 19.5

4.0 4.0

losses

12.

long
H2+8
4.

4.

16.

0

0

12.

rains,

K3+8

4.

4.

16.

0

0

H2-8
4.0

4.0

2.3
1.5

18.2
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1.5.94

2.5-94

3.5.94

4.5.94

5.5.94

6.5.94

7.5.94

8.5.94

9.5.94

10.5

11.5

12.5

Mean

Std

Sub total

Table 9. Soil

13.5.

14.5.

15.5.

16.5.

17.5.

18.5.

19.5.

20.5.

21.5.

Mean

std

Subtotal

.94

.94

.94

94

94

94

94

94

94

94

94

12.

evaporation

0

0

20.

.0

.0

10.

0.

0.

18.

losses

17.7

long

10.

0.

0.

18.

tins,

0

0

11.7

1994.

19.1
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12.

19.

12.

19.

12.
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22.5.94 3.8 3.4 3.5 3.6 3.7 4.0 3.6 4.0

23.5.94 3.2 2.7 3.0 3.0 3.2 3.5 3.1 3.7
24.5.94 3.0 1.9 2.4 2.3 2.5 2.6 2.0 2.9
25.5.94 2.0 1.6 1.5 2.0 1.8 1.9 1.8 2.3
26.5.94 2.0 1.5 1.4 1.8 1.4 1.5 1.0 1.9
27.5.94 1.5 0.9 0.8 1.1 1.3 1.3 1.4 1.4
28.5.94 1.0 0.4 0.3 0.5 0.7 0.8 0.8 0.9
29.5.94 0.6 0.3 0.2 0.4 0.5 0.6 0.5 0.5
30.5.94 0.4 0.2 0.1 0.2 0.3 0.4 0.3 0.4
31.5.94 0.2 0.0 0.0 0.0 0.2 0.2 0.2 0.2
Mean 1.8 1.3 1.3 1.5 1.6 1.7 1.5 1.8
Std 1.2 1.1 1.2 1.2 1.2 1.2 1.1 1.3
Sub total 17.7 12.9 13.2 14.9 15.6 16.8 14.7 18.2
Total 160.7 139.4 143.1 140.1 149.1 154.4 152.0 159.0
Z of total 66.3 57.5 55.3 57.8 61.5 63.7 62.7 65.6
rainfall

C = Control +H = Mulch H2+N = 1a froa (tt+M)

H3+M = 2a froa OHM) H2-M = 1a froa (H-M) M3-M = 2a froa (H-M)

62-M = 1a froa (G-M) G3-M = 2a froa (GM)

4.6.2 Soil evaporation for the short rains of 1994/95.

The results fTor the season are presented in tables 10-14. They
indicate that 1in total there were somewhat higher evaporation
losses in the non-mulched plots C, H-M and G-M than in the mulched
plots (+#+M and H+M) (Tables 10-14), as in the former season and for
the same reasons. The H2+M, H2-M and G2-M showed slightly lower
soil evaporation losses compared to the C plot (for all) as well as
H3+M, H3-M and G3-M respectively, which had no additional hedgerow
or grass shading. The H3+M and +M plot had similar evaporation
losses as both had no grass or hedgerow shading, but only crop and

mulch shading as was seen in 4.6.1 for the maize crop. The
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microlysimeters, as stated in chapter 3, were placed between the
rows of maize (4.6.1) as well as between the rows of cowpea (for
this season). The results show that more evaporation occurred in
all the plots during the months when 11t was quite wet (e.g-
November and December Tables 11 and 12) compared to dry months (e.g
January in Tables 13 and 14), as was the case for the 1994 maize
season. This was as a result of the water available on the surface
as well as of the low crop cover, which had little effect on solar

radiation received by the soil.

Following the protocol of no interruption by the rain during the
period of evaporation measurement (Allen et al, 1990), soil
evaporation was sometimes only measured this way in only a few days
in one month (during the days of 3rd, 9th and from 18th onward till
27th and on 30th in November) as shown in Tables 11 and 12. The
rest of the measurements had rainfall iInterruptions, assuming
maximum evaporation losses in all plots on rainy days. This caused
more evaporation iIn the wet months. Despite this, differences in
plots were still shown, for instance 83.6 mm in the C plot compared
to the +M plot with 78.6 mm, as subtotals in Table 11. The
relatively low evaporation losses recorded in January 1995, as
compared to those 1iIn November and December, were as expected
because (i) the soil was drier and losing less water through
evaporation and (ii) less evaporation due to increased crop cover,

less solar radiation penetrating to the soil iIn the plots.
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The picture portrayed in this season was that the mulch in the +M
and H+M plots lowered soil evaporation over the season by 3.9 % and
4.6 % in absolute values compared to the C plot, while the
unmulched plots H-M and G-M with close to 48.5 and 49.5% had only
a little less evaporation compared to the C plot, with 50% soil
evaporation loss. On the whole, the soil evaporation losses
expressed as a percentage of the total seasonal rainfall ranged
from close to 45.5% and 46% in the mulched plots H+M and +M to
close to 50% in the C, H-M and G-M plots (Table 14). The high
proportion of soil evaporation, of up to 50% of the rainfall, being
used by soil evaporation in our case of a semi-arid area points to
the need to reduce evaporation with the use of mulches from senna
shrubs. These differences are to be considered small when mulching
is only a small barrier to evaporation, as iIn our case. The values
found may be somewhat too high for reasons given at the end of

section 4.6.1. They should be considered an upper limit.

Table 10. Soil evaporation losses short: rains 94/95 season.

DATE c +H H2+H H3+8 H2-N H3-K 62-M 63-H
13.10.94 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
14.10.94 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
15.10.94 3.7 3.4 3.2 3.5 3.6 3.7 3.7 3.7
16.10.94 3.3 3.1 3.0 3.2 3.2 3.3 3.2 3.3
17.10.94 3.0 2.7 2.6 2.7 2.8 2.9 2.8 2.9
18.10.94 2.8 2.5 2.4 2.6 2.8 2.7 2.8 2.8
mean 3.5 3.3 3.2 3.3 3.4 3.4 3.4 3.5
std 0.5 0.6 0.6 0.6 0.5 0.5 0.5 0.5
sub total 20.8 19.7 19.2 20.0 20.4 20.6 20.5 20.7
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

10-94

10.94

10.94

10.94

10-94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

*ean

std

sub total

33.

32.

31.

34.
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35.

35.

36.



Table 11. Soil evaporation losses short rains, g4/95

1.11-94

2.11-94

3.11-94

4.11-94

5.11-94

6.11.94

7.11-94

8.11.94

9.11.94

10.11.94

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

11

11

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

aean

std

sub total

.94

.94

94

94

94

94

94

94

94

94

94

94

94

94

94

4

4

83.

.0

.0

4.

4.

77.

0

0

4.

4.

78.

0

0

4.

4.

1.

season

0

0

1

80.1
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81.

81.

82.



Teble 12. Soil evaporation losses short rains, 94/9%5

Date

26.11-94

77.11-94

28.11-94

29.11-94

30.11-94

1.12.94

2.

3.

8.

9.

12.94

12.94

.12.94

.12.94

.12.94

.12.94

12.94

12.94

Mean

std

subtotal

10.

11.12.

13.12.

14.12.

15.12.

16.12.

17.12.

18.12.

19.12.

20.12.

21.12.

aean

std

sub total

94

94

94

47.

26.

45.

25.

4*

H2+H

45.3

24.3

K3+*

45.9

25.6

H2-*

46.6

27.7
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Toble 13. Soil evaporation losses short rains, 94/9% sceam.

22.12-

23.12.

24.12.

25.12.

26.12.

27.12.

2S.12.

29.12.

30.12.

31.12.

1.1.95

Mean

std

94

94

94

94

94

94

94

94

94

94

Subtotal

DATE

2.1.95

3.1.95

4.1.95

5.1.95

6.1.95

7.1.95

8.1.95

9.1.95

10.1.9

11.1.9

12.1.9

Mean

std

Sub total

5

5

5

4

4

32.

22.

.0

.0

4.

4.

29.

0

0

+M

18.

4.

4.

29.

0

0

H2+M

18.

4.

4.

29.

0

0

K3+H

4.0

4.0

4.0

30.8

H2-N

20.6
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4.0 4
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1.2 1
0.6 0
0.2 0
0.2 0
0.3 0
1.9 2
1.4 1.
21.4 21.
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Teble 14. soil evaporation losses short rains, 94/95 seas.

date ¢ M H2+M K3+M K2-M H3-M 62-M 63-M
13.1.95 1.7 1.2 1.0 1.1 1.5 1.6 1.6 1.6
14.1.95 1.3 0.8 0.6 0.7 1.1 1.2 1.1 1.1
15.1.95 0.8 0.4 0.3 0.4 0.6 0.7 0.6 0.8
16.1.95 0.4 0.0 0.0 0.0 0.3 0.4 0.4 0.4
17.1.95 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18.1.95 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19.1.95 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20.1.95 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mean 0.6 0.3 0.2 0.3 0.4 0.5 0.5 0.5
std 0.6 0.4 0.4 0.4 0.5 0.6 0.6 0.6
Sub total 4.4 2.4 1.9 2.2 3.5 3.9 3.7 3.9
Total 275.1 253.4 247.3 252.2 264.3 269.8 268.8 273.2
X of total  50.1 46.2 45.0 45.9 48.1 49.1 48.9 49.8
rainfall

C = Control +M = Mulch H2+M = 1b froa (H+M) K3+H = 2a froa (MHO
H2-M = la froa (H-M) H3-M = 2a froa (H-M) G2-M = 1la froa (G-M)

63-M = 2a froa (G-M)

4.6.3 Soil evaporation for the long rains of 1995.
The results for this season are presented in tables 15-19. They are

in a relative sequence close to what was earlier explained in 1994

long and 1994/95 short rainy seasons.

There was again a marked and logical tendency for the days when
soils were wet to depict higher soil evaporation losses compared to
days with already drying soils (Tables 15-19). There was virtually
no soil evaporation recorded In May/June because, with exceptions

in early May, the soil/ covered with a well established maize
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canopy# was quite dry and the microlysimeters registered no weight
differences. The bulk of soil evaporation therefore occurred during
the wet periods of March, April and early May. Apart from rainy
days, the maximum soil evaporation per day recorded by the
microlysimeter is always the first day after rains. This was 3.8 mm
day'lt in Table 16. The minimum soil evaporation was 0 mm day"1,
mostly on days in May and June (Table 17 and 18). There was one

late April (Table 16).

The total soil evaporation losses were expressed, as a percent of
the total rainfall for the season, in Table 18. This table shows
that the mulched plots +M and H+M had reduced soil evaporation in
absolute values by 5.9% and to 6 .8% compared to the C plot. The
unmulched plots, H-M and G-M had only lowered soil evaporation by
2.8% and 2.4% in absolute values over the season compared to the C
plot. There were minor differences in soil evaporation between the
points of measurements at H2+M & H3+M, H2-M & H3-M and at G2--M &
G3-M respectively. On the average the seasonal soil evaporation
losses ranged from roughly 45-49% of rainfall iIn the nonmulched
plots to around 41-43% in the mulched plots. This shows that mulch
had helped reduce seasonal soil evaporation by in the order of 4-6%
(Table 18) . As rainfall limits crop and pasture production in the
semi-arid areas of Kenya, efforts in soil and water management
should be geared towards reducing the substantial quantities of
water loss via soil evaporation, in order to increase the amount of

water from vrain going to transpiration. Our soil evaporation
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results may be somewhat too high for reasons given at the end of
section 4.6.1. They should be considered an upper limit

Trf)le 15. Soil evaporation results long rains, 1995.

DATE c "HI H2+8 K5*8 H2-8 K3-8 62-8 63-8
18.3.95 3.5 2.9 3.1 3.4 3.4 3.3 32 3.0
19.3.95 3.0 2.9 2.8 2.9 3.0 3.2 3.0 2.8
20.3.95 29 2.9 2.7 2.7 2.9 3.0 2.9 2.7
21.3.95 2.9 2.8 2.8 2.7 2.8 2.8 2.4 2.5
22.3.95 2.9 2.8 2.6 2.6 2.4 2.5 2.0 2.5
23.3.95 1.8 1.3 1.0 1.2 1.4 1.7 1.5 1.8
mean 2.8 2.6 2.5 2.6 2.7 2.8 2.5 2.6
Std 0.5 0.6 0.7 0.7 0.6 0.5 0.6 0.4
Sub total 17.0 15.6 15.0 15.5 16.0 16.6 15.0 15.3
DATE C +8 H2+H K3+8 H2-8 H3-H 62-8 63-8
24.3.95 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
25.3.95 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
26.3.95 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
27.3.95 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
28.3.95 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
29.3.95 3.2 2.4 2.5 2.6 2.7 2.8 2.7 2.9
30.3.95 2.8 2.2 2.1 2.2 2.5 2.6 2.4 2.5
31.3.95 2.1 1.8 1.7 1.7 1.9 2.0 1.9 2.0
1.4.95 2.0 1.6 1.7 1.8 1.7 1.8 1.8 1.8
2.4.95 1.8 1.5 1.4 1.6 1.7 1.8 1.7 1.8
3.4.95 1.5 1.3 1.2 1.3 1.4 1.5 1.5 1.5
4.4.95 1.0 0.6 0.4 0.5 0.7 0.7 0.8 0.9
mean 2.9 2.6 2.6 2.6 2.7 2.8 2.7 2.8
Std 1.1 1.2 13 1.2 1.2 1.2 1.2 1.1
Sub total 34.4 31.4 31.0 31.7 32.6 33.2 32.8 33.4
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Soil evaporation lonaen long raino, 19-5.

T«bl™ 1**

OATH ¢ +H L2ex H3«H 12 N KIN
. 4.0 4.0 4.0 4.0 40 40
«.<»5 4.0 4.0 4.0 4.0 4.0 4.0
7.4%5 9.8 3.3 3.0 3.1 3.6 3.7
[ 25 21 2.0 2.2 2.4 2.5
9.4.95 L8 L0 0.9 1.3 1.7 1.7
10.4.95 0.4 0.2 0.2 0.3 0.2 0.4
eran 2.8 2.4 2.4 2.5 2.7 2.7
Std 1.3 1.5 1.5 1.4 1.4 1.3
Sub total 14.5 14.6 14.1 14.9 15.9 16,3
OATH C tN 112 »N ID«M 112 K HI N
11.4.95 4.0 4.0 4.0 4.0 4.0 4.0
12.4.95 4.0 4.0 4.0 4.0 4.0 4.0
ip.4.95 3.5 3.3 3.3 3.2 3.4 3.5
14.4.95 3.0 3.0 3.1 3.0 3.5 3.4
15.4.95 2.8 2.9 2.8 2.9 3.2 3.2
14.4.95 2.4 2.6 2.4 2.5 2.7 2.9
17.4.95 1.1 0.8 0.7 0.8 0.9 1.0
1t.4.95 1.0 0.5 0.4 0.3 0.6 0.7
mran 2.7 2.6 2.6 2.6 2.8 2.8
Std 1.1 1.2 1.3 1.3 1.2 1.2
Sub total 21.8 21.1 20.7 20.7 22.3 22.7
19.4.95 4.0 4.0 4.0 4.0 4.0 4.0
10.4.95 4.0 4.0 4.0 4.0 4.0 4.0
11.4.95 2.8 2.4 2.0 2.2 2.5 2.6
11.4.95 1.6 1.2 1.1 1.3 1.4 1.5
11.4.95 1.0 0.6 0.5 0.7 0.8 0.9
14.4.95 0.7 0.3 0.2 0.3 0.4 0.6
14.4.95 0.3 0.1 0.0 0.2 0.3 0.3
14.4.95 0.0 0.0 0.0 0.0 0.0 0.0
11-4.95 0.5 0.2 0.1 0.2 0.4 0.5
14.4.95 0.6 0.3 0.2 0.2 0.3 0.5
1~ 4.95 0.6 0.5 0.4 0.5 0.6 0.8
mran 1.5 1.2 1.1 1.2 1.3 1.4
Std 1.4 1.5 1.5 1.4 1.4 1.4
nd» total 16.1 13.6 . 12.5 13.6 14.7 15.7
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02 -H 03
4.0 4
4.0 4

2.7 2
1.4 1
16.2 16
02-N 03
4.0 4
4.0 4
3.6 3
3.5 3
3.1 3
2.8 3
0.8 1
0.5 0
2.8 2
1.3 1
22.3 23
4.0 4
4.0 4
2.5 2
1.4 1
0.8 0
0.5 0
0.2 0
0.0 0
0.3 0
0.4 0
0.7 o)
1.3 1
1.4 1
14.8 15.



TR *

oat*
10.4.95
1»*5
1.5*5
1.5 *5
«.5.*5
5.5.*5
0.5.*5
7.5.*%5
0.5.95
(.5.95

10.5.95

Nnan
-td

Subtotal

Data

11.5.95
13.5.95
13.5.95
14.5.95
15.5.95
15.5.95
17.5.95
15.5.95
H 5.95
70.S5.95
71.5.95

77-S.95

=aan
Itd

B«b total

0.0

0.0
0.0

*H

112»H

evaporation loBdes long rainn, 1995.
- 01

1Q «M H2
4.0 4.0
2.9 3.2
2.7 2.6
2.6 2.1
2.4 1.9
0.5 0.7
0.0 0.1
0.0 0.0
0.0 0.0
0.0 0.0
0.1 0.3
1.4 1.3
1.5 1.4
15.2 14.8
m+N H2 H
4.0 4.0
2.3 2.5
0.7 0.8
0.0 0.0
0.6 0.7
0.8 1.0
0.9 1.4
0.2 0.4
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.8 0.9
1.2 1.2
9.5 10.8

H3-N 03-N
4.0 4.0
3.4 3.2
2.0 2.6
2.4 2.8
2.0 2.0
0.8 0.8
0.1 0.1
0.0 0.0
0.0 0.0
0.0 0.0
0.4 0.4
1.4 1.4
1.4 1.4

15.9 15.6

H3-H 02 -H
4.0 4.0
2.7 2.6
0.8 0.8
0.0 0.0
0.7 0.7
1.1 1.0
1.5 1.4
0.6 0.5
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
1.0 0.9
1.2 1.2

11.4 11.0

1.2

11.6



Soil evaporation lonnen long rainn, I»*5.

Tabl» =

0.0 0.0

0.0 0.0
b e 0.0 0.0
36.5.95 0.0 0.0 0.0
27.5.95 0.0 0.0
26.5.95 0.2 0.0 0.0
».F oy 0.6 0.2 0.1 0.1 0.6
30.S.9S 1.0 0.6 1.0
31.5.95 0.7 0.3 0.6
Nnan 0.3 0.1 0.1 0.1 0.2 0.2 0.2 0.2
ntd 0.4 0.2 0.1 0.2 0.3 0.3 0.3 0.4
mibt.otnl 2.5 1.1 0.8 0.9 I.C 1.7 2.0 2.2
Date C +H H2+N HUM H2-H ID -M 02-n ol M
1.4.95 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.6.95 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.6.95 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.6.95 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.6.95 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 130.0 122.1 117.0 122.0 120.6 133.4 129.6 134.3
3 of total
rainfall 40.7 42 A 41.1 4% * 45.1 46.0 45.5 47.1

0 0

C m Control <N m Mulch mim - la froa (H*M) H3»M ® 2a froa (H«M)
WH- la fmm (I M) ID-B M2mingm (' M 02 H - 1" froa (O M
03-M - 2a froa (CM)
The amount of water evaporated Trom the five plot the

experiment were used 1iIn the water balance equat ion for the
calculation of transpiration by the growing crops and hence for

calculation of water use efficiency in section (4.7).

292



4.6.4. Discussions.

Determination of soil evaporation leads to the separation of the
transpiration of plants from the total evapotranspiration of a
crop- The soil evaporation values were used for the determination
of the water use efficiency of the plants, using the water balance
equation. This 1is important as it leads to the knowledge of the
actual water use by the crop for dry matter or economic yield
production. In managing the water balance mentioned earlier, soil
and water management techniques can therefore be used to minimise
the losses arising from soil evaporation and maximise available

water for transpiration in the semi-arid areas of Kenya.

Soil evaporation losses reported from other semi-arid areas have
been shown to be quite high. Results from semi-arid Niger (Wallace,
1991) show that soil evaporation can dominate the crop water
balance or become insignificant, depending on the soil wetness.
Direct soil evaporation from millet has been determined as between
35-45 % of the total rainfall, the higher proportions occurring in
low rainfall (Wallace et al., 1988; Bley et al., 1991; Fetcher et
al. 1991). One third of the rainfall was lost as soil evaporation
for wheat grown 1in Syria, with even greater losses (50-60% of
rainfall) in dryland barley (Cooper et al. 1983). As mentioned in
Chapter 1, also soil evaporation under a wheat canopy in Australia
was Tfound to be 48% of the total rainfall (Pleuning et al. 1994).
Soil evaporation has been estimated via modelling, using maize and

cowpeas, as between 42-58% of the total estimated
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evapotranspiration at Machakos, Kenya (Mclntyre et al., 1996). Our

values are very much in line with the above.

The soil evaporation losses from maize/senna or /grass strip
cropping for the seasons 1994 and 1995 were high but within the
ranges mentioned above. The soil evaporation losses, as percentage
of the total rainfall, from below the cowpea crop, though still
high, were appreciably lower in the season 1994/95 than that of the
maize crop in 1994 but slightly higher than in the 1995 seasons
(tables 9, 14 and 18 respectively). Actual evaporation losses were
highest in the cowpea season and among the two maize seasons it was
highest in the first. One reason for the high evaporation losses in
all seasons may have been due to assumed maximum soil evaporation
losses during rainy days. A second reason may be that the
microlysimeters may have suffered from poor drainage, as they had
been sealed at the bottom by cellotape to minimise water losses.

This may have created wet conditions in the microlysimeter which

enhances more soil evaporation.

Treatment differences were mainly due to (i) mulch applications and
differences in the crop cover to the ground, which reduce radiation
penetration to the soil, thereby reducing soil evaporation, (ii)
insulation effects where air movement iIs reduced within and below
the mulch and water vapour can leave less easily and (iii) shading
effects of the hedgerows and grass strips. Additionally, wind

movement can lead to asymmetrical shading of the rows near the
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hedge or grass(e.g-Mungai/ 1991). Because the mulch rates were low
in all the seasons, they managed to lower soil evaporation by
absolute amounts of 8.8-9.8% in 1994, 5.9-6.8% in 1995 for maize
crop and also 3.9-4.6% for the cowpea crop of 94/95 between the
mulched and nonmulched plots respectively. These percentages
slightly less 1994 respectively slightly more than double 94/95 and

1993) when relative percentages are used to express differences.



4.7. Photosynthetically active radiation (PAR) interception.

Except for the 1long rains of 1993, when no data were obtained
because of a severe drought, the results for the short rains 92/93,
93794, 1long rains 1994, short rains 94/95 and long rains 1995 for

PAR (%) 1nterception are presented and discussed.

4.7.1 PAR () interception for the cowpea/Senna siamea hedgerow
cropping, Tfor the short rains of 1992/93.
The actual PAR results from 30 DAS through flowering and grain

filling to harvesting, for the short rains of 92/93 are shown in

Table 19 and figures (4.108-110).

The results show that there was a general 1increase 1iIn PAR
interception in the C, +M, H+M, H-M and G-M plots from generally
below 20% as at 30 DAS, reaching a peak of between 60 and 90 %,
mostly at 60 DAS. PAR then in most cases levelled off or fell
slightly towards harvest as the crop reached senescence. The above
was as a result of the increase iIn the leaf area index with
increase iIn hedge/crop canopy growth and hence 1increase in PAR
interception. The combination of shade in the hedge/cowpea
interface canopy near the hedgerow resulted in more canopy shade
and an 1increase in PAR interception compared to the crop at 1 m
from the hedge in the plot with mulch, H2+M (fig. 4.108). The PAR
interception was however slightly more at 2 m from the hedge, H3+M,
than at 1 m, H2+M, because there was no hedge shading at 2 m from

H+M and the cowpea had a healthier canopy compared to the poorer
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canopy crop at H2+M, somewhat shaded by the Senna canopy near it.

The results also show that the H-M plot had a rather similar
relative PAR 1interception as the H+M plot, for similar reasons
(fig. 4.109). Also the results from the G-M plot (fig. 4.110) show
that while the interface canopy at the grass/cowpea interface
showed increased PAR interception at 60 DAS and beyond, mainly due
to grass, at 1 m from grass strip G2-M had slightly lower PAR
interception from 60 DAS onwards than G3-M at 2 m from the grass
strip. This may have been partly because the cowpea row at 1 m from
the grass strip was still seriously affected by not only the grass
shading but also by the lateral grass roots. This resulted in
stunted small leaved cowpea plants, which intercepted very little
PAR compared to the middle big leaved cowpea plant rows, that had
less competition for light, water and crop nutrients than the rows
nearer to the grass strip. The cowpea in the middle rows of the G-M
plot 1intercepted less PAR than those in the C and +M plot

(fig. 4.110), as the latter had no competition for light and other

growth resources.

An additional analysis of variance (ANOVA) was carried out for the
PAR interception averaged for the whole season, which showed that
there were generally statistically significant differences in the
five treatments in PAR interception at the points of measurement,
among treatments and within treatments at P £ 0.050; CV - 32.6%.

Because of this, the next step in the analysis was to separate and
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rank the PAR means at these points of measurement using Duncan‘s
Multiple Range Test (DMRT) as described 1in chapter 3. As an
example, separating and ranking the PAR means at the points of
measurement for the overall treatments is illustrated in Table
(xxi), in appendix 4.8. After separating the means for the Tfive
treatments, the PAR means of points ranked 1st and the other 2
positions were ranked 2nd after the first point of measurement at
LSD = 2.6 and SE = 0.95. From the ANOVA, it was also shown that
there were significant differences among treatments at P £ 0.05,
LSD 3.4 and SE = 1.2. The DMRT ranked the H+M, H-M and G-M
treatment PAR means together while the C and +M treatment PAR means
followed jointly in a descending order. This separation and ranking
of the treatment means is illustrated as an example in table (xxii)
in appendix 4.8. The ranking confirms the fact that alley cropping
results in on average increased PAR interception by the intercrop,
as differences between ranks are statistically significant. The
differences within treatments LSD 5.9; SE = 2.1 are shown in Table
xxii1) In appendix 4.9. In this Table the differences in PAR at
the three points of measurement in the C and +M plots were
statistically significantly different (position 2 ranked 1st and
positions 1 and 3 ranked 2nd. The H+MI, H-MI and G-MI positions
with more 1intercepted PAR (Ist rank) were also statistically
significantly different from H+M2, H+M3, H-M2, H-M3 and G-M2 & G M3
positions with less PAR (2nd rank) respectively. This statistically
confirms that there was more PAR interception at the hedge/cowpea

and grass/cowpea iInterface close to the hedge/grass than at 1 or 2
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m from the hedge or grass strip.

Table 19. Mean PAR interception cowpea senna hedgerow cropping abort rains 92/93

DAS c +M H1+M H2+M H3+M H1-M H2-M M3-M G1-M 62-M  63-M
30 12.7 15.5 18.0 15.5 12.5 11.0 7.5 4.5 26.6 25.0 18.0
40 30.2 31.2 45.5 44.0 31.5 55.7 50.5 53.8 42.5 35.0 36.4
50 73.8 74.5 78.0 67.0 76.5 76.5 65.0 72.5 66.0 60.3 59.0
60 80.2 74.3 91.4 76.0 90.0 80.1 71.2 79.4 74.5 61.2 65.1
70 80.0 71.8 87.0 73.2 87.4 88.4 73.4 80.3 72.3 62.3 67.4
80 76.8 68.2 82.4 80.4 82.6 83.7 71.9 81.2 70.7 63.3 65.8
90 73.5 70.1 83.7 79.3 81.9 90.3 72.4 80.2 74.1 67.5 68.5
C = Control +M = Mulch H1+M = Mean (crop/H+H) H2+M » la froa (H+M) -
H3+M = 2m from (H+M) H1-M = Mean (crop/H-M) H2-M = la from (H-M)
H3-M = 2m from (H-M) G1-H = Mean (crop/G-M) G2-M m la froa(H-M)
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DAS
O Control + Mulch 0 Hi-M A H2-M X H3-M

Fig.4.109. PAR interception. Comparison between control, mulch, hedge+crop, 1 m from
hedge+crop and 2 m from hedge+crop. Cowpeas, short rains of 1992/93.
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Fig.4.110. PAR interception. Comparison between control, mulch, grass+crop, 1 m from
grass and 2m from grass. Cowpeas, short rains of 1992/93.
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4.7.2 PAR interception by the cowpea/Senna siamea hedgerow
cropping for the short rains of 1993/94.

The results for the actual PAR interception for the short rains of

199371994 from 20 DAS to 101 DAS are shown in table 20 and fTigs.

(4.111-4.113 ).

The results show that the Senna/cowpeas interface canopies
intercepted more PAR throughout the season at H+M than at H2+M and
at H3+M respectively and the cowpea canopies in C and +M plots
(fig- 4.111). The crop canopy at H3+M intercepted generally more
PAR than the crop at H2+M as i1t had healthier leaves and was not
shade stressed like the poorer crop at H2+M (Table 20 and Tig.

4.111) .

As for the H-M plot, there was a rather similar PAR interception as
in the H+M plot (figs. 4.112) for at least up to 65 DAS, although
the cowpea crop in H+M plot appeared somewhat healthier. This can
be seen from comparisons in 1 m and 2 m from the hedges in table
20. This could have been due to release of nutrients by the

decomposing mulch in the H+M as opposed to H-M with no mulch or to

another beneficial mulch factor.

In the G-M plot, there was also a similarity in PAR interception
with that in the H+M plot. The middle rows (G3-M) in the G-M plot
generally intercepted slightly more PAR between 35 and 80 DAS than

the cowpea rows nearer the grass strip (G2-M) for the reasons given
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earlier in the 92/93 season (fig. 4.113).

Additionally, an ANOVA carried out showed that seasonally averaged
there were statistically significant differences in PAR
interception in all the plots at the points of measurement, between
treatments and within treatments at P £ 0.05 and) CV = 23.9%.
Separation and ranking of the overall PAR means at the points of
measurement in all treatments using DMRT, as applied in 92/93
season, clearly showed that position one with higher PAR (1st rank)
was statistically significantly different from positions two and
three of PAR measurement ranked 2nd and 3rd respectively (LSD =
2.63, SE = 0.95). The C and +M plots showed no within treatment PAR
differences while the AF and G-M plots had significant differences
(LSD = 5.9; SE = 2.1) as shown in Table (xxiv) in appendix 4.9. In
this table, the H+MI, H-MI and G-MI (jointly with G-M3) positions
with more  PAR interception (st rank) were statistically
significantly different from H+M2 (3rd rank), H-M2 and G-M2 (both
2nd rank) and H+M3, H-M3 (2nd rank) positions which had less PAR.
This means the crop/hedgerows and crop/grass strip interfaces
together with G-M3 had highest PAR interception (ranked 1st)
followed by the other points in the middle of the alley together
with H-M2 (ranked 2nd and jointly second) and then the other in
between ones (ranked last, 3rd and jointly second. There were also
statistically significant differences among treatments. Separating
bbe seasonal PAR means over the treatments and ranking them in a

descending order showed that the H+M and H-M plots ((Jointly ranked

304



earlier in the 92/93 season (fig. 4 .113).

Additionally, an ANOVA carried out showed that seasonally averaged
there were statistically significant differences in PAR
interception in all the plots at the points of measurement, between
treatments and within treatments at P £ 0.05 and) CV = 23.9%.
Separation and ranking of the overall PAR means at the points of
measurement in all treatments using DMRT, as applied in 92/93
season, clearly showed that position one with higher PAR (1st rank)
was statistically significantly different from positions two and
three of PAR measurement ranked 2nd and 3rd respectively (LSD =
2.63, SE = 0.95). The C and +M plots showed no within treatment PAR
differences while the AF and G-M plots had significant differences
(LSD = 5.9; SE = 2.1) as shown in Table (xxiv) in appendix 4.9. 1In
this table, the H+MI, H-MI and G-MI (Jointly with G-M3) positions
with more  PAR interception (st vrank) were statistically
significantly different from H+M2 (3rd rank), H-M2 and G-M2 (both
2nd rank) and H+M3, H-M3 (2nd rank) positions which had less PAR.
This means the crop/hedgerows and crop/grass strip interfaces
together with G-M3 had highest PAR interception (ranked 1st)
followed by the other points in the middle of the alley together
with H-M2 (ranked 2nd and jointly second) and then the other in
between ones (ranked last, 3rd and jointly second. There were also
statistically significant differences among treatments. Separating
the seasonal PAR means over the treatments and ranking them in a

descending order showed that the H+M and H-M plots (jointly ranked
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1st) had higher PAR interception than the G-M plot (ranked 2nd) and
C and +M plots (ranked 3rd) respectively at P £ 0.05, LSD = 3.4 and
SE = 0.6. This ranking of the PAR interception means, both between
the points of measurement and between treatments, again confirms
statistically that cowpea/senna and cowpea/grass systems increased
overall PAR interception but Table (xxiv) of course shows where

exactly this increase took place.

Table 20. Mean PAR interception cowpea senna hedgerow cropping short rains 73/94.

DAS C Hl HIHI H2+H K3+H HI-ft K2-H H3-M 61-H 62-M 63-M
20 22.6 26.4 37.9 19.7 27.9 42.2 20.9 24.1 39.9 21.3 21.3
27 25.8 28.3 44.4 25.2 30.5 46.5 24.8 29.5 44.8 26.2 25.7
35 33.6 33.7 53.7 37.0 38.6 53.7 32.3 34.9 55.6 33.6 36.0
42 40.2 43.1 62.5 43.3 48.6 64.8 42.5 45.1 64.6 44.1 45.1
51 42.3 44.6 64.8 46.0 49.3 66.1 43.6 46.6 66.7 45.3 49.6
58 44.3 46.2 66.6 47.6 51.3 68.1 45.6 48.6 60.4 48.3 47.6
65 51.1 51.9 69.4 49.1 54.3 70.4 49.7 50.1 63.2 53.2 57.0
72 50.0 50.0 68.2 57.4 60.3 75.0 57.6 47.6 64.5 43.6 54.6
80 34.0 33.0 55.6 36.2 34.0 58.3 30.9 20.0 57.4 32.6 38.5
87 34.1 33.0 56.5 36.6 34.8 47.7 25.8 24.4 43.0 31.9 30.3
94 33.5 32.0 52.5 22.8 32.6 47.8 25.5 19.1 41.0 30.6 29.7
101 32.6 30.0 45.1 19.4 24.4 51.9 22.5 25.3 40.9 24.2 26.6
C = Control -HI = Mulch HIHI = Mean(Crop/B+M) H2+M = la froa OHM) K3+M = 2a froa OHM)

Hi-fi =Mean(Crop/H-M) H2-H = 1a froa (H-H) H3-M = 2a froa (H-H)

61-M = Mean(Crop/G-M) G2-M = 1la froa (G-M) G3-M = 2a froa (6-H)
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Flg® 4.111. PAR interception. Comparison between control, mulch, hedge+mulch+crop, 1 m from
hedge+mulch+crop and 2m from hedge+mulch+crop. Cowpea, short rains of 1993/94.
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Fig. 4.112. PAR interception. Comparison between control, mulch, crop/hedge, 1 m from hedge
and 2 m from hedge. Cowpea short rains of 1993/94.
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Fig.4.113. PAR interception. Comparison between, control, mulch, grass+crop, 1m from grass and 2m
from grass. Cowpeas, short rains of 1993/94.
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4.7.3 PAR interception by the maize/Senna siamea hedgerow
cropping, Tfor the long rains of 1994.

The actual PAR interception for this season, as from 30 DAS at the

early stages of growth, through tasselling, grain filling stage and

later (100 DAS) at harvest are shown in table 21 and figs. (4.114-

4.116).

The results show that the maize/senna interface canopies realised
more PAR interception (fig. 4.114) throughout the season at H+M
than at the H2+M, H3+M positions and the maize canopies in the C
and +M plots respectively. This was due to the combined maize and
senna leaf canopies at their interface which intercepted more PAR.
The row of maize at (H2+M), together with any hedge shade influence
left, intercepted generally more PAR than the row at H3+M. The
former row of maize was somewhat healthier and growing somewhat
more vigorously and was observed to have more leaf area than the
latter. This was possibly due to partial beneficial shading of the
first mentioned maize row till the maize plant grew taller than the
senna hedgerow and also due to more moisture concentrated beneath
the hedgerows (section 4.7) than in the middle of the alley. The
roots of senna have been shown to extend to the middle maize rows
where they depressed somewhat more the yields iIn the maize rows
compared to the rows nearer the hedges through competition for
water and other growth resources on flat ground Mungai (1992). This

depressed maize growth contributed to lower PAR interception.



The PAR interception pattern in the H-M plot was similar to the
pattern in the H+M plot, save the fact that the PAR levels were
lower than in H+M (be 1t very variably so for the H2 position),
possibly due to the absence of the mulch, as the crop appeared less
healthy and more stressed (Fig. 4.115). 1In the G-M plot, the
maize/grass interface canopies also intercepted higher PAR than the
maize canopies at G2-M and G3-M respectively. The crop generally
intercepted somewhat more PAR (Table 21) at G3-M than at G2-M, that
may have i1ncluded some shading, although they were often close.
Competition for water and other nutrients by the lateral grass

roots extended to G3-M as well (figs. 4.116).

An ANOVA performed for the PAR interception over the season showed
that there were statistically significant differences in seasonally
averaged PAR interception between the points of measurement in all
the treatment plots, among and within treatments at P 4 0.05(, CV
= 46.4. Ranking the overall means among the treatments (LSD 4.0 and
SE = 1.4) for the PAR interception indicated that the first point
of measurement had significantly higher PAR (1st rank) than the
second point of measurement (3rd rank) and the third point of
measurement (2nd rank). The C and +M treatments showed no
statistically significant differences in PAR 1interception within
the points of measurements but there were differences in the AF and
G-M plots as shown in Table (xxv) in appendix 4.9 (LSD = 8.86; SE
= 3.19). From this table, the H+MI, H-MI and G-MI & G-M3 positions

had more PAR interception (1st rank), H+M2, position (3rd rank) had
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least PAR interception together with H-M2 (Jointly ranked 2nd) and
G-M2 (ranked 2nd and last) while H+M3, (ranked 2nd) and H-M3
(ointly ranked 2nd) positions had intermediate PAR interception.

There were also statistically significant PAR iInterception
differences between treatments. Separating the seasonal average PAR
interception means for the five treatments using DMRT at P £ 0.05,
LSD = 5.1 and SE = 1.8 showed a decreasing order for agroforestry
H+M plot (ranked 1st), H-M and G-M plots (ranked 2nd) and C and +M
plots (ranked 3rd and last). This confirms, as found in earlier
seasons of cowpea, that also Senna/maize and grass/maize systems
result in increased PAR interception, but as in the former season
Table xxv indicates where exactly this iIncrease occurs. Adding the
hedge/strips to the maize is not compensated for by equally less

maize biomass.

Table 21. Mean PAR interception aaize/senna hedgerows cropping long rain* 1994.

DAS c M HIM  HM HBM HIM KM K3M 61-M 62-M  63-M
30 136 145 275 101 74 252 194 87 178 5.2 9.7

37 187 163 391 188 140 366 200 95 294 7.0 146

4 195 223 423 288 192 405 210 170 320 9.3 188

s1 21.9 30.2 457 297 205 480 328 224 333 31.0 29.4

58 492 507 662 543 486 571 426 360 482 433 450

65 539 572 700 640 530 591 420 366 568 493 516

2 538 529 636 496 443 582 513 387 56.0 48.0 43.6

79 533 56.6 621 400 51.6 59.6 480 403 590 486 4500

86 443 365 607 456 423 535 433 406 438 273  37.00

93 392 385 467 286 256 385 300 206 403  2S.0 2530

100 39.0 355 471 290 258 387 301 197 410 254 2540

C = Control +H = Mulch H1+M = Mean (crop/H+M) H2+M m 1b froa OHM) H3+H * 2a froaOHM)
HI-* = aeanCcrop/H-M) H2-M = 1a froa (H-M)  K3-* m 2m froa (H-M)

61-M = aean(crop/G-M) 62-M = 1b froa(G-M) 63-M = 2a froa(6-M)

311



70 -

60 -

40 -

intercept ion

30 -

Oy

20 -

10

O 30 0 58 0 72 0 86 0 100 O

37 0 51 0 65.0 79.0 93 0
DAS
Control + Mulch O HI*M A H2*M X  Hi»M

Comparison between control, mli'¢h. hedge+mulch+crop, 1 » from
4.114. PAR interception p .

Fig. Maize, long rams of 1994.
19 hedge+mulch+crop and 2 m from hedge+mulch+crop. 9

312



70

INTEPCEPTION

1m from hedge+crop and 2
Comparison between control/ mMulch, hedge+crop,
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4.7.4 PAR xnterception by the cowpea/Senna slamea
hedgerow intercropping for the short rains of 1994/95.

During this season, efforts were made to measure and partition the
PAR Intercepted by the tree component and the cowpea component for
the entire growing period (see section 3.3.4 (i) for methodology).
This was possible because the cowpeas foliar disease did not affect
the sampling areas. This PAR partitioning resulted in isolating the
PAR denied to the crop by the hedge shade and the grass shade in

the H+M, H-M and G-M plots.

The results for the season’s actual PAR interception and the
proportion of PAR taken up by the tree/grass shade in the H+M, H-M
and the G-M plots are shown in table 22 and figs -(4.117-4.119 ). The
results in the H+M treatment show that there was a high proportion
of PAR interception by the combination of tree/crop interfaces HI+M
as shown earlier 1in 92/93 and 93/94 cowpea seasons. When PAR
interceptions by crop and tree were separated, it became clear that
shading by the tree only occupied a small proportion of the total
PAR intercepted by the combination of the tree and the crop (table
22 and Tig-4.117). Except for 19, 31 and 38 DAS, when the PAR
interception was 17 % or below, tree shade in H+M remained between
21 and 24 % from 45 DAS to 122 DAS (Table 22). This was the period
when the tree had fully developed its canopy. The PAR taken up by
the tree was far less than that taken up by the crop at 2 m from
the hedge (fig. 4.117 and Table 22). Because the cowpea plants next
to the hedgerow were depressed, it can be deduced that the cowpea
Plants were sensitive to the hedgerow competition for light, water
and nutrients which affected their growth and hence their Tinal

yields, as shown later in section 4.10.
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As for the H-M plot, from 45 DAS to 108 DAS there was a Ilower
tree+crop as well as cowpea PAR interception than for the H+M case
but a similar increase in PAR interception as in the H+M plot
through combination of hedge and crop canopies (Table 22). Compared
to the tree/crop PAR interception, the PAR taken up by the tree was
relatively low, with values below 20 % from 19-38 DAS and above 20
% but below 25 % from 45 DAS to the end of the season. This
suggests, also in fig. 4.118, that cowpea may have been sensitive
to the tree shading and this may partly account for the poor state
of the cowpeas at the row next to the hedgerow, which explain the

lower yields shown in section 4.10 of this study.

In the G-M plot, a comparable pattern of increased PAR
interception was realised in the grass/crop interface, with the
percentages of g/c generally closer to t/c (H-M) than to t/c (H+M).
The portion of PAR intercepted by the grass remained generally
between 18 and 24 % from 31 DAS (Table 22 and fig. 4.119). This PAR
interception by the grass may have affected the growth of cowpeas
growing next to the grass strip, which as earlier noted above in
H+M and H-M plots may be sensitive to shading. The effect of the
grass competition to the cowpea was so severe, like in the H-M
case, that the combined PAR interception by grass and cowpea at
their interface became even less than that found in C and M plots,

where there was no competition for growth resources.

At the same time, however, the total PAR amounts intercepted by the
crop in the C and +M plots were nearly the same. PAR intercepted by
both the trees in H+M, H-M and the grass in the G-M plots was

nearly the same, showing that the degree of additional row shading
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by trees in the agroforestry and by grass in the Panicum plots was
nearly the same. An ANOVA contacted for 94/95 season, showed that
there statistically significant differences for the overall points
of measurements among treatments at (P= 0.05, CV = 16.6%). As was
done before for the other seasons, DMR was used to separate
treatment means among treatments at (LSD = 4.7; SE = 1.5). This
picture 1is clearly shown in Table (xxvi) in appendix 4.10. The
table shows that there were no statistically significant
differences at the points of measurement iIn C and +M plots but
there were statistically significant differences between point HI+M
and 1 and 2 m from the HI+M position. The same was the case for the
H-M and G-M plots where the HI-M and GI-M positions (1st rank) were

statistically significantly different from the positions 1 and 2m

from hedge and grass respectively.
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Table 22. Mean PAR interception by covpea/Senna hedgerow and
their separation for the short rains of 1994/95.

DAS c = tsOHH) ®mc(H+H) t/cOH*) ts(H-H) bc(H-M) t/c(H-*) gs(6-J1>  Bc(fr-M) g/c(fr-A)
19 2.2 10.5 13.9 5.5 13.7 9.1 4.8 10.8 16.6 5.4 10.7
31 247 24.4 15.5 16.1 25.8 17.3 14.8 20.0 20.9 16.5 22.4
38 36.7 36.1 17.0 17.7 28.1 19.7 25.8 35.8 22.4 27.9 36.1
AS 537 54.4 22.5 44.5 59.4 22.7 39.0 50.8 22.7 39.3 54.0
52 61.3 67.0 23.1 49.4 69.6 22.4 42.9 63.0 22.8 39.5 54.2
59  70.7 67.5 23.9 63.3 82.7 22.0 42.1 60.8 22.5 51.0 63.3
66  87.6 92.4 24.2 68.8 91.2 23.7 60.9 81.2 24.2 62.0 80.6
73 90.9 91.5 24.2 68.6 91.0 24.3 65.4 87.0 22.0 59.1 80.2
80  83.1 84.6 21.8 62.9 82.8 21.6 54.9 72.2 19.2 53.6 62.6
87 72.9 70.4 22.5 56.7 73.1 22.3 42.7 58.4 18.6 53.2 62.3
94  47.9 50.6 21.1 39.0 53.0 20.9 26.7 38.7 20.6 36.3 455
101 54.0 41.0 22.2 37.2 50.5 24.1 23.8 37.1 18.7 38.9 50.9
108  45.0 39.5 24.3 30.5 41.7 23.0 25.7 37.0 22.5 25.6 34.4
115 44.4 40.9 22.7 28.0 41.6 24.5 31.5 43.0 20.9 28.2 38.1
122 38.3 34.2 23.9 23.9 34.4 23.5 21.8 31.3 23.7 26.2 36.7

C = Control +H = Mulch ts(H+H) = tree shade PAR (MHO ac(HHI) - cowpea crop PAR (WHO or KS+H
t/c(H+H) = tree+crop PAR (W+H) or H1+M tslH-M) = tree shade PAR Of-M) aclH-IO * cowpea crop PAR (H-M) or H3-M
t/c(H-M) = tree+crop PAR(H-M) or Hi-* gslG-H) = Grass shade PAR(G-*) -c(G-*) - cowpea crop PAR (6-*) or 63-M

g/sCG-M) = grass+crop PAR (6-*) or 61-*
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4.7.5 PAR interception by the maize/Senna siamea

hedgerow cropping for the long rains of 1995.
The seasonal results for the actual PAR iInterception are shown in
table 23 and figs. (4.120-4.122). No partitioning for any part of

the season was done between tree/grass shade and crop shade.

The results show that the combination of the hedgerow canopy and
maize row canopy (HI+M) resulted in more PAR interception than by
the crop canopies in the C, +M plots and at (H2+M) and(H3+M)
respectively (fig. 4.120). This was because there was more leaf
area at the hedge/crop interface than in other areas (Table. 23 &
fig. 4.120). The maize row at (H3+M) showed generally slightly
lower PAR 1interception as compared to maize rows in the C and +M
plots, particularly till 5 DAS inclusive, where there was no
competition for light, just as in the case of the maize rows at the
(H3+M) position. This somewhat poorer biomass performance in the
first part of the season of the middle row was due to the senna

roots which extend to the middle of the tree alley, as earlier

explained in section 4.6.3.

The H-M showed similar PAR interception trends as the H+M plot
compared to C and +M plots, now for H3-M till 80 DAS inclusive and
also from 101 DAS and beyond for similar reasons (Table 23 and fig.
4.121). This trend was generally also shown in the case of the G-M
Plot (fig. 4.122). The row of maize next to the grass strip was
visually very stressed to the extent that it must have intercepted
less PAR than middle rows, which were only slightly stressed by the
extending lateral shallow grass roots. Table 23 shows that the

actual PAR amounts intercepted at both crop/hedgerows and
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crop/grass interfaces were higher than those in the middle rows

H3+M, H3-M; G3-M.

An ANOVA performed as in the previous seasons (apart from 94/95)
for the average PAR iInterception over the season showed that there
were statistically significant differences among PAR interception
at the points of measurement in all plots among and within
treatments at P £ 0.05; CV = 10. The ranking of the overall means
in the five treatments (LSD = 1.2, SE = 0.4), using DMRT as earlier
done at these points of measurement, showed that the first point of
measurement had more PAR interception (1st rank) than the second
and third points of measurements with less PAR interception ranked
2nd and 3rd respectively. The C and +M plots showed no
statistically significant differences within the treatments at the
points of measurements, while those iIn AF and G-M plots were (LSD
= 2.7; SE = 1.0), as shown in Table (xxvii) 1in appendix 4.10. This
table shows that the H+MI, H-MI and G-MI positions with more PAR
interception (1st rank) were statistically significantly different
from the H+M2, H-M2 & G-M2 as well as H+M3, H-M3 & G-M3 positions
with less PAR interception (ranked 2nd and 3rd) respectively. This
confirms that the hedgerow/crop and grass/crop interfaces had a
higher PAR % interception close to the hedge/grass than at 1 and 2
m away Trom hedge respectively. Separating the seasonal treatment
means by DMRT showed further that the H+M and H-M had the highesc
means (ranked 1st) followed by G-M plot (ranked 2nd) and finally
the +m and C plots (ranked 3rd) respectively. This confirms
statistically that alley cropped plots and grass stripped plots
resulted in higher PAR % 1interception than found in the sole

cropped plots. Table xxvii shows exactly where these differences
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occurred

Table 23. Hean PAR

OAS

30

38

45

52

59

66

73

80

87

94

101

108

115

C = Control

K3+H

14.

32.

58.

48.

60.

60.

60.

59.

46.

44.

46.

39.

38.

2 m fro*

+R

interception aaize/Senna hedgerow cropping

M KI+H
16.5 40.3
35.8 67.9
61.2 72.6
49.5 72.1
57.5 76.6
54.4 81.2
59.8 80.0
60.1 80.6
49.5 78.9
49.0 75.2
48.5 72.6
41.0 71.2
43.7 71.9
= Mulch
(HHO

2 a froa (H-H)

2 a froa

(G-M)

K2+R

22.9

40.6

55.2

45.4

56.7

63.9

61.7

63.3

59.6

50.8

49.2

47.2

45.6

HI-H =

GI-M =

K5+M

17.7

28.1

52.7

45.2

57.5

60.5

44.9

48.7

39.8

35.5

W1-R

29.8

64.2

75.6

75.1

78.0

80.8

78.5

82.0

75.0

72.0

71.7

71.6

H1+H = Mean(crop/ffrtl)

aean(crop/H-H)

Mean(crop/G-M)

IC-M

21.8

35.3

56.6

48.5

54.0

58.6

63.0

58.5

65.8

54.8

49.2

46.8

45.0

K2+R «

K2-R

62-H
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long rains 1995.

K3-R

13.1

27.2

52.0

57.1

57.9

64.3

50.7

43.2

35.8

34.3

laf

-1 a

-1 a

61-R

42.7

76.5
73.5
72.3
78.1
74.3
76.3
77.1
74.1
68.9
65.2

66.3

roa OHM)
froa (HR)

froa (G-M)

62-R

21.2

33.2

61.5

50.3

52.1

63.5

58.3

65.0

57.0

50.7

47.2

38.4

41.7

63-R

14.4

30.4

54.1

45.1

45.5

54.5

54.5

59.8

51.8

41.0

46.0

30.8

37.4
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4.7.6 Light use efficiency (e).

To put the results in this section 4.7 in proper perspective, light
use efficiency was determined using Monteith’s (1977) equation
given in section 2.6 for crop growth analysis of the form: P =
e*f*S, where P is the total seasonal dry matter or above ground dry
biomass produced (g m2), e is the conversion efficiency or the
light use efficiency in g MJ"1 (of intercepted PAR), T 1is PAR
absorption or interception percentage by the crop for the season
and S is Tlux density of PAR in Megajoules per square metre per
season. To use this equation one assumption made is that the total
incoming PAR is about half the total radiation incoming 1in the
season. Now e is calculated from the equation, since the other
values are measured or estimated, as e = P/(S*F). Table (xxviii)

in appendix 4.10 shows how (e€) was computed.

4.7.6.(a). Light use efficiency for the long rains 1994.

Table 24 compares the results for the calculated efficiency with
which the PAR intercepted was used for the above ground biomass
formation in the five plots. This above ground biomass includes the
harvested Senna hedgerows biomass and grass biomass from the grass
strips respectively, because measured PAR did not distinguish
between them during the season. The results show that the C and +M
plots with sole maize crop canopies had higher e (1.8 0.1, 1.8+
0.1) than the H+M (1.5+ 0.4), H-M (1.2 0.3) and G-M (1.1+ 0.9)
Plots with maize and tree or grass canopies respectively. This
means that although the agroforestry and grass/maize canopies had
intercepted more PAR, they were less efficient in its use, for the
increased PAR interception did on average produce less above ground

biomass per unit of PAR intercepted. The reason for this is that
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maize as a C4 pathway photosynthetic plant is more efficient in the
use of intercepted PAR than the C3 Senna siamea tree 1iIn the
hedgerows (e-g. Squire, 1993). In the G-M plot there was still
lower (e), comparable to the H-M case, although both the maize and
grass are C4 plants. This was due to the extreme competition not
only for water but also for nutrients and other resources by the
grass lateral roots, which nearly wiped out the rows of maize

adjacent to the grass strip.

Sole maize, therefore, without the competing C3 trees and C4 grass,
was more efficient 1iIn the use of Ilight. Drought and too Ilow
nutrient supply have been shown to affect (e) (e.g- Squire, 1979,
Muniafu, 1991). As such, the 1994 rainy season was just below
average (242.4 mm) and no fertilizer was used and these two factors
may have limited the value of (e). The (e) values obtained from
sole maize in the C and +M non-agroforestry plots were somev/hat
higher than values reviewed elsewhere for C4 plants of 1.5-1.7 (e.g
Russel et al. 1989). However, Howard et al. (1995) also obtained a

higher (e) value, of 2.2, for sole maize at Machakos, Kenya.
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Table 24. Light use efficiency long rains 1994.

g m2 g M** @ MImJ
Treatment P e L S
r 4004 1.8 37 590
+M 380+3 1.7 37 590
H+M 38043 1.5 43 590
H-M 290+2 1.2 40 590
G-M 230+8 1.1 36 590

PAR was estimated with an error of 6%.

4.7.6.(b) Light use efficiency short rains 94/95.

Table 25 compares the results for the () of the five treatments.
The results show that the C and +M plots, with sole cowpea canopies
having an (¢) of 0.9+ 0.2 and 0.7+ 0.2, appear slightly lower in
the efficient use of intercepted PAR compared to the
agroforestry/cowpea canopies in H+M and H-M plots which had an (e)
of 1.0+ 0.5 and 1.1+ 0.5 respectively. The G-M plot had an (e) of
0.8 = 0.7. The combined canopies of cowpea/trees 1iIn the
agroforestry plots intercepted less PAR but produced more or nearly
the same biomass (in total as well as per unit of PAR intercepted)
compared to the sole cowpea canopies in the C and +M plots. This
could be because of the poor performance of the shaded cowpea near
the hedge. Stress conditions influence the outcome. The (e) by the
cowpea/grass canopies in the G-M plot was equally low or lower
compared to other plots, although grass is a C4 plant. As explained
earlier, the grass was very competitive with the Tfirst rows of
cowpeas Tfor water and nutrients as well as for light and other
growth resources and this resulted in low PAR interception by the

crop as well as low above ground biomass formation by the crop and
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hence low (e). The combination of Senna hedgerow/cowpea and
grass/cowpea strip intercropping did in this study not result in
much improved (€) compared to sole cowpea. Competition accounts for

this poor performance. For the G-M plot, this was even worse.

Table 25. Light use efficiency, short rains 1994/95.

gm2 g MJ-- « MJ m2

TREATMENT P e L S

C 480+ 1 0.9 53 1050
+M 380+ 1 0.7 53 1050
H+M 510+ 4 1.0 47 1050
H-M 470+ 4 1.1 41 1050
G-M 350+ 7 0.8 42 1050

PAR was estimated with an error of 6&%-

4.7.6. (¢) Light use efficiency for the long rains 1995.

Table 26 compares the results for the five treatments. The

show that the C and +M plots with C4 sole maize crop canopies had
higher (e) than the Senna/maize and grass/maize canopies in the H+M
and H-M, C3+C4 plants combination and G-M C4 plants combination
plots respectively (Table 26). The H+M and H~M plots had higher (e&/
than the G-M for reasons explained earlier for the long 1994 rains
maize season. Sole maize was, as in 1994 more efficient in the u>e
of PAR than Senna/maize or grass/maize for reasons also explained
earlier in (4 .7.6.()), but overall their efficiency came out
somewhat lower than in 1995, although only in C nd +M the error
limits do not overlap, the error [limits 1in Table 26 being

comparable to those in Table 24. Although the 1995 (285 mm) season
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was slightly wetter on the whole than the 1994 (242.4 mm) season
and much more runoff occurred in 1995, the resulting above ground
biomass yield productions were appreciably higher, due to a better
use of effective rainfall and higher PAR, as well as PAR

interception. Stronger competition for resources must have spoiled

(e).

Table 26. Light use efficiency long rains, 1995.

g gMI1T @) MI i
TREATMENT P e f S
C 530+3 1.7 46 690
+M 530+4 1.6 48 690
H+M 58012 1.3 63 690
H-M 50013 .2 62 690
G-M 34016 .8 59 690

error involved in PAR estimation is about 6%

4.7.6.(d) Discussion.
It should be noted here that not all PAR intercepted by the plant

is directly used for dry matter production. OF the PAR incident on
a crop, 5-6% is lost by reflection and transmission, while inactive
absorption by the cell wall cytoplasm and non—-photosynthet jc
tissues, which include trunks and flowers, also account for losses
estimated to be between 2 and 5. (Hall, 1979, Ling and Robertson,
1982, Beadle and Long, 1985). Some PAR losses may also result from
the death of some of the plant parts during the measuring period as
well. The PAR therefore available for active absorption, taking

into account the above losses, 1is only 38-43% of incident global

radiation (Beadle and Long, 1985).
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In our calculations of (e) ineffective absorption was not
considered. In calculating (e), in all the plots for 1994, 94/95
and 1995 seasons, to obtain absorbed instead of intercepted
radiation, a 6% loss in reflection (see section 2.6) of the total
seasonal PAR was deducted from all the plots, which had the same

effect for all plots calculated.

PAR affects the rate of photosynthesis and consequently the (e).
Normally a linear response of growth to absorbed PAR is expected as
long as the unstressed canopy 1Is not exposed to saturatory
irradiations for significant parts of the growing season (e.g.-
Russel et al. 1989). Shortage of water has been shown to be the
cause of reduction in (e) in a number of plant species. This has
been the case for barley plants (Legg et al, 1979) and also for
chickpea (Hughes et al, 1987 ). In this study, however, (e) for the
two maize seasons of rather comparable rainfall from 1994 (242.4
mm) to 1995 (285 mm) remained comparable 1i1f anything, somewhat
lower in 1995) as shown in tables 24 and 26. This was the case
because, although the rainfall amounts were different by over 40
mm, and were well distributed over the two seasons and runoff and
soil loss were alot higher iIn 1995, the higher production of
biomass used same or more PAR per unit of biomass in 1995, due to
increased competition, if differences have to be explained. The low
(0) values associated with leguminous species (Gosse et al, 1986)
may be partly attributable to the demands of the nitrogen Tfixing
rhizobia in the root nodules. This could also be the case in this
study, where (e) fTor cowpea iIs found to be Ilower than that of

maize, but the iInfluence of other stresses complicates this

picture.
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4.7.7 Water use efficiency (WUJE).

The results fTor the WUE for the long rains 1994, short rains
1994/95 and long rains 1995 are presented in tables (27-29). The
values for transpiration (Tr) are obtained from the calculated
values iIn section (4.5.11) from the water balance equation. WUE 1is
obtained by dividing the total biomass per hectare of the plots
from each treatment by the value of (Tr). The value of WUE has an
ccumulated error of 16% accruing from the determination of Tr 1in
Table xvii iIn appendix 4.7. See Table (xxix) 1in appendix 4.10 for

a calculation example.

4.7.7.(a) Water use efficiency (WUE) long rains 1994.

The results for water use efficiency in 1994 show (Table 27) that
except for the H+M plot, which had slightly higher WUE (33.5), the
sole maize in the C plot was most efficient in the use of water for
above ground biomass yield production. The maize/senna and
maize/grass systems in the H-M and G-M plots were also lower.
Competition for water and other nutrients, with the exception of
the H+M plot, lowered the water use efficiency of the agroforestry
and grassed plots respectively. Where there was more competition,

especially for water in the G-M plot, the WUE was lowest.
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Table 27. Water use efficiency, long rains of 1994.

Treatment Total biomass Transpiration Water use
yield an efficiency
t hal mm Kg ha"1l mm1l
C 4.0 150 26.7
+M 3.8 170 23
H+M 3.8 115 33.5
H-M 2.9 120 24
G-M 2.3 110 21

N.B. The error from the determination of ET from soil moisture
values was 5%, that from the estimation of soil evaporation from
the lysimeter use protocol was 10%, the error from runoff data was
5% while error arising from estimating percolation losses was 5%.

The total cumulative error in estimating WUE is therefore about 2%.

4.7.7.(b) Water use efficiency for the short rains of 94/95.

The WUE for the 94/95 season show that the sole cowpea in the C
plot was more efficient in the use of water for above ground
biomass yield production than the +M plot as well as the
cowpea/senna and cowpea/grass systems in the H+M, H-M and G-M plots
respectively (Table 28). For the intercrops this was due to
competition for water and/or other growth resources. The
differences in WUE in C and +M plots were partly due to differences
in total above ground biomass in the season as a result of observed
slow germination in +M plot, for reasons as such unknown. We will
come back to this issue, forwarding several possible reasons, among
which lower temperatures iIn H+M and other reasons for differences

in root growth. The covpea/tree system in the H+M, H-M and G-M
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plots had relatively small differences in WUE, falling in a range
of 21 + 2.5 kg hal mml. Any of such maximum differences may be
differences in observed severity of competition for water and
nutrients, that for example in the G-M plot nearly wiped out the
rows of cowpea next to the grass strip. These results show that the
senna/cowpea or grass/cowpea system resulted In using more water
from the soil profile than the sole cowpea in C and +M plots, as
shown by the value of Tr iIn Table 28, but this did not result in
more biomass production per unit of water used when compared to the
C plot. Apparently the trees evaporated water without giving much
additional biomass in return and to the grass this applies as well
but less: 1t gave much less biomass with slightly higher Tr. As

earlier indicated competition effects must also have been involved.

Table 28. Water use efficiency, short rains of 94/95.

Treatment Total biomass  Transpiration Water use

yield an efficiency
(WUE)

t ha’l mm Kg halmm"1

c 4.8 160 31.5

+M 3.8 175 22

H+M 5.1 215 23.5

H-M 4.7 230 20.5

G-M 3.5 190 18.5
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4.7.7. (¢) Water use efficiency for the long rains of 1995.

The picture for this season was bearing some similarity with 1994,
particularly in the ranking, but the values were on average 45%
higher, due to somewhat better rainfall. Due to the absence of
competition for water, light and nutrients, the WUE (Table 29) for
1995 for the sole maize C plot was now highest, but this did again
not apply to the +M plot. The G-M plot was lowest of the intercrops
and again the H+M was strangely highest in WUE. The presence of
mulch in the +M plot, as well as the presence of hedgerow and grass
strip barriers resulted in higher (Tr) values. Lower WUE values for
the H-M and G-M plots are explained from Ilower biomass. The
exception of the H+M plot, because of high biomass, 1is not
immediately explainable either, particularly because +M fails to
high but inefficient transpiration. The WUE for the G-M plot for

1995 was only 23, due to severe competition between the grass and

crop components.

Compared to the (242.4 mm) 1994 rainfall season, the WUE for maize
in 1995 (285 mm) rainfall improved by 10.5 (about 30%) and 5 (about
20%) kg ha"1mm*1 for sole maize in the C and +M plots respectively.
Also despite the competition there were increases in the WUE of 2.5
(<10%) and (25%) kg ha"l mm"1 in H+M and H-M plots respectively.
There was also an increase in the WUE in the grass/maize system of
2 (10%) kg halmm"l in 1995 over 1994 . These differences were due to
increase iIn moisture in the soil profile, as 1995 was wetter than
1994. This of course agrees with the fact that the actual rate of
transpiration of a canopy depends on the potential rate, dictated
by meteorological conditions, and on the availability of water in

the rooted soil profile (e.g.- Van Keulen et al, 1990). Some
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explanations are, however, needed for both seasons as to +M, H+M

and H-M behaviour, whether equal or different for both seasons.

Table 29. Water use efficiency long rains of 1995.

Treatment Total biomass  Transpiration Water use
yield an efficiency (ME)
t ha'l mm Kg ha"l ranl

C 5.3 130 41.5

+M 5.3 190 28

H-+M 5.8 160 36

H-H 5.0 165 30

G-M 3.4 150 23

.7.(d). Discussion.
Gregory (1989) showed that WUE can be increased via use of
fertilizer in millet in West Africa. It is therefore likely that it
is possible to raise the WUE of maize in Eastern Kenya, since no
fertilizer was used in this study. Sole maize was shown to be
better iIn WUE than the maize/senna or grass/maize systems (Tables
27 and 29), for understandable reasons of low WUE of Senna and

grass and, for the grass more than for Senna, strong competition

effects.

The best maize crop had a somewhat better WUE than the cowpea crop
although the latter had more rainfall than maize iIn this best case
(in tables 28 and 29 above respectively). It is worth noting here
again that runoff was influenced by the diseased cowpea while the
biomass figures were not. Increased runoff and decreased
transpiration (or increased soil evaporation) due to diseases may

lower the value of Tr in the water balance equation and lead tc
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increased WUE, which e-en was a possibility iIn the 94/95 se”jon.
Because of the use of sealed microlysimetres for estimating soil
evaporation (Es) in our study, It was expected that the values of
(Es) were possibly somewhat lower and this could lead to higher Tr
values and hence Ilower the values of WUE. WUE of monocropped
sorghum has been shown to be more than that of monocropped ccwpea
(Morris et al, 1990). They also observed that the WUE of sorghum
was influenced by the rainfall pattern. This is also confirmed in
this study, where the WUE for maize increased with increase Iin
rainfall amount (tables 27 and 29). In line with the results shown,
WUE is known to be higher in C4 plants than in C3 plants, and water
stress, particularly during grain filling stage, affects it (e.g
Angus et al, 1983). Also Fajemisin and Olaniyan (1976) indicated
that the C4 group of plants are known to be more efficient iIn water
utilisation than the C3 plants. They further noted that C4 plants
are generally less drought tolerant than C3 plants. C4 plants
normally have cells which are specialised to fix carbon dioxide at
higher rates and usually lower stomatal conductance (Gifford,
1974). This combination of higher rates of CO2and lower conductance
leads to a lower intercellular CO2 concentration in C4 than in C3
plants and thus a steeper C02 gradient from the air to the
intercellular spaces. As stomatal conductance controls water loss,
C4 plants lose less water per unit of CO2 fixed and thus have a
higher WUE based on either photosynthesis or dry matter
accumulation (Pearce and Ehleringer, 1984). The higher
concentration of CO2 in bundle sheath cells also allows C4 plants
to utilise N more efficiently in CO02 assimilation. For these
reasons, C4 plants are better than C3 plants iIn using water

efficiently as also confirmed in this study.
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Management practices such as soil erosion control, which minimise
water loss via runoff reduction and enhanced infiltration, may lead
to enhanced WUE by increasing the value of (Tr), when more water
indeed carries more nutrients. Despite the reduction in runoff by
the +M plot (section 4.3.1-4.3.3), WUE value remain low. Given our
visual observations, this could partly be due to suboptimal
temperatures and reaction of root and shoot growth induced by the
mulch, which may affect germination and final biomass yields.The
difference with H+M, that has comparatively low or even lower
temperatures must then be the addition of the hedge, influencing
biomass as well as water use. Mulches also harbour microbes which
can cause diseases to the crop and affect its performance, hence
lowering Tfinal biomass which may also affect (Tr). Our fields,
especially cowpea, showed that the Tfields with mulch had more
disease than non-diseased plots from observations. Mulching may
also i1nduce shallower roots of maize and cowpea, that later on
suffer from stress more. This would affect the performance of the
crop, especially in drier seasons. Given that the number of
measuring places for soil moisture was rather low, some biases of
the measuring places cannot be excluded. Not all the above factors
explain the higher (Tr) values in the two maize years, which cause

the low the low WUE values.

At the same time, the use of mulches and hedgerows in alley
cropping, which increases infiltration and reduces soil
evaporation, may also tilt the water balance equation towards (Tr)
end a decrease in WUE. Our H+M plot was quite effective in the
control of runoff (section 4.3.1-4.3.4) which was possibly used

effectively by the crop and tree to enhance (Tr), particularly for
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cowpea, and WUE. This available conserved moisture may have lowered
the competitiveness for moisture between the crop and Senna and
resulted in increase in biomass production and an increase in WUE.
There is also the possibility that the stressed plants near the
hedgerows compete less for moisture, nutrients and light in their
poor condition. This may Qlower WUE. The water nearer the
Senna/grass 1is better infiltrating but just that water may not
effectively be used by tree and grass and by shaded crops that also
have to fight for nutrients and this will affect WUE. In the H+M
plot the stress 1is more severe in the middle maize rows by the
Senna roots. The cowpea row near the hedgerow is more stressed than

the middle rows.

It is worth noting here that the error arising from the
determination of (Tr) values is as a result of errors accruing from
(i) the estimation of soil evaporation, (ii) runoff water and (iii)
from soil moisture determination by neutron probe may Tfinally
induce errors 1in the value of (Tr) and hence affect WUE. These

errors have been estimated as shown in the calculation example for

Tr in Table (xxx) appendix 4.11.
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4.8 Soil temperature.

4.8.1 Soil temperature calibration results

The results fTor the eleven resistance platinum thermometers are
presented by the eleven regression equations in table 30 below.
Table 30. Soil temperature calibration equations.

X = temperature of the platinum thermometer and Y ®m corrected

resistance platinum thermometer temperature after calibration.

Platinum Regression equation Regression
thermometers coefficient (r2)
1 Y =4.7 + 0.84 X 0.98
2 Y =2.67 + 0.90 X 1.0
3 Y = 3.59 + 0.88 X 1.0
4 Y =2.23 + 0.94 X 1.0
5 Y = 0.50 + 0.97 X 1.0
6 Y = 0.95 ¢ 0.93 X 0.99
7 Y = -0.27 + 0.96 X 1.0
8 Y = -0.66 + 0.97 X 1.0
9 Y = 0.47 + 0.95 X 0.99
10 Y =1.01 + 0.95 X 1.0
11 Y = 0.27 + 0.97 X 1.0

These equations show that there was a very high correlation between
the temperature of the sensors and the temperature of the

calibration chamber. The platinum resistance thermometers therefore
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accurately measured soil temperatures near 7.5cm depth, depending
on the accuracy of the placement of the thermometers, which is also
influenced by differences in slope. The estimated accuracy in

weekly average temperature is #0.5°C.

The results were obtained by averaging the hourly temperatures per
day and then taking these daily means for the week to get the
weekly mean near surface soil temperatures measured at 7.5 cm depth
for the short rains of 92/93, long rains of 1993, short rains of
93/94, 1long rains of 1994, short rains of 94/95 and the long rains

of 1995 are presented and discussed.

4.8.2 Weekly mean near surface soil temperatures,
short rains 1992/1993.

The results for the season are presented in table 31 and Tfigs.
4.123, 4.124 and 4.125. The results show that the mulch iIn the +M
plot had slightly modified the average soil temperatures, by less
than 1° C for the most part of the season as compared to the C plot
(Table 31 and fig. 4.123). On the other hand, the mulch and hedge
shade in the H+M plot had depressed the average soil temperatures
more than the mulch and crop shade in +M (CI'C plot and even more
(up to more than 2°C) compared to the C plot (fig. 4.123). This
temperature depression decreased as from HI+M, H2+M and H3+M
respectively (fig. 4.125). This was due to tree shading which

decreased with increasing distance to the centre of the alley.



As for H-M plot, there was more temperature depression by the
hedgerow shade (HI-M) (of >I1°C), compared to the crop and mulch
shadings in the C and +M plots (fig. 4.124). The oM plot had
depressed the soil temperatures by nearly the same degree as by the
crop and tree shade at H2-M (fig. 4.126). This was associated with
extended tree shade and increasing crop shade with the advancing
season. The H3-M had similar temperatures to the C plot but this
became higher towards crop maturity fig. (4.124). This could be
explained by the fact that the crop at H3-M shed its leaves and
dried earlier than that in the C plot where the crop had not shed

its leaves and was still providing some shade.

In the G-M plot, there was more temperature depression (of up to
>2°C) in the GI-M compared to the C plot while there was a clear cut
temperature increase (apart from week 1) in G2-M and G3-M
respectively fig. (@4.125). This was due to a decrease in grass
shading away from the grass strip. The temperatures at G3-M

compared generally well with those in the C plot as the two had

only crop shading.

On the whole, however, seasonally averaged as well as weekly the
shading by the grass strip in the G-M plot at GI-M was equally most
effective in temperature depression as compared to the shading by
both the mulch and tree in the H+M plot at HI+M. Also on average
for the three measuring points in G-M and H+M this appears true. It

shows that mulch has indeed only a small influence. This was
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followed by G2-M, HI-M and H2-M even before oM. This trend is clear

from the seasonal soil temperature means in Table 3l1.

Table 31. Near ourface average noil temperatures abort ralna 92/93.

WBBK c Y H1*M H2 *M H3*H HI -M  H2-H K3-M ol-M 02 -N 03-N
1 19.S 19.5 19.0 19.3 19.3 19.3 19.3 19.3 19.1 19.0
2 22.2 21.7 20.8 21.5 22.0 20.7 31.7 23.0 20.9 21.3 21.7
3 21.3 21.0 20.0 20.6 21.1 20.7 20.9 21.0 20.0 30.3 21.0
4 22.6 22.5 20.7 22.0 23.0 21.6 22.4 23.1 20.5 23.0 23.5
S 23.0 22.6 20.6 21.8 22.8 21.5 23.0 23.3 20.5 21.8 33.5
6 20.9 20.7 19.5 19.9 20.5 19.7 20.1 21.3 19.3 19.4 20.9
7 20 .a 20.7 19 a 20.5 20.6 20.3 21.0 21.5 19.6 19.9 21.8
8 21.1 20.1 19.3 20.3 20.8 20.3 20.6 20.9 19.3 19.4 21.3
9 21.2 20.8 19.5 20.9 21.3 21.0 21.6 21.7 19.6 20.0 22.6
10 20.9 20.5 19.0 20.7 21.3 20.9 21.0 21.3 19.0 21.3 21.3
mean 21.3 21.0 19.8 20.7 21.3 20.6 21.2 21.5 19.8 20.3 21.5
C - Control +M - Mulch HI+M > In  (H»M) H2+N ® Im from (H-M)
H3-H m 2m from (H-M) 01-M - In (O-M) 02-M m Im from (0-M) 03-N ® 2m from (O-M)



TEMPERATURE DEGREES CELCIUS

) soil temperature temperatures
Fig.4.123 : ﬁgﬁ;nsgtrf‘;‘cg 2;1"5;:8% in the C,+M, HI+M, H2+M and

H3+M positions. Short rains of 92/93.
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WEEKS AFTER SOWING

X 2m from (H-M}
Muled in CH-M) A 1Im from CH M)

Control +

Fig. 4.124. Near sxirfaoce average iioil ~ mPe” tu™ sMtake
positions”Shortrains™of W/M.

347



FE«IPENANIEE GOEONEES OSISWSD

WEEKS AFTER SOWING
Control + Mulch 0 In CG-M) A Im from CG-M) X 2m from CCO*M)

Fig.4.125. Near surface average soil temperatures taken at 7.5
cm depth in C, +M, GI-M, G2-M and 03-M
positions. Short rains of 92/93.



4.8.3 Weekly mean near surface soil temperature*, long rains

1993.

The results for the whole season are shown in table 32 and fFigs.
4.126-4.128. The results show that the mulch and crop shade in the
oM plot had depressed surface soil temperatures throughout the
season more than the crop shade in the C plot, with 0.65°C as the
seasonal average (Table 32 and fig. 126). The soil temperatures in
the HI+M position were even further depressed compared to those in
C plot, by almost 3°C on the average (fig. 126) . This was because
of the combined tree/crop and mulch shades in the HI+M position.
The temperature depression at H2+M was higher than in the H3+M
because of decreased tree shading, which appear to affect mainly
the crop row next to the hedgerow. The temperature depression at
H2+M was rather similar to that in the +M plot as the crop in the
former was poorer than 1in the latter. The soil temperature
depression in the H3+M was similar to that in the C plot as there
was a Ffar better crop in the C plot compared to the poor miserable

crop at the H3+M position.

As for the H-M plot, a pattern of decreasing temperature depression
from HI-M to H3-M was noted, due to decreasing shade to the centre
of the alley fig. (4 .127). As compared to the C plot, the H2-M had
more depressed soil temperatures, partly due to hedgerow shading,
while the temperatures at H3-M more closely compares with those in

the C plot. The C plot had healthier plants, providing better
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shading, than those poor stressed plants at H3-M, providing poor
shading. This stress was partly due to the competition Cor mostly

moisture between the tree/crop component roots in the H-M plot.

In the G-M plot, there was a similar temperature depression to that
in the H-M plot, decreasing from GI-M to G2-M and G3-M
respectively. This was because of decreasing shade by the grass
towards the centre of the alley Tig. (4.128). The temperature
depression by the crop and grass shading at G2-M was higher than at
the C plot and almost identical to that of the +M plot, while the
temperature depression at G3-M was slightly higher than that at C,

but this remained within the accuracy limits.

Generally although the crop was very poor during the season, the
combination of mulch and hedge shade had the greatest average soil
temperature depression, of near 3°C, compared to the C plot. This
was Ffollowed by grass shade in the G-M plot and hedge shade in the
H-M plot, with average temperature depressions for GI-M of 2.9°C and
for HI-M of 1.9°C compared to the C plot respectively. The crop and
mulch shade in the +M plot had depressed temperatures least, by
0.6°C compared to the C plot, but H2+M, H2-M and G2-M were not

different from +M, within the accuracy limits.
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a 25.5 21
a 25.9 21
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2 24.6 23.
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6 25.1 24
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8 25.7
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o 25.9
a 25.0
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6 26.0
5 26.2
3 24.1
5 23.9
8 24.0
2 23.3
8 22.6
5 22.7
7 24.6
HI+M - In

(H-H)

(G-M)

(H*M)

K3*«

ai-a
25.4 24.3
25.3 33.6
25.9 33.1
25.5 33.4
24.9 33.6
26.0 26.3
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26.0 26.6
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a 2a froa
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TEMPERATURE CDEGREES CELSIUS)

21
0 Joob b b e e R
1 2 3 4 5 6 7 0 9 10 11 12 13 14 15 16
WEEKS AFTER SOWING
0O  Control + Mulch 0 In CH*M) & Im from CH*W) X 2m from (H**0

Fig.4.126. Near surface average soil temperatures taken at 7.5
cm depth in C, 4M, H14-M, H2+M and H34-M
positions. Long rains of 1993.
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TEMPERATURE CDEGREES CELSIUS)

WEEKS AFTER SOWING

X 2m from C*-*0
+  Mulch 0 m CH->0 A 1m from CH-M) rom

O Control

soil temperatures taken at /-9 CM

Fig-4-127- Near surface average h2-M and H3-M pOSitiOI’lS- Long

depth in C, HI-M ~
rains of 1993.
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TEMPERATURE DEGREES CCELSIUS)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
WEEKS AFTER SOWING
0O Control +  Mulch O In CG-M} A 1« from CG-&0 * from C&-*0

Fig.4.128. Near surface average soil temperatures taken at 7.5
cm depth in C, +M, GI-M, G2-M and G3-M positions.
Long rains of 1993.
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4.8.4 Weekly mean near surface soil temperatures, short rains

93/94.

The results for the season are shown in Table 33 and figs.(4.129-
4.131) . Table 33 and fTig. (4.129) show that there was a clear cut
decrease in soil temperatures, of up to more than 3°C, by the hedge
and mullch 1n the H+M plot as compared to the C plot. There was an
increase in soil temperatures as from HI+M to H2+M and (smaller)
H3+M respectively, due to reduced hedge shading in the direction of
the centre of the alley. The mulch in the +M plot depressed

temperatures by an average of 1.3°C compared to C plot.

In the H-M plot, the weekly average temperature depression by the
hedge (HI-M) as compared to the C plot was up to 2.5°C while the
seasonal average was about 2°C, with a decrease in temperature
depression towards the centre of the alley where shading was only
by the crop alone Tig. (4.130). The same trend of temperature
depression as in the H-M plot occurred in the G-M plot (Fig.
(4.131); Table 33). The weekly average temperature depression by
the grass strip (@at GI-M) as compared to the C plot was up to
almost 4°C, and the seasonal average was 3C. There was Turther
again a marked temperature increase towards the centre of the alley
due to decreased grass shading from the grass strip. Although there
were temperature variations found within and between treatments,
the seasonal soil temperatures (Table 33) show clearly that the

mulch and hedge shade iIn the H+M treatment was the strongest in
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terms of temperature reduction. The grass shade in the G-M plot was
the second, hedge shade in the H-M plot was third and mulch in the
oM plot among the last iIn their effectiveness for soil temperature

reduction respectively.

Table 33. Weekly mean near surface soil temperatures short rains

1993/94.
WKKX c +M HI *M H2>H  H3M  HIM H2 M HI H Ol-H 02 M  <3Hi
1 24.5 24.2 23.9 24.1 24.7 24.4 25.6 35.= 24.0 36.4 25.6
2 23.1 22.1 22.1 21.4 22.9 20.9 22.6 23.0 21.6 31.9 22.4
1 23.1 22.2 20.9 22.5 22.6 20.9 22.4 22.4 21.2 21.0 22.3
4 24.0 22.8 21.0 23.4 23.7 22.4 22.5 23.0 21.4 23.1 24.0
S 25.a 24.3 21.7 24.3 24.3 23.3 24.0 25.5 22.0 26.0 25.7
4 25.6 24.4 21.a 24.2 24.3 23.6 23.a 25.4 21.0 24.3 26.0
7 24.1 23.2 20.8 23.5 23.7 22.5 23.4 24.3 20.4 22.6 23.6
- 26.2 25.0 22.0 24.3 24.4 24.6 25.2 26.3 23.3 24.6 26.6
9 26.4 25.1 22.3 24. a 24. a 24.8 25.6 26.5 22.6 25.0 26.9
maan 25.0 23.7 21.7 23.7 24.1 23.1 23.9 24.0 22.0 23.0 24.5
C - Control +H - Mulch HItM m In <H*H) H2*H - 1B froa (H«N) tO*M m 2a froa (ll«M)
HI H - In (H-H) H2-H m 1b CroB (H-M) H3 M = 20 fro* (H-H) Ol M= In (0O M) 02 M » la froa (OH)

03-H m 20 Inn (G-H)
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WEEKS AFTER SOWING
Control +  Mulch o In CH*M) & m» from CH*M) X 2m from CH*Q

Fig.4.129. Near surface average soil temperatures taken at 7.5
cm depth in C, +V, HI+M, H2+m and H3+M at positions.
Short rains of 93/94.
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TEMPERATURE CDEGREES CELSIUS)

Fig.4.130. Near surface average soil temperatures taken at 7.5
cm depth in C, +M, HI-M, H2-M and H3-M positions.
Short rains of 93/94.



TEMPERATURE CDEGREES CELSIUS)

Fig-4.131. Near surface average soil temperatures taken at 7.5
cm depth in C, M, GI-M, 02-M and 03-M
positions. Short rains of 93/94.
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4.8.5 Weekly mean near surface soil tentperatures, long rains
1994.

During this season, the results from the C, oM, H™M and H-M plots

are presented and discussed for no results from the G-M plot were

given as the platinum resistance thermometers were not in working

condition for there were problems arising from suspected electrical

faults in the wires connecting them to the data logger.

The results are shown in table 34 and figs. (4.132 and 4.133). A
comparison between the C and +M plots shows that the mulch and crop
shade in the latter plot depressed soil temperatures more than the
shade by the crop in the C plot, by up to in the order of 1°C and
0.6°C on average (Table 34 and fig. 4.132). The soil temperature at
HI+M was more depressed than at the +M and C plots throughout the
season by up till 3°C and 4°C respectively (with seasonal averages
of 1.9°C and 2.5°C) . This was because of the combined effect of the
tree shade and mulch at the hedgerow plot (HI+M) . The other results

were as expected within these ranges.
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Tmblm 14. Weekly aaan im v ourf*c« iwper.iur.i Cor Uv. 1%44

MBBK c oM HI+M H3 «M HI »M MI m M M
1 26. S 25.6 23.9 24.3 24.6
2 27.7 26.9 24.7 25.5 26.6
3 26.0 25.5 23.1 24.2 25.0
4 23.7 23.2 21.2 22.0 23.4
5 24.2 23.1 20.8 22.1 23.9
6 2S.0 23.9 21.0 23.4 24.4
7 22.8 22.3 20.2 21.6 22.3
8 21.3 20.8 19.2 20.7 21.1
9 21.7 21.1 18.9 20.9 22.0
10 21.4 21.0 19.2 20.0 22.1
11 21.2 20.9 19.4 20.5 21.5
12 21.7 21.2 19.6 20.5 21.0
13 21.9 21.4 19.7 20.7 22.0
14 21.0 20.6 19.2 19.0 20.6
1S 21.5 21.0 19.3 20.3 21.S
16 20.S 20.4 19.2 19.0 20.0
tan 23.0 22.4 20.5 21.7 22.0 21.1 2«
Control +M m Mulch HI+M m In  (H+M)  K2+N m la (H+M)
2m froB (H+M) HI-M - In (H-H) H2-N - la

K3-N - 2m frcw (H-N)
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TEMPERATURE DEGREES CColslut)

Fig.4.132. Near surface average soil temperatures taken at 7.5
cm in C, HI+M, H2+M and H3+M positions. Long rains

of 1994.
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Fig-4.133. Near surface average soil temperatures taken at 7.5
cin depth in C, M, HI-M, H2-M and H3-M positions.
Long rains of 1994.



4 8.6 Weekly mean near surface soil temperatures, short rains
94/95.

Table 35 and figs. (4.134 and 4.135) show the results for the short
rains 94/95. They show that the mulch and crop shade in the oM plot
had as 1In previous seasons depressed the temperatures more than the
crop shade in the C plot by <1°C, due to the mulch effect. The HI+M
depressed soil temperatures more than the mulch in the +M plot, by
between 1 and 2°C more, so by up to 2.4°C as compared to the C plot
(for week 12) . This was because of the hedge shade and the mulch as
compared to the C plot (Table 35 & fig. 4.134). The other results

in the H-M plot in fig. (4.135 were) as expected from this picture.

Table 35 Meekly aean near ourfeea moil twyirrtur— 94/95 rain Mai

WBKK c +M HI+M H2+M K3«M Ml M H2 M IC3-N
1 24.6 23.9 23.1 23.7 24.5 23.7 24.2 24.9
2 25.6 24.9 23.7 24.4 25.2 23.7 24.2 24.9
3 26.8 26.1 24.7 25.2 26.0 24.4 24.9 28.8
4 27.3 26.8 24.8 25.2 25.8 21.7 24.0 27.0
s 24.4 23.7 22.6 23.1 24.6 22.6 22.9 23.4
6 23.3 22.9 22.5 22.7 23.0 22.6 22.9 33.3
7 24.5 24.0 23.9 24.1 24.6 24.0 28.2 28.0
8 20.9 20.5 19.0 19.3 20.0 20.3 20.9 21.0
9 21.3 20.7 19.4 20.0 20.8 20.2 21.2 22.4
10 20.6 20.4 19.3 19.4 19.9 20.1 20.3 20.9
11 21.9 21.6 19.7 20.2 20.6 21.2 21.4 21.7
12 22.8 22.2 20.1 20.4 21.0 22.0 22.3

23.6 23.1 21.9 22.3 23.0 23.0 23.7
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Fi1g-4.134. Near surface average soil temperatures taken at 7
cm depth in C, +M, HI+M, H2+M and H3+M
positions. Short rains of 94/95.
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CELSIUS

Fig.4.135.

Near surface average soil temperatures taken at 7.5
cm depth in C, +M, HI-M, H2-M and H3-M
positions. Short rains of 94/95.



4 g.7 Weekly mean near surface soil temperature*# Ilong rains

1995.

The results in Table 36 and figs. (4.136 and 4.137) show that the
crop and mulch shade in the +M plot had depressed temperatures mor"
by the crop shade in the C plot by >1°C on the average, as ear. ier
seen in 1994 long rains. The hedge and mulch shade at the HI+M, as
also explained before, had depressed soil temperatures more than
the crop shade in C and the crop and mulch shade in the +V plots,
by almost 3°C and 1.5°C on the average respectively. There was, as
usual, more temperature depression at H2+M than at H3*M, as at H2-M
than at H3-M, due to a decreasing hedge shade effect away from

hedgerow (Table 36 and fig. 4.136). All other results were as

expected from earlier seasons.
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Table 36.

Meek

12

13

14

16

17

19

20

C

2S.

2S.

24.

24.

23.

22.

22.

22.

23.

23.

23.

22.

23.

22.

22.

22.

23.

22.

22.

22.

23.

Moakly mMil

o™
1 24.9
6 24.2
S 24.0
0 22.3
2 21.1
9 21.6
9 20.9
8 21.7
7 22.0
S 22.5
0 22.4
9 21.2
0 21.7
9 21.6
7 21.0
8 21.3
2 21.4
8 21.2
8 21.0
5 21.1
4 21.9

near

eurface moil

HI»N

22.0

22.3

22.1

21.1

20.S

20.0

19.7

20.2

20.1

21.0

20.9

20.1

20.S

20.9

20.5

20.0

19.6

19.8

19.5

19.4

20.5

H2»«

23.9

23.4

23.4

22.2

21.0

21.0

20.8

21.6

21.9

22.3

22.2

21.0

21.4

21.3

21.1

21.0

20.4

20.0

20.1

20.1

21.5

34.4
24.8
23.4
23.0
21.0
22.8
21.8
21.8
22.0
22.6
22.3
22.1
21.7
21.4
21.3
21.0
21.3
21.0
20.5

20.8

22.0
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22.

23.

21.

21.

20.

20.

20.

20.

20.

21.

21.

20.

20.

21.

20.

20.

20.

19.

19.

19.

20.

S

—hl
M2 a
34.4
34.0
24.0
22.6
22.0
22.0
22.4
22.7
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TEMPERATURE COEGBeES CELSIUS)

) 136 Near surface average soil temperatures taken at 7.
FIg- 136«  depth in C, +M, HI+M, H2Hl and H3+M
positions. Long rains of 199b.
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positions. Long rains of 1995.

4.8.8 Conclusion.

This section on soil temperature has shown that weekly average

temperatures at 7.5 cm depth remain below 28°C and above 18»C. For
germination the lowest temperatures may therefore be sub-optimal.

) , , arin-nat-ion under mulch as well as in places
negatively influencing germin -

N

) ; arass strips and under combination of
heavily shaded by the 9r .

hedgerow shade and- mulch %%H W”l'f and Derksen, 1966) . Such

Wi j

examples will be discussed in 288%!82 4-10, when talking about

final yields.
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4.9 Windspeed and direction results and discussions.

The results for the mean windspeed per hour for the short rams
92/93, -ong rains 1993 and short rams 1993/94 are presented in
figures 4.138-4.142.

rig. 4.138 shows that in Nov./Dec. 1992 the downslope sensor, with
a mean hourly speed of 2.3 & 0.8, had recorded slightly higher
windspeed than the upslope sensor with a mean of 2.1 *= 0.4 on the
average. Differences were largest between 11.00 and 16.00hr. These
windspeeds were rather low and therefore not likely to cause damage
to the growing crop in the plots, as the maximum mean windspeed as
recorded by the downslope sensor was about 3.5 m s". A difference
in evaporation due to the observed differences in windspeed between

06 and 1800hr must also be very small.

371



Tim® m noir ft
0O  <IdDft s@nor @ Downs loo® t*n*0»

Fig. 4.138. Comparison of upslope and downslope diurnal
windspeed on a steep slope, Nove./Dec.1992.

Fig. 4.139 shows negligible windspeed differences between the
positions for the period Dec. 1992/Jan. 1993. These mean windspeeds
were 1.9+ 0.8 and 1.8+ 0.6 respectively and the maximum windspeed
of 3.2 m s"1was still too low to cause damage to the surrounding

crop, while evaporation differences were negligible.

pig.4.140 shows that for March/April 1993 the downslope sensor had

recorded somewhat higher mean windspeed than upslope sensor,

372



O Uosiop* sensor [ Downs lop# sensor

Fig. 4.139. Comparison of upslope and downslope diurnal
windspeed on a steep slope, Dec."92/Jan."93.

of on average 2.7 £ 0.7 and 2.1 + 0.7 m s" respectively. Early
morning differences were smallest. Such differences will have

overall little consequences.

4.141 for April/May, 1993, also shows that the mean windspeeds
recorded by the downslope sensor were slightly higher than those
recorded by the upslope sensor and these were on average 2.5 +0.6

and 2.0 *0.7m/s respectively. Differences were small from 9.00-
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Comparison of upslope and downslope diurnal

Fig. 4.140.
windspeed on a steep slope, March/April 1993.

13.00hr.

During May/June, TFig. 4.142, the windspeeds recorded were 2.4 + 0.7

0.6 fTor the downslope and upslope sensors respectively,

throughout the day.

and 1.9 =+

with an overall almost similar difference,

In fig. 4.143, the tendency of having slightly higher downslope

than upslope mean hourly windspeeds was portrayed for some parts of
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Fig. 4.141. Comparison of upslope and downslope diurnal
windspeed on a steep slope, April/May 1993.

the day. The mean hourly windspeeds were recorded on average

as 3.2 + 0.7 and 2.7 + 0.6m/s for downslope and upslope sensors
respectively. Although the maximum hourly windspeed recorded was up
to 5n/s, this was still too low to cause damage to crops. For large

parts of the day the differences remained negligible.

Fig. 4.144 shows that for Nov./Dec. 1993 the hourly mean

windspeeds for the downslope and upslope sensors were 2.7 + 0.7
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Fig. 4.142. Comparison of upslope and downslope diurnal
windspeed on a steep slope, May/June 1993.

and 2.0 £ 0.7 respectively, with the downslope sensor again showing
higher windspeeds than the upslope sensor, rather equally

distributed over the day. The highest recorded windspeed for the

period was now 4 ms 1.
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Fig. 4.143. Comparison of upslope and downslope diurnal
windspeed on a steep slope, Oct./Nov. 1993.
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Fig. 4.144. Comparison of upslope and downslope diurnal
windspeed on a steep slope, Nov./Dec. 1993.

378



4.9.1 Discussion.

It should be noted here that the winds were predominantly blowing
from the east. Any major changes in windspeed were occurring when

there were changes in wind direction.

The importance of checking on possible appreciable differences in
windspeeds on varying slope steepness is their possible influence
on crop yields, through mechanical damage as well as desiccation.
This is based on the fact that strong winds can cause serious
physical damage to crops, particularly on the on the unprotected
windward sides of famms, but also increase evaporation,
particularly when dry. Studying strong damaging winds, or blown
material such as sand, can lead to planning for establishment of
protective devices in order to reduce the expected risks on crops.
These devices may include belts or other grown windbreaks
(including scattered trees) which are traditionally well known
everywhere to provide shelter for crops, animals and human
dwellings (Stigter, 1985b). From a world wide questionnaire,
Stigter (1986) noted that wind protection was the most widely known
form of traditional techniques of microclimatic modification. In
agroforestry, the tree components inter alia act as protective
barriers against strong winds when used under parkland conditions,
as forest strips, or as shelter belts near growing food crops
(Stigter, 1985) . However, in our case the results for the three

seasons show that the windspeeds were small and differences between
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upsiope and acwnsiope negligible. They were not likely to pose any
damage no the surrounding crops and hedges, nor to the soil, while

influence on evaporation must also have been rather similar over

the sloping land.



4.10. Grain and biomass yield result*.

The results for the long rains 1993, the short rains 93/94, the
long rains 1994, the short rains 1994/95 and finally the results
for the long rains 1995 are presented and discussed on both per row
and per hectare basis. Since the short rains of 92/93 were a
familiarisation trial season, the yield results for this season

will be discussed only on a per hectare basis.

4.10.1. Cowpea yield results, short rains 1992/93.

Table 37. shows the grain and biomass yield in kgs per hectare for
the 92/93 season. Because representativety of data may be estimated
at £t0.2 t ha"l, there were insignificant differences in grain yields
between +M and H+M and between H-m and +mM. The difference between
H+M and H-M 1is possibly due to enhanced reduction in soil and
nutrient loss resulting from the combination of mulch and hedgerow
erosion control effects. The 6-m had the lowest grain and biomass
yield/hectare, because of the severity of competition between
cowpea and grass lateral roots, also already when compared to the
grain yields in the H-M plot with cowpea/senna root competition.
The low grain yields in the C plot may have been due to iIncreased
runoff and 1increased (accumulated) nutrient 1loss through this
runoff as compared to other plots, with erosion control measures.
The C plot was observed to have rather more vegetative growth than
the pods after all filling from, suggesting that plant assimilates
went to the build up of vegetation that could not be mobilised for

grain formations. This is seen in the high biomass yields and low
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grain in Table 37 and is responsible for the low H. I in the C plot
compared to the other plots. In a comparison with the 93/94 season
we will Ilater on suggest that the far above average rainfall for
this season (662mm) and below 2 t ha 1lmulch are responsible for the
differences observed. Whether the fertility status of the soil
plays a role, via nutrients taken out iIn the previous season,
availability of nitrogen, influenced not only by the normal balance
but also by previous cowpeas, via nitrogen fixing and availability,
itselt determined by soil conditions ( Norman et al., 1995) will
remain unknwon until the soil fertility status is quantified in

experiments like ours as well.

Table 37. Cowpea yields (t halD short rains 92/93 .

Grain Biomass Harvest

Treatment Index V)
C 0.32 3.9 8.3

+M 0.43 2.3 18.3

H+M 0.46 3.2 14.4

H-M 0.39 2.2 17.7

G-M 0.30 2.1 14.4
mean 0.38 2.7 14.6
std(+) 0.06 0.8 3.6

cv %) 16 25 24
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4.10.2 Maize yield results, long rains 1993.

The results in mean grain/biomass per row in kg in Pig. (4.145)
show that the mean yields per row were higher in the C plot than in
the +M plot. This was because there was observed suppressed
germination in the sSenna mulched (#M) plot, possibly as a result of
mulch trapping light rainfall experienced in March 1993 before
reaching the soil and causing temporary moisture shortage for the
germinating seed. This 1is confirmed by the soil moisture pictures
(Fig. 4.40 and Fig. 4.41), which are for example different from

that of the previous year (Fig. 4.30 and Fig. 4.31)

LDOO
=

Treatrent
jffjg) Q-am yi.ld/ro. IN\\*] 6io«»« yl.'a/rn.

Fig 4 145 comparison of maize grain/biomass yield/row in C,
+M and H+M plots, for the long rains 1993.



The high cover may also have intercepted much light. Pigure 4.145
and figure 4.146 also show that the grain and biomass yields per
row in the H+M and H-M plots were appreciably lower than those In
the C and +M plots respectively. This has to be attributed to the
(for H+M additional) root competition of the Senna trees and the

maize plants for nutrients and water in the H+M and H-M plots.

Tretm*nt
Oram yi»id/»0» Biow»« yi«td/ro«

Fig.4.146. Comparison of maize grain/biomass yield per row
in C, +M and H-M plots for the long rains 1993
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The yields in the middle rows of maize were more depressed

compared to the rows near the hedgerows in both the H*M and H-M
plots figs (4. 145) and (4.146). This was partly because the rows
of maize near the hedgerows had more moisture accumulated and had
less soil eroded and even soil nutrients deposited at the hedgerow
barrier. Those 1in the middle were somewhat more affected by
Senna/maize root competition particularly at shallow soil depths
where most of the smaller roots for nutrient uptake occur (e.g

Mungai, 1991 and Mungai et al. 1996b). On the other hand, 11t is *

Tr*®tn»nt

Na-ain yi«id/ro*

Fig.4 147 Comparison of maize grain/biomass per row in C,
+M and G-M plots for the long rains 1993.
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also near the hedgerows where near soil surface temperatures were
more depressed by shade and this could have influenced the

development of the crop near the hedgerows differently.

The mean grain/biomass yields per row in the G-M plot, in figure
(4.147), show that the yields were much more depressed near the
grass strip compared to those in the middle rows. This was because
of the competition for water and nutrients between the Ilateral
grass and maize roots and possibly the effect of shading. The
yields per row in the middle rows of maize iIn the G-M plot were
higher compared to the mean yields per row in the H+M and H-M
plots, but less than the mean yields per row in C and eM plots
respectively. This was due to the absence of competition for growth
resources in the C and +M plots and a strong reduction of

competition in the very middle of the grass plots.

On grain yield per hectare basis, the order of yield performance
was C >+M >G-M >H-M >H+M (Table 38) . This clearly showed that due
to the severe moisture stress, the plots with sole maize performed
much better than the alley cropped Senna/grass plots. The overall
harvest index (H.I) in table 38 was also very low, again due to the
severe moisture stress iIn the season, and the differences of the
Senna hedgerow plots with the other plots were also higher. In
normal maize seasons, the H.l1 for maize is around 50% (e.g. Howard
st al. (1995) and sections 4.10.4 and 4.10.6 in this thesis) . The

low H.1 for this season, with 108 mm, rainfall shows (table 38)
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that most of the plant assimilates that could be taken up went to
the build up of the low vegetative maize biomass. The maize was
already stressed at tasselling time and hence the formation of few
very tiny grains. OF course means etc. do not have much meaning

here anymore, when differences are that large.

Table 38. Maize yields (t hal) Long rains 1993.

Treatment Grain Biomass H.1
C 0.48 2.5 18.8
+M 0.32 1.7 19.2
H+M 0.032 0.48 6.7
H-M 0.042 0.44 9.5
G-M 0.12 0.63 19.6
Mean 0.20 1.15 14.8
std (@ 0.17 0.82 5.5
v ) 87 71 37

4.10.3 Cowpea yield results, short rains 93/94.
Because of cowpea infection by Fusarium and Pseudomonas during the
growth period, harvesting was done in complete cowpea rows in areas

and in the alleys which were not damaged by the disease, while

retaining the sampling procedure.

Figure 4.148 shows that both the mean grain and biomass yield per

row were higher in the C and +M plots than in the H+M, H-M and G M
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Fig.4.148. Comparison of cowpea grain/biomass yield per row
in C, +M and H+M plots for the short rains 93/94 .

plots respectively. The mean grain and biomass yields per row were
higher in +M than in the C plot Fig. (4.148). This may possibly be
attributed to some conserved moisture and reduced soil loss iIn +M
as compared to more loss of nutrients and water in the C plot. The
effect is opposite to what was found in the 92/93 season, possibly
due to use of a new cowpea variety, within average rainfall (288.5
mm), within range of optimal (2.4 t hal) mulch rate, which resulted

in low erosion losses (less than the T value of 5 t ha*l) as well as
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Fig.4.149. Comparison of cowpea grain/biomass yield per row
in ¢, +M and H-M plots for the short rains of
93/94 .

low runoff. The season 1992/93 had far above average rainfall (662
mm) while the mulch rate was below 2 t halwhich may have favoured
soil loss and runoff, resulting in nutrient losses and consequently
reducing the cowpea yields. The cowpea rows in the middle of the-
alley in H+M (Fig. 4.148), H-M (fig 4.149) and G-M (Fig- 4.150) had
better yields than the rows near the contour hedgerows and grass

strip respectively. In the H+M and H-M plots figs. (4.148 and
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Fig.4.150. Comparison of cowpea grain/biomass yield per row
in C, +M and G-M plots for the short rains 93/94.

4.149) , the yield differences are as a result of shading of the
cowpea plants by the Senna trees and of moisture accumulation of
hedgerows which did not seem to sufficiently favour cowpea growth
and development to compensate for nutrient and water compet if ion
and the shading. In the G-M plot, the yields were depressed near
the grass strip and quite improved in most middle rows (fig.
4.150) . This was as a result of diminishing competition for water

and nutrients by the grass and cowpea roots, which was less

390



pronounced in most middle rows, as well as diminishing shading by

the grass canopy.-

Table 39. Cowpea yields (t hal short rains 1993/94.

Treatment grain Biomass H.X
C 0.56 2.9 19.6
+M 0.65 3.4 18.9
H+M 0.39 1.4 28.4
H-M 0.36 1.1 32.6
G-M 0.30 1.3 23.4
avg 0.45 2.0 24.6
Std 0.13 0.95 5.2
cv W 29 47 21

As for the grain/biomass yields per hectare, the grain yields
arranged in a descending order gave +M >C >H+M *H-M >G-M plots
respectively (Table 39). The differences between the seasons 92/93
(Table 37) and 93794 (Table 39) must in Ffirst instance be due to
better water relations iIn 93/94 because 1992/93 was an extremely
wet year Tor cowpea. This apparently particularly fTavoured Ilow
quality biomass growth in the wetter year, 1992/93, contributing to
low h .1. The mulched plot, however, benefitted most in the driest
of these seasons (@993/94), in grain as well as in biomass yields.
For grain this also applies to the control that almost doubled the
1992793 vyields. Partly, however, as already said, more nutrient

loss through soil erosion, which was more in 92/93 than in 93/94,
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may have been involved and the cowpea variety difference. The
biomass yields per hectare were in the same descending order, apart
from not very different tail values for G-M and for H-M plots
changing place respectively (Table. 39). The harvest index for the
five plots showed that compared to maize they were low, ranging
from 18.9 i1n the +M plot (same order of magnitude as in 1992/93) to
32.6 in the G-M plot (appreciably higher than in 1992/93, which is
true for all plots other than +M (Table. 39). These Ilower values
for cowpea were expected, as the harvest index for legumes are low
(e.g Jain, 1975) . The difference between the seasons in H.l are due
the earlier mentioned factors. This distribution is economically
not very iImportant because the cowpea is grown both for grain and
for leaves, that are used as vegetable In eastern semi-arid Kenya

(Shakoor et al . 1984).

4.10.4. Maize yield results, long rains 1994.

The results in (fig. 4.151) for the mean grain/biomass yield in kg
per row show that the C plot had similar yields per row as the +M
plot (with a yield difference of less than 5%) . The mean yields per
row were lower in the H+M than in the C and +M plots (fig. 4.151) .
This was due to competition for moisture, light and nutrients
between the senna trees and maize plants in the H+M plot. A closer
look at the mean yields per row in the H+M shows that theie weie
again, as in 1993, yield depressions in the middle rows compared to
the outer rows near the hedgerows (fig 4.151) . This was expected as

the runoff water from the alleys collects and infiltrates beneath

392



C «wM HI*M m2*M H1*M H4*M

Tr**tm*nt
n GrAin yi*ld/ro» [p~I yl«ld/ro«

Fig-4.151 Comparison of maize grain/biomass yield
per row in C, +M and H+M, for the long
rains of 1994.

the hedgerow, resulting In more moisture and some soil deposit xon
beneath the alley which in turn benefits the maize rows Oili.e to
it. The yield depression in the middle rows may also have been due
to increased senna/maize competition for nutrients, and moisture
and perhaps a temperature component is somewhere involved (Mungai,
1992) . The yield depression in the middle rows was also found in
the H-M plot (fig 4.152), obviously for similar reasons as
explained for the H+M plot, all in line with the results in 1993.
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Fig. 4.152. Comparison of maize grain/biomass yield
per row in C, +M and H-M plots, for the
long rains of 1994.

The yields per row were however appreciably lower in the H M plot
than iIn the H+M plot (fig.4.151 and 4.152) due to the effects of
the mulching, conserving more water and possibly due to some
release of nutrients by the decomposing mullch to benefit the maize

crop.

In the G-M plot, however, the yield depression was at the rows

close to the grass strip barrier (fig. 4.153), while the rows in
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Fig.4.153. Comparison of maize grain/biomass yield
per row in C, +M and G-M plots, Tfor the
long rains of 1994.

the middle of the grass alley had rather high yields. This was
because of severe competition for moisture and nutrients between
the lateral grass roots and the maize roots, which were apparently
appreciably less in the middle maize rows. Additionally, the grass
shade may also have affected the yields through competition fo:
light. The yields per row in the middle rows of maize iIn the G-M
plot were higher than the yields per row in at least the middle
rowss of the H+M plot and even much more in the H M plo
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respectively. Grain yields in the middle of the grass plots are
higher than any yield/row in the H™ and H-M plots. This must be
attributed to the severity of competition, being more iIn the hedged
plots than 1in the middle of the grassed plot, and it does
compensate for the serious losses iIn the rows near the grass
strips. The better results in 1994 compared to 1993 are due to the
major moisture constraints at the critical tasselling and grain
filling stages in the 1993 rainy season, resulting from very low

rainfall.

Table 40. Maize yields (t ha”) long rains 1994.

Treatment grain Biomass H.-1

C 1.8 4.0 45.4
+M 1.8 3.8 45.8
H+M 1.1 2.6 42.8
H-M 0.63 1.4 441
G-M 0.79 1.6 49.4
avg 1.22 2.7 45.5
Std(+) 0.49 1.09 2.
cv (D 40.16 40.5 4.

Table 40 shows the mean grain/biomass yiold:> in t ha tor all the
five plots. The results show that the C and +M plots had higher
yields than the other plots and these decreased in the order C m *M
>H+m >g-m = H-M respectively. Compared to 1993, particularly H*M

has a very different position and all yields are very much higher.
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This must be due to the higher amounts of rainfall (242.4 mm) 1in
1994 than the low amounts (108.5 mm) in 1993. The high H*M results
must have been due to the mulch effects resulting in more moisture
conserved than in the H-M and G-M plots. The H.l as shown iIn table
40 ranges from 43 to 49.5 (46 * 7.5%) in all plots. These values
are much higher than the values for 1993 and this was again due to
the higher and well distributed 1994 rainfall, while 1993 had
serious moisture stress which consequently affected grain yields

and H.I.

4.10.5 Cowpea yield results, short rains 94/95.

Due to again Fusarium and Pseudomonas disease attacks on the
cowpea during the season, the yield results were obtained from
carefully selected sampling areas, where the plant populations
remained uniform during the season and where complete cowpea rows
were dominant. This minimises disease influences on the reported
yield results. These population losses in each plot were
quantified as a percentage of the total original population as 43,
5, 44, 42 and 58 % in the C, +M, HtM, H-M and G-M plots
respectively. They therefore must have influenced erosion figures,
which must have been relatively higher in +M and G-M plots. This is
confirmed by fig. (@4.9). The results in figure (4.154) show that
the mean grain and biomass yield in kg per row, on average of
comparable order of magnitude as in 93/94, were slightly higher in
the C than in the +M plot just opposite from the results in 93/94,

particularly due to a bit less than 25% higher C yields. The reason
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Fig.4.154_. Comparison of cowpea grain and biomass yield in
C, +M and H+M plots, for the short rains of

94/95.

for this may have been a rather slower germination noted in the +M
plot due to the mulch, for reasons indicated below. Gapping was
done to make the plant population uniform. The mean yields per row
in the two rows closest to the hedges in the H+M and H-M plots were
(most often slightly) depressed. In the H+M this was true for one
more row (figs. 4.154 and 4.155). For the rows of H-M the
depressions were less significant and this ma® ha.e had t¥e same

reasons as the somewhat depressed yield in the +M plot, depressing
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Fig.4.155. Comparison of cowpea grain/biomass yield in C,
+M and H-M plots, for the short rains of
1994/95.

also H+M yields. The existing differences must further have been
due to shading and perhaps some moisture concentration by the
barrier hedgerows which, as earlier found, do not seem to
sufficiently favour the growth of cowpea plants near them.

In the G-M plot, however, the yield depression was particularly at
the rows near the grass strip, while peak and near peak yields per

row were in only two middle rows (Ffig. 4.156). This was, for

reasons earlier stated.
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Fig.4.156 Comparison of cowpea grain/biomass yield per row
" 7777 Iin C, *M and G-M plots for the short rains of

1994/95.

The mean yields iIn kg per hectare, iIn Table 41, confirms that the
C plot had slightly (less than 1 std) higher yields than the *M
plot, most likely due to less light at germination and because of
some lowered near soil surface temperatures and some early

inefficient rain entrapment (see fig. 4.5), confirmed by the soil
moisture Tfigures 4.70 and 4.71, due to mulch, which may have
negatively affected the germinating cowpea seeds at the beginning

of the season. Though the yields were lower iIn the H*M and H-M
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plots compared to C and oM plots, the H-M plot had similar grain
yields but slightly lower (half a std) biomass yields than H»H. In
general mulch disadvantages early in the season nullified any

later possible effects, that were anyway small in this good rainy
season. The H.I. (Table 41) ranged from 10 in the H™M plot to less
than 19 for the G-M plot, which were expectedly low, as earlier
explained for the 93/94 season. They were lower than iIn 93/94,
because of higher proportions of biomass produced in 94/95 compared
to 93/94 due to high differences in rainfall amounts, that in 94/95
being a high 549 mm. A comparison of tables 37 and 41 shows the
same average H.l., while the 92/93 season had even higher rainfall
(662mm) . The higher yields of 94/95 (showing that too much rain
indeed has negative effects) were differently distributed. Still
higher rainfall than in 94/95 apparently negatively influenced
grain yields, and H.I in C, HHtM, G-M and also grain and biomass
yields iIn +M but positively influenced biomass production in C,
grain yield and H.1 in H+tM and a bit everything in H-M.

Mutifactorial effects are difficult to explain more precisely than

we have done here.
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Table 41. Cowpea yields (t hal) 94/95 season.

Grain Biocaais H.X
C 0.69 4.8 13.9
+M 0.60 3.8 15.8
H+M 0.31 3.1 10.0
H-M 0.34 2.6 12.9
G-M 0.39 2.1 18.6
avg 0.47 3.3 14.2
Std 0.15 0.99 2.

v ® 32 0 20

4.10.6 Maize yield results long rains, 1995.

The results of mean grain/biomass yields per row in (figs. 4. 157
and 4.158) show that there were similar high grain/biomass yields
in the C and +M plots, while the yields per row in the H*M and H-M
plots were lower overall and also again depressed in the middle
rows, Tor reasons explained in the malxe yields/row for the long
rains 1994. These yields were however higher in the H.M plot than
in the H-M plot, as in 1994, possibly because of moisture
conservation and release of nutrients by the decomposing mulch,
although this nutrient effect did not work at the *M compared to

the C plot, suggesting that the hedge effect is the more important

one.

In this best yields season for maixe for all plots, the yields per

row in hedgerow intercropping were again lower than in the C and *M
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Grain yield/ro« ' Biomnee yiei<l/roa

Fig.-4.157. Comparison of maize grain/biomass yield in C, +M
and H+M plots, for the long rains of 1995.

plots, again due to the absence of competition in the C and +M
plots, compared to H-M and H+M plot. As found in the G*“M plots in
the 1994 maize crop, there were again serious yield depressions
within the overall t halyield in the outer rows of maize next to
the grass strips, and the best yields per row were still lower than

those in C and +M plots, where there was sole maize, although the

very middle row came close.
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Grain yi«id/ro* Biowm yl»d/row

Fig.4.158. Comparison of maize/biomass yield per row in C,
+M and H-M plots, for the long rains of 1995.
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Triemt
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Fig.4.159. Comparison of maize/biomass yield per row in C,
+M and G-M plots, for the long rains of 1995.
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Table 42. Maize yield (t ha®) jong rains 1995.

Treatment Grain Biomass H_ 1

c = 5.3 50.6
+M 2,3 5.3 47.3
H+ M 2.1 4.3 48.7
H-M 1.5 3.4 43.9
G-M 1.0 1.9 52.1
avg RS 4.1 48.5
std 0.67 1.3 2.6
cv (%) 31.6 31.3 S.

The results in Table 42 show that the C and +M plots with sole
maize had both overall substantially higher grain and biomass
yields than the H+M, H-M and G-M plots with tree and grass
components, for reasons earlier explained. The yields per hectare
were lower in the H-M plot and lowest iIn the G-M plot, where there
was no mulch. In fact, the grain yield in the G-M plot was only

about half that iIn the H+M plot.

The H.l. ranged from 44 in the H-M plot to 52 in the G-M plot, with
an overall mean of 48.5 % (with a range of i 8%), which appears
very alright for maize, of the same order of magnitude as

in 1994 and much higher than in 1993, because the season was within
the average rainfall (285 mm), appreciably more than in 1993, which
favoured maize growth and development and hence grain yield, also

with respect to the somewhat lower rainfall season of 1994 (242mm).
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4.10.7. Summarising discussion.

This discussion on crop yields will further compare the three short
rainy seasons of cowpeas and the three long rainy seasons of maize.
The yields per treatment over the seasons can be read from the

review tables that follow for cowpea and maize separately.

4.10.7. (@ Cowpea yields.

As regards cowpea grain yields per hectare in review (Table 43)
below, variations were not only found within the treatments but
also from season to season, particularly with respect to the first
season relative to the other two. This was due to rainfall
variations from season to season and cowpea varietal differences
between the first and last two cowpea seasons. Except for the wet
94/95, where rainfall was too abundant early in the season and
where there was a yield decrease of 100 kg hal between C and +M
plots, due to mulch disadvantages at germination and less than
optimal mulch rate (1.2 t hal) advantages throughout the season,
the presence of mulch in +M as protective cover on sloping lands
gives some cowpea grain yield increase compared to the C plot
(Table 43) . Although for 93/94 and 94/95 the grain yields were
similar in the H+M and H-M plots, the mulch appears to give grain
yield benefits iIn H+M compared to H-M in 92/93 and particularly G-M
in 92/93 and 93/94 but not in 94/95. Except for the 92/93 season
when C and +M grain yields were lower than in the other seasons,

due to the serious wetness throughout the season and perhaps
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differences variety, the C and M plots have clear grain and
biomass yield advantages over the HHM, H-M and G-M plots (in 93794

and 94/95 seasons), as seen in table 43 below.

Table 43. Comparison of cowpea yields (t ha*) over the seasons
92/93 93/9%4 94/95

grain biomass grain biomass grain biomass

c 0.32 3.9 0.56 2.9 0.69 4.8
M 0.43 2.3 0.65 34 0.60 3.8
H+M 0.46 3.2 0.39 1.4 0.31 3.1
H-M 0.39 2.2 0.36 1.1 0.34 2.6
G-M 0.30 2.1 0.30 1.3 0.39 2.1

There was a clear increase in grain yields in C,

decrease in grain yields for H+M over the years, while there was an
increase in grain yields only in 94/95 in G-M, which effects were
mostly due to negative and beneficial trends in rainfall and its

distribution and their effects (Table 43) .

These results show that competition for growth resources such as
water, light and nutrients by the Senna trees and grasn with the
cowpea plants were responsible for reduced yields iIn the hedgerow
intercropped plots. Surprisingly, the cowpea yield in the C plot
remained high with advancing seasons, a too wet too disastrous
nutrient leaching and runoff in 92/93 apart, and also the yields

only seriously decreased for H+M for reasons pertaining to hedge
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behaviour, even without the use of Tfertilizers on these steep
slopes. This can for 93/94 and 94/95 partly be associated to carry
over effects of the fixation of nitrogen by the cowpea from the
atmosphere into the soil through symbiosis with rhizobia. The
cowpea uses some of this fixed nitrogen and leaves some in the soil

for the succeeding crop (Shakoor et al, 1904).

The overall grain yields in all plots were however still Ilow
compared to the yields from optimal conditions at KARI®S Dry Land
Research Centre, Katumani, because the cowpea used had been bred
specifically for economic use (here food) of both grain and leaf
yields. From Table 43, it is shown that except for the *M plot,
where the biomass yield increase was rather small, there was a
large increase iIn biomass yield iIn the other treatments between
93/94 and 94/95 seasons. This was partly due to the higher rainfall
amounts in the 94/95 compared to the 93/94 season which favoured
this higher biomass formation. At the same time, except for the +M
plot where there was a decrease in biomass yield in 92/93 due to
negative mulch quantities and conditions, there was a clear cut
lowest biomass yield in the 93/94 season. This can be at?ilbuted to
the lower rains (288.5 mm) 1iIn this season. Except for the 2/ 5i
season, when biomass yield in the oM plot was low (2.3 t ha ), for
the reasons given, the biomass yields were generally lower in the
Senna/cowpea and grass/cowpea treatments than in *he C and w plot_
(Table 43) This 1is attributed to the absence of competit ion foi

light, water and nutrients in these latter plots. The appreciably
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higher quai.tities of biomass produced over the seasons are fitting
the feeding habits of the people in eastern Kenya of eating the
leafy part of cowpea as a vegetable and this explains why multi-

purpose cowpea varieties are popular with the Tfanners 1iIn this

region of Kenya.

Cowpea grain yields under experimental conditions at Katumani,
Machakos, on gently sloping land with similar soils, average
rainfall and using fertilizers show values of more than 1.5 and 1.3
t ha 1l per season for the two commonly bred local varieties KOO and
M66 respectively (Shakoor et al. 1984). Still higher grain yields,
of up to almost 2.5 t hal, were recorded at optimal Ffield

conditions in Australia (lkombo, 1989).

The harvest index was low for cowpea during the three seasons and
this must be due to the low H.I. found in many grain legumes (Jain,
1975), particularly in this case where the legume 1is used as both
grain and leaf vegetable. In normal circumstances, where grain
yield is the main wanted part of total above ground biomass yield,

H.1. can be as high as 50%, when the cowpea breeder goes for high

yielding grain cowpea varieties.

Cowpea 1is one of the main three main grain legumes used in the
Eastern part of Kenya, and even though on-farm lower yields, of
0.35-0.45 t hal, are obtained in East Africa under low management

and 0 7-0 9 t halunder good husbandry (Acland, 1971), there is a
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potential for its use in aii*u N . . .
y cropping (hedgerow intercropping),

iall i the advantaae™ -
espectalily given The advantade™ of the builld up of terraces of good

soil near hedges and the n _ ) _
P Ision of mulch for erosion control in

the Tarmerst Tields. * main problem to be solved is the
susceptibility of cowpea for dis‘?’eee;'\s;g and the strong competition
w1 the grass or the somguhat joaa strong competition with hedges
for growth resources. Of course the letter problem ere comp.n.et.d
for If the hedges would also be economically sufficiently

beneficial.

4.10.7.(b). Maize yields.

As shown from Table 44 iIn a maize yields review, the mean grain
yields 1In tons per ha, of <0.50, for the long rainy season 1993
were extremely low, due to a very low rainfall of 108.5 mm. The
study also shows that there was an increase iIn grain yields in all
the plots (Table 44) with increase iIn rainfall amount iIn 1994

(242.4 mm) and even more iIn 1995 (285 mm).
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Table 44. Comparison of maize yields ¢ ha1) over the seasons.
1993 1994 1995

grain biomass grain biomass grain bios

. 0.48 2.5 1.8 4.0 2.7 5.3
™ 0.32 1.7 1.8 3.8 2.5 5.3
H+M 0.03 0.48 1.1 2.6 2.1 4.3
H-M 0.04 0.44 063 1.4 1.5 3.4
G-M 0.12 0.63 0.79 1.6 1.0 1.9

There were yield variations both among treatments as well as from
season to season, 1995 being the best. These variations between
seasons were due to rainfall and its distribution, and the
variations between treatments were due to competition for water,
nutrient and light between the Senna trees/grass and maize. These
competition effects were also abundantly shown in the low yields of
1993, where there was about 10 times more grain yield in the non-

agroforestry compared to agroforestry plots (Table 44).

The mean grain yields for the 1995 season of the C and +M plots
were over 2.5 t ha"l. This was one and a half times and more than
double the average yields in the H-M and G-M plots respectively and
about 25% higher than in the H+M plot. In 1994, the lower mean
grain yields (about 1.8 t hal) in C and oM plots were moifi than
double the mean yields in H-M and G-M plots (about 0.7 t hal) but

60% more than that in the H.M plot (Table 44) . This was for the
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case of the hedgerows clearly due to the effects of the combination
of hedge and mulch in the release of nutrients for the maize crop
as well as in better moisture and soil conservation. In fact, the
presence of mulch in K+l in 1994 resulted in an increase of 470 kg
and 310 kg of grain yield compared to H-l and G-M plots
respectively. In 1995, there was an increase of 600 kg and more
than 1100 kg in the H+ll plot compared to K-l and G-l plots
respectively. Surprisingly, the mean yields in the C and *Il plots
were rather high, especially when taking into account that the
plots have been under cultivation for a long time without erosion
control measures (other than mulch for tll) and without the use of
fertilizers. A reason for this could be the residual N fixed and
left in the soil by the cowpea iIn rotation with maize. The presence
of hedgerows and grass strips seems to lower grain yields because
of competition by the Senna trees and grass with maize for water,

light, and nutrients.

In the 1994 season, the amount of runoff reduction iIn water as well
as in soil loss was appreciably higher in H+M than in the H-M
plot. This additional soil and moisture conservation in the H+M
plot, because of the hedge and mulch combination, may reduce the
crop/tree moisture competition, resulting in more yield compared to
the H-M plot. The case for 1993 is rather different, because in
both H+M and H-M cases, there was not enough moisture to be
conserved (fig 4.2) . This meant that the presence of mulch had very

little effect on moisture conservation.
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The grain yields of Katumani composite maize under optimal
conditions in Machakos district, under adequate rainfall, have been
shown as being more than 3 t hal, becoming about 0.65 t ha* for
drought years on average (Nadar and Paught 1984a/ 1984b) . This Iis
in contrast to the yields in farmers® fTields which range from 0.25-
0.75 t ha", with an average low plant population of 20,000 plants
ha® (Nadar, 1984). The present maize yield study shows that when
mulch was added to the hedgerow barrier (H+M), as an additional
protective cover on the steep slopes, the grain yields were close
to 65 % and 40 % more compared to the H-M plot for both 1994 and
1995 maize seasons respectively (Table 44) . At the same time, the
presence of mulch as protective cover in the H+M plot also more
than doubled and nearly doubled the grain yields compared to the G-
M plot in 1994 and 1995 respectively. As for the C and oM plot,
there were only appreciable yield differences between the two plots
in 1993 an extremely low rainfall year with mulch working the wrong
way through rainfall interception. There may however be yield
differences in the long run when the effects of soil erosion above

the T value are most likely to be felt in the C plot by yield

reduction.
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4_H e Kakuyuni catchment on-farm surveys results *n»

discussions.

These results cover the short rains 93/94, the short rains 94/95
and the long rains 1995. The long rains of 1994 were a complete
failure and are not discussed in this study, for no rainfall
records were kept, as noted, at Kakuyuni site. Also no data on

rainfall were collected during the 93/94 rains.

4.11.1. Rainfall distribution.

An idea of rainfall pattern in the catchment was obtained from only
one rain gauge at Kakuyuni. The rainfall distribution in time for
the 94/95 short and 1995 long rains seasons are shown in figures
4.160 and 4.161 respectively. The total amount of rainfall for

94/95 season was 378 mm, which is above average for the semi-arid

areas of Kenya.
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Days

Fig.4.160. Short rains distribution 1994/95, Kakuyuni
catchment.

The next (1995) long vrains (304.4 mm) because of rainfall
distribution nearly resulted iIn a crop Tfailure, as the rains
started off season, in February, continued into March (with the day
of most rainfall already on 3/3), when the long rains normal %
come, and disappeared all together in May. The rain was so poorly

distributed (46% fell on only three days) that maize suffered heavy
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losses. This rainfall coni* u
owever, support ths mors drought

tolerant crops such as
sorghums min.U, .. shown In tsbl. «7.

Days

Fig.-4.161. Long rains distribution 1995. Kakuyuni
catchment.

A few farmers here planted in February, because of early rains,

before the actual long rains started in March. Their strategy, from
their experience, was to use some soil moisture for the short
duration crops, like sorghums and millets, in February. When a
risky season then started in March, these crops would have at least

enough moisture, combined with their drought escaping (short)
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maturing mechanism, to reach harvesting

411 2. General surveys.

The surveys involved 30 fTarmers. This number included the 10
farmers in the catchment with alley cropping on their farms. The
surveys showed that people settled in this catchment from the high
potential populated areas of Machakos in the early 1950s in search
of land for settlement and farming. The farm sizes range from 2 to
50 hectares and have continued to get smaller through demarcation
and allocation to farmers®™ children as well as through sale. The
surveys also revealed that only 1 % of farmers have some other land
somewhere else in the district, where they usually take their
animals for grazing, especially when there is drought in the
catchment. The land is owned by individual farmers, an aspect which
is considered crucial for developing permanent soil conservation
structures. About half of the farmers®™ land is under livestock

production and the other half under crop production.

The topography of the catchment ranges from rolling (<5% slope),
via moderately sloping Bland (6-10%) to steep slopes (G10%) .
Although soil erosion had declined over the years (1930s to 1990s)
through increased soil erosion measures (Tiffen Ot al, 1994), our
surveys showed that new cultivations were often being carried ou
on steep slopes without carrying out erosion control measures,
despite the knowledge for soil conservation. The reason for doing

this could be that the steep sloping lands are normally fertile,
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when newly opened for cultivation for up to about 3-4 years before
crop yields start declining. The sign of declining yields will then
make It necessary for the fanners to construct terraces for erosion

control to reduce the declining yields.

4.11.3. General agricultural practices in Kskuyuni catchment.

The farm surveys conducted iIn the catchment revealed several
agricultural practices. In the first place, farmers practise mixed
farming, in which crops are grown and livestock is kept by the
farmer on the same farm. The reason given by the farmers for this
mixed farming practice is that of minimising risks iIn the event of
disease outbreak, such as of foot and mouth disease in cattle and
charcoal rot in millets. Intercropping also helps in reducing
chances of crop fTailure when short maturing crops are included in
the cropping systems. At the same time, this system also provides
the farmers with a balanced food nutritionally, when Ilegumes are
mixed with cereals. The farm animals also provide the farmer with
a source of income when they are sold or hired for ploughing,
provide manure for sale or use on the farm to improve on soil
fertility and they help iIn land preparation, sowing and even
weeding. The crops, on the other hand, provide the farmers with
food for their subsistence needs as well as cash whenever there is
surplus for sale. The animals kept by the farmers include cattle,
goats, sheep and poultry. The main crops grown by the farmer

include maize, beans, cowpeas, pigeon peas, sorghums, bulrush
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millets, TFinger millets, sweet potatoes and cassava. Thsy also grow
fruit trees such as mangoes, citrus fruit, pawpaws, bananas and

guavas.

The surveys showed that over 80% of the farms surveyed had mixed
cropping (growing two or more crops simultaneously, with no
distinct row arrangement) and intercropping practices (the growing
of two or more crops simultaneously where one or more crops are
planted in a row (Palaniappan, 1988) . The rest of the TfTarmers
practised monocropping or had crop rotations. The farmers®™ reasons
for these cropping practices were that while intercropping may
enhance land productivity compared to monocropping (e.g Baldy and
Stigter, 1997) , it also reduces the risk of crop fTailure as the
intercrops mature at different times. This 1is for example iIn
agreement with the findings of Bryan and Pera (1988) that
intercropping increases availability of N when a legume is one of
the intercrops. They also advance the reason that intercropping may
reduce and save the labour on weeding as opposed to monocropping.
In cases where creeping crops like cowpeas and sweet potatoes ir<
in intercrops, there is a possibility of reduction of soil erosion

through interception of rainfall energy as well as con? rol of

runoff.

Crop rotations, fTarmers argue, reduce the incidences of so. L borne
diseases which occur when crops are continuously grown in one plot

for a long time, because rotations break this continuity and the
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disease may disappear. It was also argued that when legumes are
included in rotations they help in fixing atmospheric nitrogen in
association with rhizobia, which improve soil fertility and enhance
the yields of the proceeding crop. About 10% of the farmers use
commercial fertilizers and these happen to be well off fanners. The
main sources of farmers®™ income iIncluded sale of livestock,
charcoal, wood for carvings and building poles, sale of sand from
riverbeds, surplus millets, sorghums, cowpeas, beans, pigeon peas
and fruits. There are also off-farm sources of income from those

employed off-farm in the family.

It was also established from the surveys that rainfall was
insufficient and poorly distributed over the years resulting Iin
frequent crop failures to the point of having the government to
intervene by famine reliefs. Experience shows that one out of every
four years there are crop failures resulting from inadequate soil
moisture from insufficient rainfall and food shortages are solved
through the provision of food by the government. Prom the history
of rainfall over many years (1894-1990) 1in the district, it was
identified that droughts characteristically occur in runs of two or
more seasons, and this amplifies their social, economic and
environmental consequences (Tiffen et al, 1994; Mutiso 1991). What
is very clear is that only a small proportion of the district can
expect more than 250 mm in either the long or short season in six
or more years out of ten (Jaetzzold and Schmidt, 1983), which is

the barest minimum Tfor producing a crop of maize, assuming a
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satisfactory distribution within the season. There has been a 70-
1001 versus 0-55* probability chance of success in growing maize in
both the long rains and short rains iIn eastern Kenya, when Che
maize was planted at the onset and late after rains respectively
(Stewart and Kashasha, 1984) . This stresses the importance of

timeliness in planting iIn eastern Kenya.

4.11.4. Traditional techniques of soil and water conservation.

Soil erosion was also identified as one of the serious problems
facing farmers iIn the catchment. Farmers have used traditional soil
and water management techniques to combat it. These traditional

techniques were:

@ '"'Fanya-juu' terraces which were the main structural erosion
control practices but found expensive to construct. The terrace
embankments were stabilised by growing grasses on them, to
strengthen them and to minimise repair costs. Because of the
communal "Myethya groups” farmers have made use of them to effect

terracing despite the high labour costs.

(b) Stone terraces found with some farmers, where stones are
collected from the farm and aligned along the contour so that bench
terraces can naturally form with time along these stones on the
contour, without incurring extra cost of terrace construction.
Though effective in erosion control, they require labour for stone

collecting and alignment (on the contour) but are cheaper than the
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Fanya juu™ terraces.

(© Trashlines, where crop residues from harvest are collected and
aligned along the contour so that they can act as a barrier to
breakdown the length of the slope, trap runoff and hence reduce
soil erosion. They have the disadvantage that they reduce trash
availability for livestock, that use these crop residues as feed

during the dry period.

(d) Grass strips, which are established along the contour, with the
purpose of forming earthen banks with time for the control of

runoff water.

@© Mulching, where crop residues were left on the farm after
harvest so that they can decompose with time to release plant
nutrients for the next crop as well as acting as rainfall

interceptors, reducing the risk of soil removal and transportation.

() Cut-off ditches, which are normally constructed at the top of
farms to iIntercept water, entering it from outside the farm and
causing erosion through runoff water, by diverting it in a non-

erosive manner into the natural water ways.

(@ Water harvesting techniques. This iInvolves diverting runoff
water from the roads into the farms in surh a that It can ie

stored in the ditches created during "Fanya juu'" terrace
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construction, for especially fruit growing *uch as bananas, oranges

and pawpaws.

() Ploughing along the contour. This is a conservation practice
which has he advantage of directing runoff water to move along the
contour and allowing 1t time for infiltration, without

concentrating it at points where it can cause erosion.

(@) Early land preparation and early planting. Due to the limited
amount of rainfall in the catchment, ploughing early ensures that
the soil has time to weather and become well aerated, and remains
cloddy to facilitate more water infiltration, for enhanced crop
production. It also allows time for other farm operations such as

planting and weeding.

() Scattered trees, which diminish water and wind erosion.
Traditionally trees are placed along the homesteads, not only for
shade, wood and fuel purposes but also for protection of the
homestead against wind erosion damage by strong winds. Some of the
trees found iIn the catchment were Acacia albida, Acacia seyal,
Acacia tortilis, Coirunifora ssp, Balanitis acgyptiaca and Terminal ia

spp- , well known for the provision of wood used in wood carvings.

In 60% of the farms surveyed there were scattered trees grown 1in
the grazing areas, mainly for the purposes of shade to the animals

but also for provision of charcoal to the household or for sale.
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There were also other soil and water conservation techniques found
on the grazing lands. These included:

(i) A series of runoff retention ditches constructed along the
contour to cut down the slope length and to trap water and allow
runoff more time to infiltrate reducing, the chances of soil
erosion. These are stabilised by growing grasses inside them so
that they can last longer and minimise repair costs, (i)
Constructing interlocking semi circular micro catchments using
wooden branches or stones, which trap runoff and soil sediments and
attract grasses and other forms of vegetation in them and establish
a protective cover in denuded areas, (iii) Check dams, for which

#

pieces of wood and other small tree branches have been tied
together and placed in gullied areas to trap both water and
sediment and eventually attract vegetation growth, which Ffinally
stabilises the gulley walls and checks soil erosion, (iv) Tree
establishment on denuded areas with the purpose of putting these

denuded areas back original cover. These included Acacia albida, A.

to rtilis , A. seyal and A. prosopis.

The DARP project introduced alley cropping to the farmers,
primarily to assist in soil erosion control, fertility improvement
via mulching and provision of fodder and other production on
cropped land. It was done using multi-purpose trees/shrubs, mainly
Leucaena Jleucocephala, Gliricidia sepium and Senna siamea. More
farmers appear keen to have these multipurpose trees fTor fodder,

roulch and erosion control. The surveys showed that alley cropping
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was Fixed at 4 m and that this WaS introduced while the farmers got
improved seeds and tree seedlings as incentives. Farmers would not
plant the AF plots until seeds had been brought to them, which
caused delays in germination and planting and hence other farm
activities. The farmer would prefer to weed other Tfields before

weeding the AF, pointing to the fact that the plot "belonged to the

researcher'.

4.11.5. Grain and biomass yields.

The results in table 45 for the 93/94 short rains season show that
the "Fanya juu" terraces had somewhat better grain/biomass yield
compared to the agroforestry (AF) and grass stripped plots, with
the exception of grain for Gliricidia.

Table 45. On-farm maize yield (t hal) 93/94.

Control Grain Std Biomass Std
Structure yield (= yield <)
Sole maize 1.2 >0.05 2.50 <0.05
Senna/maize 1.05 0.1 2.2 0.1
Leucaena/maize 1.0 >0.05 2.1 0.05
Gliricidia/maize 1.1 0.1 2.2 0.1
"Fanya juu''/maize 1.15 0.05 2.55 >0.05
Stone terrace 1.25 >0.05 2.35 <0.05
Grass strip/maize 1.0 >0.05 2.3 0.10
Trashline/maize 1.2 0.15 2.15 <0.05

N-B. 4 plots were used to determine yields.
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This must be due to the competition of the tree canopies, for
light, nutrients and moisture, with the maize canopy. The "Pany*
Jjuu" terraces appear as effective for moisture conservation as the
trashlines, stone terraces and the control, while the latter was
better than the AF plots and grass strip due to the absence of
competition for moisture and other growth resources in the control.
The other small differences are attributed to differences in
management from one farm to the other and also in plant population.
For this season, it can be concluded that moisture conservation by
erosion control structures was not suufficient enough to show yield
differences, as sole maize gave nearly equal grain yields and even
greater biomass yields than all methods but "Fanya juu" without
competive effects. The sole plot could result in lowered yields in
the long run as benefits of hedgerows have shown to be long term
(Nelson et al . 1997).

Table 46a. On-farm maize yield (t ha®), 94/95.

Control Grain Std Biomass  Std

structure yield @ yield )

Sole maize/

control 1.15 0.1 2.2 >0.05
Senna/maize 1.05 <0.05 2.5 <0.05
Leucaena/maize 1.1 0.05 2.5 0.10
Gliricidia/maize 1.15 <0.05 2.3 0.15
“"Fanya juu'/maize 1.35 <0.05 2.55 >0.05
Stone terrace 1.3 0.2 2.15 >0.05
Grass strip/maize 1.1 0.1 2.15 0.2
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Trashline/maize 1.2 <0.05 2.45 0.1

N.B. 5 plots were ,sed to determine the yields.

Table 46b. On-farm cowpea yield (t "), 94/95

Grain  Std Biomass  Std
Sole cowpea/
control 0.45 0.1 2.1 0.1
Senna/cowpea 0.35 0.05 2.0 0.2
Leucaena/cowpea 0.3 <0.05 1.75 0.2
GLiricidiaZcowpea 0.3 0.1 1.65 0.1
Fanya juu"/cowpea 0.55 <0.05 2.35 0.1
S.terrace/cowpea 0.5 <0.05 1.95 0.3
Grass strip/cowpea 0.3 0.05 2.0 0.1
Trashline/cowpea  0.45 <0.05 1.85 0.2

N.B. 5 plots were used to determine the yields

Tables 46a and 46b show the maize and cowpea yields Tfor the short
rains of 94/95. The results show that maize grain yield was higher
in "Fanya juu" terraces and stone terraces than 1in AF and grass
strip plots. This was possibly due to more moisture being conserved
by the Fanya juu terrace plot and possibly the stone terraces as
well as having no competition for water and other resources such ao
in the AF plots. With the exception of trashline with respect to
Senna and possibly Leucaena and of Senna with respect to Glint idia
these are small differences for grain yields and this makes the

picture rather complex. Also Tfor biomass the picture appears
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complicated as improvement only applied for *Panya juu- with
respect to control, Gliricidia, stone terraces and grass strips,
but also for Senna and Leucaena with respect to control, stone

terraces and grass strips and for trashlines with respect to

control and stone terraces.

The yield results for the cowpea in Table 46b show that the AP and
grassed plot grain yields were depressed, as observed near the rows
close to the hedgerows and grass strips, compared to the Panya juu
terraces, stone terraces, trashline and control plots. The reasons
for these differences have already been earlier discussed. For
grain yields, the "Fanya juu" terrace appears to be more effective
in moisture conservation than the trashlines and the control, but
only very marginally so with respect to the stone terraces. This
may be because the terrace has one of its ends closed and hence
trapped more water and runoff nutrients, especially from harvested
water, which may have benefitted the cowpea. As to cowpea biomass,
the depression of yield with respect to "Fanya juu'" was larger in
Gliricidia and Leucaena and the grass strips, that came close to

the control and were better than the ston™ terraces and the

trashlines. This is again complicated picture.

In the AF plots, the additional biomass harvested at the end of the
season from the trees could be (i) fed to the animals, when used as
animal feed during the dry season, (ii) used as protection against

erosion, when placed at the soil surface, or (iii) used as manure
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for soil fertility improvement, when incorporated into the Kill. It
should be noted chat the biomass yield from hedgerows changed from

season to season but on average was over 2 t ha" per season.

Table 47a. On-farm maize yield (t ha™), 1995.
Conservation Grain Std Biomass Std

structure yield <> yield <>

Sole maize/

control 0.75 0.2 2.3 0.1
Senna/maiize 0.6 0.05 2.2 >0.05
Leucaena/maize 0.45 0.1 2.2 0.1
Gliricidia/maize 0.5 >0.05 2.6 0.1
Panya juu/maize 1.05 0.1 2.1 0.1
S.terrace/maize 0.85 0.05 2.1 0.1
Grass strip/maize  0.45 <0.05 2.0 0.2
Trashline/maize 0.8 <0.05 1.65 0.3

N.B 4 plots were used to determine yields.

Table 47b On-farm sorghum yield (t haD, 1995

Grain Std biomass Std
Sole sorghum/
control 0.45 0.1 1.9 <0.05
“"Fanyajuu'/sorghum 0.75 0.15 2.0 0.1
Seterrace/sorghum 0.6 0.17 1.95 0.2
Grass strip/sorghum 0.5 0.1 1.85 0.3
Trashline/sorghum  0.55 0.18 2.10 0.15

N.B 4 plots were used to determine yields
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Table 47c. On-farm bulrush yjpret yield ( t hal). 1995

Grain Std Bloaass Std
B.rush millet
Control 0.5 0.05 1.3 0.05
F.juu/millet 0.85 0.18 1.8 0.3
S.terrace/millet 0.65 0.12 1.65 <0.05
Grass strip/millet 0.55 0.2 1.4 0.1
Trashline/millet 0.6 0.15 1.55 0.2

N.B 4 plots were used to determine yields.

The results i1n Table 47a show that the "Panya juu” had the highest
maize grain yields followed by stone terraces, trashlines and the
controls had appreciably higher maize grain yields compared to the
AF/grass plots and control, as earlier explained. As for the
biomass yields, the picture is very different with only trashlines

falling below and Gliricidia falling above a 2.15 #0.15 t hal

yield.

As Tfor the sorghum yields in Table 47b where no AF plots ar»
involved, the results for the grain show e* ~ *
terraces had appreciably more yield than the others. Ston»“ t*
>trashline >grass strip >control was the se#:quent,i that fo. but
only the edges of this distribution were clearly different. As well
as getting runoff water from the roads, the '"Fanya Juu" terrace

appear to be more effective in water retention for crop use, as
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8aid earlier, possibly because it was closed at one end while the
ocher structures were not and therefore retained less water. For

the biomass yields the differences were small and 2.00t0.15 t ha®

covered 1t all.

The grain yields for the bulrush millet in Table 47c showed exactly
the same picture as the sorghum grain yields, with the biomass,

used as fodder, in this case following the grain pattern.

It is to be noted here that the drought tolerant crops, such as the
sorghums and millets and to a lesser extent Katumani maize, seem to
be grown during the long rains. The farmers argue that they expect
low or very insufficient rains in the majority of cases of the long
rains and their strategy to at least secure some harvest is using
the millets and sorghums, which require less rainfall, mature
quickly, 1in less than 100 days, and can be stored for long periods

of time without suffering pest damage.

4.11.6. Discussion.

Although maize yields of well over one t ha" can be achieved by the
farmer on the well terraced and conserved arear* during yearn of
average rainfall, the maize yields iIn the AF plot.J aie iIn** .
because of moisture competition between the crop arid T
tree/grass. These yields can further be improved as ™"Fanya juu"
terraces have been shown to be profitable in the 1long run

(Tjernstrom, 1986), as well confirmed by our results. They are
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nevertheless still far below the yields obtained under optimal
experimental conditions involving fertilizer*, of >3 t ha* (Nadar
and Faught. 1984a; 1984b). The yields of other drought tolerant
crops are also high in well conserved soils, with again "Fenya Juu"
as clear winner, with even lower amounts of rainfall, and again
less AF/grass grown soils, due to the same competition effects as
mentioned 1iIn maize, as shown by the cowpea and partly by the

sorghum/millet results.

Data wunder optimal experimental conditions, which include
fertilizers, show that yields for cowpea can be as high as 2.5 t ha
1 (Ikombo, 1989) , while that for sorghums and millets can be as high
as 4.5 t ha"land 1.7 t ha* (Acland, 1971). There 1is, therefore, a
lot of room to exploit this yield potential for the benefit of the
farmers, but the inputs remain the main problem. Although there
are reduced yields in the AF plot, it should be borne in mind that
there are large quantities, of over 2 t ha", drymat.ter produced by
the hedgerows for fodder and/or mulch, which go to the impro.ement
of soil Tfertility and/or feeding of the animals during *"' d*

season. In the long run the AF plots may be more sustainable. It
was indeed observed during the surveys that the mulch from AF was
used either by incorporating It into the soil foi noil Tfertility
improvement, or by placement on the soil surface for moisture
conservation or by even directly cutting the hedgerows and taking

away the cuttings as fodder for the animals.



The AF plots have been operational for about sevan years or so and
the vyields obtained from the alleys depend on the nutrients
released by the mulches over the years into the soil as well as the
build up or natural terraces as observed over the years for soil
erosion control. The general feeling of the farmers is they have
controlled erosion but also created competition for light,

nutrients and moisture with the associated crop.

Efforts to fight hunger in this food deficit area were initiated
about three decades ago When the Katumani Research Centre started
work particularly to deal with the production of drought tolerant
crop varieties, which would give the farmer some stable yields with
low rainfall amounts. The Tfirst approach to deal with food
shortages was through breeding programmes. This programme led to
the development of early maturing, drought escaping, stably
yielding crop varieties such as Katumani maize composite, Katumani
bean 1 and bean 2, cowpea varieties M66 and K80, early and medium
maturing pigeon peas, improved varieties of sorghums, bulrush and
finger millets, improved sweet potatoes as well an improved cassava
varieties. The farmer, on the other hand, has also his own seed
varieties, which he has developed through many years of expo: ion

and trial and error, and he has continued to use them along with
the improved varieties for the security of his food needs. Early
maturing crops like sorghums and millets and beans, when mixed with
long maturing maize, give the farmer the hope of getting some food

even when the season is poor and keeps the chances to get overall
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harvests in case the season is good. This appears to b« om of the

main reasons behind mixed cropping found in this araa.

The second approach to fight hunger in this area was through soil
and water management strategies. These aimed at minimising soil
degradation through erosion by water, loss of soil nutrients, loss
farming land through gulley erosion and land degradation of loss
vegetation and soil through overgrazing. Among the techniques of
water conservation was the use of tillage operations which would
make the soil cloddy and allow for more infiltration and reduce
surface runoff, the use of farm yard manure to increase the soil
organic matter and so enhance water holding capacity of the soil

and its nutrients status.

Agroforestry was introduced here also in the late 1980s, with a
view to assisting the TfTarmers in erosion control via ontour
hedgerows which help build up of terraces in a cheap way, soil
fertility improvement through mulch and the provision of 11 ef “ck k

fodder to alleviate feed shortages during the* dr / periods.

However, while they appreciated the provision of fodder for their
animals from the hedgerows and/or fertility improvement through
mulching and/or the build up of level bench terraces with time at
minimal costs, there were nevertheless disadvantages as concerns
the early width, which was fixed at 4 m and which constrained the

use of oxen for weeding and ploughing. Although it is not clear why
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che 4 I was chosen, it is suspected that this width wss
copied from the humid tropics. The farcers, as observed, would have
prefe: red a bigger alley width, which would enable them to weed and
plough easily and conveniently using oxen at periods of labour
shortages when most children that supply labour are iIn school.
However, coulson, Mungai and Stigter (private communication) have
argued that benefit will appreciably reduce at larger spacings, as
the amount of biomass in dryland areas is already smaller than in
the more humid regions. The width of spacing would anyway have to
depend on slope steepness similar to the way terraces are

constructed and laid out.

Farmers further argued that hedgerows were competing with their
crops fTor light, water and soil nutrients hence limiting crop
yields. They react by preferring to weed other parts of the farm,
with other crops, TFfirst and later come to weed the alley cropped
plots, allowing weeds to grow and mask parts of the benefits of
expected yields. This as earlier mentioned confirms the fact that
they treat the alley cropping as not theirs but "belonging to the
researcher™. Infact, when the incentives used to attract farmers o
this alley cropping, such as improved seed varietl°°* are delayed
in their delivery, the farmer will leave the AF plots unplanted and
keep on waiting for the seeds, while the rest of the fam s
Planted with other crops. Since it is the fanner who decides on
what is to be grown at his/her farm, it is very important to create
a suitable interactive environment in on-farm research so that he
is convinced of the usefulness of a new technology including its
disadvantages so that he can jJudge it against the traditional

technologies which he deems vital in solving farming problems.
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As earlier noted, the working draught animals are normally weak
during -he dry season, when ploughing operations should be done,
due to lack of sufficient feeds, while the ground Is also hard to
break. So the farmer waits to plough till the onset of the rains,
when the soil had become wet and soft. The use of fodder, from for
example Leucaena in the alley cropped plots, can to some extent
reduce the fodder shortages and enhance the use of draught animals
for effective early and dry ploughing, particularly when soil

fertility can be kept up otherwise.

4.12. Connecting on-station and on-farm research.

The on-station grain yields for cowpea for the short rains 92/93,

93/94 and 94/95 (in review tables 48 and 49) showed that the
obtained yields were still low and particularly depressed in the AF
and grass plots. From the review table 49 it is shown for the 94/95
season that on-station grass strip grain and biomans yields are
slightly higher but representative for on-farm conditions for the
cowpea) , while the Senna grain yields do not differ on farm or.

station. Only the control grain and biomass yields are r **:
higher on-station than in the on-farm situation (Table 49). For
grain yields, mulch on-station and Fanya juu on-farm are similar,
the latter having highest on-farm grain yields. Although this also
applies to biomass yields these, remain much smaller than the sole
cowpea and the mulch/cowpea biomass yields. This must partly have
been as a result of differences in the management aspects such as
weeding time, manuring and even plant densities as well as partly

due to possible soil variations and a complete difference in the

bistory of the plots.
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Table 8. On-station cowpea grain and blaaaaa yield (t be")

92/93 season 93/94 aaaaon
Grain biomass Grain biomass
Sole ccwpea 0.32 3.9 0.56 2.9
Senna/cowpea 0.39 2.2 0.36 1.1
Grass/cowpea 0.30 2.05 0.30 1.3
Mulch/covpea 0.43 2.3 0.65 3.4

Table 49. On-station and on-farm 94/95 cowpea yield (t hal)

on-station on-farm
Grain biomass Grain biomass
Sole cowpea 0.7 4.8 0.45 2.1
Senna/cowpea 0.35 2.6 0.35 2.0
Grass/cowpea 0.40 2.1 0.3 2.0

mulch/cov/pea 0.60 3.8
F/juu/cowpea 0.55 2.35

The fact that the Senna and grass plots differ appreciably less or
not at all shows (review in Tables 48 & 49) the overwhelming effect
of the competition phenomena. The farmer is indeed convinced that
the tree iIs competing with the crop for nutrients, water and light,
which he attributes to the overlapping of roots and shade of the
tree. This 1is confirmed by Ong®"s (1994) and Mungai et al. (1996b)
doubts from on-station work on whether alley cropping can work in

the semi-arid areas 1iIn infertile (acid) soils with moisture

deficits.

For the maize yield pattern, the only season for which comparisons

in yield patterns between on-station and on-farm experiments could
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be made were the long rains 1995, which was still a bad ysar Cor
the farmers. In 1994 long rains, there were yields on*station but
a total crop failure in the on-farm. Yield trends were monitored
on-farm In 94/95, when no maize crop was grown in the on-station

experiments, which had cowpea. These Mize yields would therefore

be included in the discussion.

Table 50. On-farm 94/95 maize yields (t hal)

Grain biomass
Sole maize 1.15 2.2
Senna/maize 1.05 2.5
Grass/maize 1.1 2.15

The on-farm maize yields for the 94/95 season of just over 1 t hal
(review in Table 50), were below the yields of over 3 t hal, using
fertilizer, which have been achieved in the Katumani dryland
research centre, on slightly sloping land and from slightly sloping
control plots at ICRAF Machakos field station (e.g. Howard et al.
1995 ; Ong et al. 1992). There was actually no real difference in
the maize yields between the control, Senna/maize and grass/mai..e
(Table 50) . This is possibly because the hedges and grass strips
had been heavily browsed by the animals during the dry period of
1994 long rains, when there was very little feed for the animals.
This meant that the hedges and grasses posed little competition to
the maize crop, as they took time to recover and establish growth,

during which time the maize had fully grown, for this was an above

average rainfall season.

Bor the 1995 long rams; EHQFS WES yield degression in both the AF
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and grass strip plots on the on-station (Table. 42) end on-fana

(Table. 47) alike (see review table 51)

Table 51. Grain and biomass maize yields (t ha"), long rains

1994 and long rains 1995.

On-station Oon-farm On-statlon
(1995) (1995) (1994)

grain biomass grain bi<nass grain biomass

sole maize 2.7 5.3 0.75 2.3 1.8 4.0
Senna/maize 1.5 3.4 0.6 2.2 0.6 1.4
Grass/maize 1.0 1.9 0.45 2.0 0.8 1.6
mulch/maize 2.5 5.3 1.8 3.8
F/juu/maize 1.05 2.1

The yields were, however, except Tfor the grass stripped plot
biomass yields higher on-station than on-farm. The grass strip plot
on-station had in 1995 maize biomass yields that were similar to
the on-farm yield conditions and those of the Fanya juu systems
(Table 51). The on-station mulched plots did appreciably better.
These differences were for the control and oM as < result of
differences mentioned for the cowpea above. All situations were on
steep slopes, of over 10 %. There 1is atill « gap between the on-
station research results and the farmers- results, which needs to

be made narrower to boost the farmers®" yields.

The differences are, however, obviously less for competitive
situation in AF and they were least for the case of extreme

competition of grasses. The clear yield advantages of earthen and
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stone terraces over hedgerow cropping calls for integrated soil end
water management strategies where the faraer will coogtroeiae yield
losses due to the hedgerow in order to gain soew Tfodder and
mulching or so.l Tfertility improvement as well as the build up of
natural erraces with time. Because of the unwanted 4 m width
brought along with the alley cropping technology, even at very
gentle land slopes of less than 5 % slope, some fine tuning of the
alley width is crucial so that more room is created for the uee of
oxen in ploughing, planting and even weeding, which eases labour
constraints at critical periods of the rainy season. The alley
width, as earlier discussed iIn section 4.11, should be laid out as
is done with terraces, for hedgerows will eventually build up into
bench terraces for erosion control inter alia. Certainly, there is
still the additional labour for lopping the hedgerows to keep them
low, especially for short crops like cowpeas and beans, to reduce
shading. Although the farmer will need some trees which will keep
moisture competition with the crops to a minimum, it remains
doubtful whether Senna siamea, Leucaena leucocephala and Gliricidia
sepium can be accepted as alley crop trees on the basis of crop
yield alone, given the observed yield depressions over the yearn on
the farms and on-station. The farmer has still kept the grass srrip
as soil erosion control structure although 1t presents severe
competition for the farmers associated crop. The reason for this
could be that, the grass strip offers the fanners other services as
well as providing to the farmer grass for thatching and is a good
and durable stabiliser for the erosion control embankment, which

saves on money spent on repairing unstabilised weak embankments.
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CHAPTER FIVE.

5. Conclusions and recommendations/weather advisorlaa.

5.1 Explaining grain yields from other parameters

5.1.1 Rainfall.

Referring to the review Tables 5.1 (adding here that rainfall in
1993 was only 108.5mm) and 44 (in section 4.10.7 (b)), there was a
clear cut increase 1iIn maize grain and in biomsss yields with
increase in rainfall amount over the seasons for all the treatments
for the maize crop. The in grain and biomass yields in H*M, H-M and
G-M treatments were, however, depressed as compared to those in C
and +M treatments, because of competition in senna/maize and
grass/maize systems for moisture, light and nutrients (Table 44).
Maize, which is normally grown during the short rainy seasons,
which have more, and more reliable precipitation than the long
rains, was not grown during the short rains iIn our experiments, as
this was an on-going long term experiment. It is therefore Ilikely
that any Tfurther increase in rainfall towards and ovor 300 mm,
would also have resulted in further increase in grain and biomass
yields, with also the depressions remaining in intercropping, as
shown by Mungai et al. (1996b) for flat soil, since for all the
rainfall seasons for maize, rainfall was below 7”00 mm per season.
However, at too high rainfall treatments may interfere with this

picture for sloping land, as we will see for the cowpea.

The cowpea review Table 43, in section 4.10.7 (@), shows that

except for the treatments 93794 and 94/95, which were close to
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similar, there was also a general trend of covpaa gram vyield
increase in C and +M treatments with advancing seasons. However.
92/93 was the wettest season, with 662 an, against the 218.5 wm and
549 mm 93/94 and 94/95, as indicated in Table 5.1. There was
highest giain yield in the 94/95 season in the O0-M treatment while
drier and wetter conditions gave equally less grain yield there.
G-M biomass yield, however, clearly lower in the driest year. At
the same time, there was a small decrease in cowpea grain yields in
H+M and H-M treatments with advancing seasons (review Table 43) ,
with the differences between wettest and driest year indeed being
not the largest. For biomass yields the lowest yields were again in
the driest year, while the wet years had similar biomass yields.
The cowpea grain and biomass yield reductions in HW, H-M and G-M
treatments for 93/94 and 94/95 compared to the C and *M treatmento
were as a result of competition in cowpea/senna systems Cor the
available growth resources: water, light and nutrients. However, in
the wettest year, 92/93, there were no cowpea grain yield decreases
compared to the C plot (even an increase for H*M and H-M, and only
a considerable decrease between +M and G-M. Given the already high
differences in soil loss and runoff observed at wetter years
documented in Table 5.1, it is likely that 92/93 problem, in C and
+M (also biomass) cowpea plots will at least be partly due to
serious soil losses, while indeed H.M and to lesser extent H-M
suffer less from such losses because of hedge and mulch. In the 0-M
Plots, these effects are counteracted by prolific grass growth. It

looks likely that other parameters, such as light use efficiency
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and water use efficiency, were equally affected by such factors aa
discussed above. They will be used below to assist in further

understanding of yield results.

Table 5.1. Review on soil |gsa/runoff

Year Treat Soil loss Runoff Mulch rate Rainfall
ment (t ha”) ) (t hal (mm)
93/94 C 2.55 10.0 2.4 288.5
+M 0.45 1.0
H+M 0.5 0.5
H-M 0.7 4.7
G-M 0.15 1.8
1994 C 9.7 8.4 1.9 242 .4
+M 0.8 5.6
H+M 0.06 1.8
H-M 1.5 5.8
G-M 0.2 4.8
94/95 c 60.7 59.5 1.3 549.0
+M 40.0 19.5
H+M 1.4 16.5
H-M 18.0 47.3
G-M 12.9 30.0
1995 ¢ 3.9 20.5 2.0 285.0
+M 2.0 9.6
H+M 0.1 1.3
H-M 13.3 18.2
G-M 2.0 9.3

444



5.1.2. Mulch and crop cover.

As seen ~iom Table 2 in section 4.4.7 and review Table 44, mulch
cover 1iirproved maize grain and biomass yield performance in the H*M
compared to the more depressed yields in the H-M and O0-M,
treatment s with the exception of the 1993 season when rainfall was
quite low and G-M was bad but H+M and H-M worse in yields. The
presence of mulch as an additional protective cover on steep slopes
in the H+M treatment improved the maize grain yields by 0.5 t ha"
and i1ts biomass by 1.2 t ha"1in 1994 and by 0.6 t ha" and 0.9 t ha-"
respectively in 1995 compared to the H-M treatment. The yield
increases for maize grain in the H+M plot over the G-M treatment
were 0.3 t hal and 1.1 t hail for 1994 and 1995 1long rains
respectively, while for biomass it was 1.0 t hal and 2.4 t ha"
respectively (Table 44) . During these two maize seasons, there was
more % mullch cover iIn 1995 than in 1994 (Table 2), while th«* 3 Crop
cover was till day 58 inclusive but no longer at 78 days relatively
higher in 1994 than in 1995. A combination of crop cover and mulch
cover for the three seasons shows that (i) for 91 thin oum war.
lower than 50% for the whole season for C, H-M and G-M, while for
H+M and +M this was only the case from 67 DAS and 86 DAS onwards,
when ic was no longer so important; (ii) tor 1994 it was also be jow
50% for the whole season for C, H-M and 0-M plots, but for the H»M
plot only from day 58 onwards, although it was oOften close; (iii

for 1995 this sum was less than 50% for the C plot till day 58. for

the H-M and G-M plot till day 78 and for H.M only from day 148 till
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the end, when it was no longer inportant. (Alao co-par. Table 2).
It can therefore be concluded that -ulch cover wee responsible for
additional soil erosion reduction and for yield increase in the H»\M
treatment compared to H-M and G-M treatments in 1994 and 1995 maize
seasons review Table 5.1). The mulch had no iInfluence on maize
grain and biomass yields compared to the control plot In 1994 and
1995 and a negative Influence In the driest year, 1993, for several
reasons. The most likely reasons are interception of light rains
early in the season, confirmed by the soil moisture data and sub-
optimal temperatures near the soil surface, caused by the presence
of the mulch. However, the last effect must be smll, as
temperatures in 1994 and 1995 give only maximum differences of ZTC
between the (loner) temperature in the mulched plots and those iIn
the control, for weekly average temperatures.

The C and +V treatments shoned an increase iIn cowpea grain yield
except Tfor 94/95 In M treatment when there was a decrease In
yields (Table 43) , which was attributed to a negative mulch effect,
confirmed by the soil moisture data. Recalled from the cowpea yield
review table 43 for the cowpea seasons, there was a decrease 1IN
grain yields in HtM and H-M treatments over the seasons except for
the G-M treatment which iIn 94/95 season showed higher grain yields.
The review of crop and mulch cover in Table 2 shows that mulch
cover alone was nowhere sufficient to effectively protect the soil
against erosion iIn 93/ nor In 94/95. Crop cover alone only

reached 50% in mulched plots In 94/95 season at 76 DAS In H,M.
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although it was close at 56 DAS. whil. kt ... .1>0 wfficl.nt tor
erosion control, alone, at 76 DAS and S6 DAS in the .H plot In that
same season (Table 2). It was moreover sufficient In unsulched
plots on 5 DAS in C and H-M (91/949) and on the C plot on 56 DAS
and = Combining mulch and crop cover this sxrawas lower then
5%, so insufficient for control of toil erosion: (@) for 92793
(not having G-M) from the start to 36 DAS for C and H-M plots,
which is somewhat more dangerous than the period from the start to
22 DAS that holds for +M and HHM plots; (1) for 93/ for the
whole season in H-M and G-M plots, for the period from the start
till below 65 DAS for the C plot ad, better than the others, from
25 DAS till the end but always above 30% for HHM and only from
above 35 DAS, but higher than 40% while often close to 50%, for e\;
and (iii) for 94/95 for the whole season for the H-M and G-M plots,
from the start to 48 DAS for ¢ and from the start to only 26 DAS
for +M and H+M, which therefore were better protected.

A combination of mulch and crop cover can therefore be concluded to
have reduced soil erosion in mulched treatments a lot better than
in the other plots, except that diseased cowpea may have
contributed to more soil erosion (Table 5.1) through poor crop
cover development in 94/95 season. Except for this 94/95 season,
when grain yield and not the equally important biomass was similar
in H+tM and in H-M but higher in G-M treatments, there was a grain
and biomass yield advantage over the seasons of the H+M treatment

over the H-M (although similar for grain 1iIn 93/94) and G-M
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treatments (although .imilar for * ., . . Whlch c.,,

attributed to the presence of .ulch and the hedg.ro- barri.r (Teble
43) and their influence on runoff and soil loss. It can therefore
be concluded that the combination of .ulch and hedgerow barrier had
biomass and under very wet condition, ai.o grain yield advantage.
""el heci9erow barrier or (with grain advantage replacing biomaa.
advantages 1iIn the driest season) gras, .trip alone, which were
sufficiently high to justify the use of mulches in the

treatment. In the wettest season the mulched plots yielded most

grain and the H+M plot high biomass.

Mulch gave cowpea grain yield advantages in the oM plot of about
0.1 t ha 4 when compared with the C treatment (351 iIn 92/93 and
15% @n 93/94 ) save for 94/95 (Table 43) when mulch rate was very
low (1.3 t ha"l), but a comparable biomass yield advantage there was
only in 93/94. The positive role of mulch cover is clearly
demonstrated in Table 1 in section 4.3 where most of the most
erosive rainstorms of high iIntensities appear to occur within the
first 36 days of crop development, resulting in high soil loss and
runoff when soil cover is low (Table 2). It can therefore be
concluded that soil erosion control by mulches from the hedgerows
is necessary as long as crop cover alone is low and insuff .c.ent to
provide enough protective soil cover during the initial stage., of

crop development. In the long run this will also show to result in

getting sustainable yields.
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5.1.3 PAR (%) interception.

AS can be seen from tables 21 23 In ,#ctlon 7 .. fro.

the review table 5.2, alley cropping resulted In higher PA*
interception at the crop/tree Interface than in the middle row* of
malze In the alley In the sxnna/«aire systems (H*H; MH). For the
maize/grass Systems the row of maize next to the grass Intercepted
also more PAR than the middle rons (Tables 21. 23 and 5.2). Table
5.2 shows also that PAR interception was on a representative day 54
+ 5% for C. 4V, H3+V HI-M and full G-M treatments, but was higher
in HI+M and H2+M as well as lower In H2-H and H3-H treatments for
maize in 1994. In the 1995 maize season the situation was that C.
+M, H2+#M. H3HM, H2-M, H3M, GM. G3-M treatments had PAR
interception of 59 #% while in all interfaces (HI+M. HI-M and GI-
M) intercepted PAR was about 15 to 201 (absolute values) higher.
The difference between G-M results of these years was due to the
grass cutting at 48 DAS of "%. The year 1995 was wetter compared
to 1994 (Table 5.2) and this resulted overall In more crop growth

and more PAR interception and therefore more grain yield In 1995

than in 1994 (Table 44).
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N.B. 1In 94/95 only interface measurements and thelr separation were
made as well as measurements at 2 m away from the trees but
measurements at 1 m from the hedges were only used for analysis

purposes.

Tables 24 and 26 show that light use efficiencies were not very
different between these two seasons, with a slight tendency for
1994, i1n which less total PAR was received, to be higher, but
everywhere within the measuring accuracies. Differences iIn LUE

between treatments were due to competition differences as discussed

in section 4.7.6.(d).

Because the PAR interception was similar in HsM and H-M iIn 1995,
there must be differences iIn maize yield which cannot be exp.a-.nd
on the basis of PAR iInterception alone. It can hence be concluded

that the presence of mulch In the H*M treatment accounted for the
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that the presence of mulch in the H+M treatment accounted for the
difference in yields, most [likely particularly by runoff
suppression under the higher rainfall conditions (table 5.1), ae
already mentioned earlier in this chapter. The sole ealse in C end
oM treatments had higher grain and biomass yields than the AP and
G-M treatments, although they had intercepted less PAR than the
interfaces of the latter plots. This can partly be explained on the
basis of the sole maize (4 plant) being better than the
maize/senna (C4+C3 plants) or maize /grass interfaces in the use of
intercepted PAR as shown in table 24 and 26 in sections 4.7.6 (@)
and 4.7.6 (c) respectively. Competition for growth resources

however also lowers LUE.

As shown in table 5.2, PAR % interception was very similar in C
and +M treatments also in 92/93, 93/94 and 94/95 cowpea seasons,
with clearly more PAR interception iIn wetter seasons. In 92/93, for
the representative dates selected, PAR interception was 75 t 5% in
c, +M, H2+M, Ffull H-M and GI-M, while higher in HI+M and H3+M and
lower in G2-M and G3-M. This is rather well in line with the grain
yield picture of this wettest season. There was more grain yield In
the H+M than 1in other treatments and lower grain yield in G-M
(Table 43). Contrary to the other years i1t was the H+M plot that
was closer to the C plot than the +N plot 1in biomass yields,
because of earlier mentioned negative mulch factors that also made
them similar to H-M and G-M. In 93/94 PAR interception on the

representative day was 48 = 4% for all treatments, apart from the
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interlaces in H+M, h-m and G-M. 1t can be aeen from table 41 that
therefore competition for light, water and nutrients was the grain
and biomass yield determinig factor, with an additional positive
soil moisture related effect in mulched plots. For 94/95 season,
there wns no difference in PAR interception among C and +M
treatments and H+M and H-M 1interfaces (90 1 3%), with the G-M
interface lagging behind by 10% (absolute) PAR interception (Table
5.2), because of stronger competition by the grass. The C and +M
treatments had higher grain and biomass yields having intercepted
equally high or higher PAR compared to HtM, H-M and G-M interfaces.
Competition for water and nutrients therefore determined relative
grain and biomass yields but with relatively high PAR and high PAR
interception and less negative rain and soil moisture effects that
must have spoiled the wettest season for C (grain mostly) and +M
plots (Tables 5.2 and 43). The high soil loss figures for all but
H+M and the differences iIn runoff show that the higher yields in
94/95 for C and +M plots must be considered unsustainale in the

long run.

Table 25 on light use efficiency (LUE) shows that there were no
substantial differences in LUE among the five cowpea treatments.
The LUE for cowpea, as a C3 plant, was appreciably smaller than for
the C4 maize. The grain and biomass yield differences between the
treatments are therefore not due to any light limitation™ in the

94/95 season but due to competition for other resources, 1iIn this

season particularly nutrients.
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5.1.4 Soil moisture.

Referring to Table 3 in section 4.5.5 on 1994 long reins weekly end
seasonal soil moisture storage, for e seeson of below everege
rainfall but not an extremely dry one, it wes found that the C end
oM treatments had relatively higher moisture storage levels when
compared to AF and G-M treatments. The low moisture reserves in the
AF and G-M plots must have been due to a combined soil moisture
extraction by both the raaize/senna end gress/meize systems coshered
to the sole maize moisture extraction in the C end +M treatments
respectively. The high weekly moisture storages in the C end +M
treatments (Table 3) correspond to relatively high grain yields in
C and +M treatments compared to relatively Ilower weekly soil
moisture storages in HtM, H-M and G-M and correspondingly low grain
and biomass yields iIn these plots (Table 44 in section 4.10.7 (b))-
In these cases total biomass pictures (including hedges and grass)
and WUE have also to be considered (Table 27). The maize grain and
maize biomass yield as well as total biomass yield m the H+M
treatment were relatively higher than in H-M and G-M, although it
had relatively lower total moisture storage, because of the water
being differently used, that led after all ro a higher total wat”.
use efficiency of the HtM plot (Table 27). This cannot be due to
mulch alone, as the +M plot had a lower water use efficiency than
the C plot for the same yields. Without knowing differences in the
rooting pattern produced by differences in soil moisture we can
give no answer to this question. However, it is clear that the H+M

rooting system for maize has been formed iIn much drier conditions
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than any of the other crop#. * negative effect of eulchin,. on
water use efficiency but not on yield# eu#t have been eore then

by a positive one causing or caused by lower aolsture

contents throughout but particularly in weeks 1-7.

ta1 the above anomalies in +M and H+M treatments admitted, sole
maize (C4 plant) 1in the C treatment was more efficient in the use
of water (WUE) than maize/senna (C4+C3 plants) or maize/grass
(C4+C4 plants) systems. The maize/grass system had Qlower WUE
although both grass and maize are C4 plants# because of the

severity of competition for water, Qlight and nutrients.

In the 94/95 cowpea season# which was wet# as shown in Table 4 in
section 4.7.6 (b)# the C plot had relatively higher weekly soil
moisture than the other treatments almost throughout# to which
match a highest wateruse efficiency (Table 28) and high total
biomass (Table 28) aswell as highest grainand biomass yields
(Table 43). The H+M and H-ll treatments had fluctuating but rather
similar moisture storage levels# with the *l and G-M treatments
having also similar moisture storage levels. 1In the case

they were rather fluctuating over the season# while G-M wa.i lower
than +nm early in the season and later in the season but +M
inbetween. A  further <check on the WUE 1in Table 28# section
4.7.7. (b)# shows that the H+l and H-I treatments took rather
similarly more water for their transpiration needs (Tr) compared to

the C and +M treatments# with G-M more than r and rather t
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eH. This resulted in lower WUE in these treatments then 1in the C
treatment with the exception of +H, treatment which wee not eny

better than the AF treatments and only slightly better then the G-M

treatment.

When the data of Table 4 are compared with the grain yield values
in Table 43 and the WUE and total biomass yield figures in Table 28
for Ht-M, H-W and G-M treatments, the correspondingly lower grain
yield values, because of competition for growth resources, showed
little differences between H+M and H-M, that also had similar total
biomass yields. For G-M, with lowest WUE that only differed 10-15%
from the others, Jlower cowpea and total biomass yield but somewhat
higher grain yield than H+M and H-M, only comparison with eM is
interesting. The +M treatment had higher cowpea grain and biomass
yields but rather similar total biomass yields than the G-M
treatment although they had similarly Jlower soil water y*r;iag«*
values in the early weeks and generally somewhat Ilower than the

plot. This was of course because of competition for nutrients and
light between cowpea and grass, while the two systems had n ;
different (15%) WUE. This similarity will not necessarily have
applied to all parts of the season. Reasons Tfor the Jlower wue

compared to C may again have been root systems.

For the 1995 maize season, the picture drawn from Table 5 in
section 4.6.7 shows that the C and (to a .omewhat lesser extent) *M

treatments had relatively higher seasonal soil water storage than
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the H*N, H-N and G-l treatments, with the G-H in the middle between
h*n and +M- The AF and G-m* treatments transpired water |less
efficiently from the soil profile compared to the C treatment
(Table 29) because of the presence of hedges and grass. Toi

biomass 1is however highest in H*M, almost 1identically lower 1in C,
¢l and H-W and lowest in G-ll, while maixe grain and biomass yields
are higher in C and +M and decreases in the sequence H*M, H-M, G-
M. The picture 1is therefore almost identical to that of the 1994
long rains maize season, particularly in the explanation of the H*M
high yields (root system formation 1in earlier weeks) and WUE and
the low WUE of the +M plot, be it that the soil moisture conditions
were even better in 1995. This made, WUE’s higher, except for the
G-M, making the effect in H+M smaller, falling well below WUE of

the C plot in 1995, but producing the highest biomass.

So sole maize (C4 plant) in the C plot was better in the use of
water for biomass production than H+M (C4*0) plants), H-M (C47C3
plants) and G-M (C4+C4 plants). The 1low values of Tr (but the

plot apart, the 1994 values were even lower) for the Ffive
treatments in Table 29 also show that except for the *M treatment
which had the highest Tr value, the C plot transpired the lowest
amount of water (among the relatively low values in comparison with
the cowpea season) compared to rather similar H*M, H-M and G-M
treatments. With the above *M exception, therefore, it can be again
concluded that the sole maize (C4 plant) in the C treatment was

relatively more efficient than the maise/senna 7 J PIArits
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maize/grass (C4+C4 plants) systs.s in th. us. of -at.r.

5.1.5 Near soil surface temperatures.

As concluded in 4.8.8, on the whole weekly average eoil
temperatures at 7.5 cm depth remained below 28# and above 10“. For
germination the lowest temperatures may therefore have been
suboptimal, at least for maize (Van Wijk and Derksen, 1966),
somewhat negatively influencing germination under mulch as well as
in places heavily shaded by the grass strips and under combination
of hedgerow shade and mulch. For mulch this effect siay only have
been serious for maize in 1993, that however mostly suffered frosi
drought. For shade the effect is additional to PAR interception by
hedges and grass and competition for water and nutrients so
difficult to assess percentually. There is no negative temperature
effect for cowpea grain, as concerns mulch, for it is only in the
94/95 season out of the three cowpea seasons when grain yield was
somewhat (15%) Jlower 1iIn +M treatment than 1in C treatment (Table
43). Apart from earlier mentioned early soil moisture low levels,
the high wetness may also have been 1involved here more more 1in
decreasing biomass yields, through effects on rooting systems or
other factors we have not been able to quantify. It is 1in the two
wet years that cowpea biomass is lower in *M and the same applies
to total biomass in the year WUE was determined. This must be for
the Ulargely ununderstood reasons, where temperatures may not be
expected to be very much involved in such differences, but lower

temperatures may be an additional factor in growth suppression.
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5.1.6 Soil erosion and runoff losses.

As can be seen from review table 5.1, all the treatment! 1including
the C treatment, 1in the 93/94 cowpea season had soil erosion rates
below the stipulated T value of 5 t ha1l for the region. Runoff fro*
the C treatment was only 3.41 of the total seasonal rainfall and
therefore of minor importance for crop production. The grain yields
from the AF and G-M treatments were depressed compared to those in

C and +M treatments (Table 43), but soil erosion/runoff losses were

not involved.

In 94/95 cowpea season, except for the H+M treatment, soil erosion
rates were above the T value 1in all treatments. Although the C
treatment without any erosion control structure had the highest
soil erosion rate of 60 t hal, it showed higher cowpea grain and
biomass yields compared to the other treatments (Table 43) but
total biomass was rather similar to H+tM and H-M plot results “Table
28). In section 5.1.4 we have suggested a low WUE, next to early
low soil moisture values due to inefficient evapooration of
intercepted light rains most likely caused by wetness, possibly
through root growth, to be involved. The most effective structure
in both the control of soil erosion and runoff was the combination
of hedge and mulch (H+H) in the H+M treatment (Table 5.1). This did
not result in higher grain yields compared to the C and *M
treatment (Table 43) because of competition between cowpea and
senna for growth resources. It can therefore be concluded that the

benefits of soil erosion control are for the time being masked by
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the competition effects of the hed9.r0,. (Md 9™ . _crip.) wUt
the cowpea crop, if the biom... Of the h™igea 1. not uken Into
consideration. However, the reaulta of thi. ee__on point to a
future in which sustainable (lon) yield, are obtained in H.M whil.
the J hel plo*" de9rade further. The very high .roalon rate, beyond
the stipulated T yalue for this region iIn thi. a.a.on can l.ad to

loss of soil depth and constrain crop production in the long run.

Soil erosion rates and runoff were quite high for this season
because most of the high intensity erosive rainstorms occurred
within the first 30 days of the season (Table 1), when crop cover
was still poorly established (Table 2) , and because of the damage
of the crop cover development by the cowpea disease iIn this season.
The proportion of rainfall lost as runoff this season was just
above 10% . This must have had little effect, since this was an
above average rainfall season, but must nevertheless be considered

high compared to other water losses.

As can be seen Tfrom Table 5.1, soil erosion rates for the 1994
maize season were below the T value in all treatments except for
the C plot. This was an indication that mulch in the #V, hedge and
mulch in the H+M, hedge alone iIn the H-M and grass alone in the O-M
treatments were effective In erosion control. Despite this erosion
control effectiveness In these treatments, the accompanying grain
yields were lower than in the C and HV treatments (Table 44), but

for the H+M treatment total biomass yield was similar to that of C
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and ofF ( 2/). Again the advantage* of H»M soil conservation
are shared 1 hedge and crop (here maize) and maize grain and
biomass yields are lower than in C and but higher than in H-M

and G-M The C plot must loose over time.

in 1995, except for the C and H-H treatment™, which had erosion
rates m excess of the T values for the region, the "H, H»M and O-M
treatments ei festively controlled erosion to below tolerable rate*
(Table 5.1). The H+m was notably again the most effective In
erosion control of all the treatments. Table 44 show* that the AP
and G-M trea” n*nits had depressed maize grain and maize biomass
yields when compared to the C and oM treatment*. However, total
biomass yields in H+m was largest of all and those in C, oM and
even H-M 10-15% lower (Table 29) . The reasoning applied above holds
again. |If total biomass is valued, the H*M soil conservation is
already showing its importance, that can only grow over time. Any

possibility to diminish competition of the hedges will increase the

conservation benefits.

From table 51 it can also be concluded that except tor the

cowpea season, when rainfall was well above average (%49 rmn , and
mulch rate carrainly below optimal (1.3 t hal), mulch rate* of
about 2 t hal in the +M treatment, iIn other seasons, wer« very
effective in the control of soil erosion. It can therefore be
recommended that farmers use this mulch rate, which is obtained

from the exisii g senna hedgerows, for the control of soil erosion.
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In Table 1 on the analysis of rainstorm, It is shorn that most of
the erosive - storms occurred iIn the first 36 days iIn the four
rainy seasons. This was when the crop cover had not reached the
optimal 50% required for effective erosion control (Tabla 2) . Hence
the use of the recommended mulches for the interception of erosive
raindrop impacts and reduction of soil erosion. In a very dry year
mulching had a negative effect on maize grain and biomass yields,
while negative effects were also recorded in wet years of cowpea,
for biomass in both cases and for grain only 1in one. We have
forwarded the possibility of soil moisture influencing root
development for the wetter years and iInterception of scarce early

rainfall for the driest year.

5.2. Contour hedgerows as soil and water conservation method.
5.2.1 General

We want to group some of the above once more under the direct
treatments. As shown in Table 5.1, contour hedgerow barriers with
additional mulch cover (in HHV treatment) on steep slopes were the
most effective biological structure iIn the control of soil erosion.
This was clearly depicted in all four seasons in Table 5.1, when
soil erosion rate remained below the T value of 5 t ha for the
region. The H+M treatment was also the most effective iIn the
control of runoff in all the seasons shown in Table 5.1. This
effectiveness in erosion and runoff control was only partly
reflected in total biomass yields in the years iIn which WUB was

determined (Tables 27-29) . In the long run and when soil fertility
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can be kept up, sustainable (but lov) yield* nay be expected with
the excepr ion of very dry years such as 1993, when disadvantages of

mulch strengthen the competitiveness of the hedges

When or. ou,, h igerows alone are considered, they reduced soil
erosion to tolc = the T value In two seasons out of four (of which
two there was one of near average rainfall and of below that
valuel Thej were the least compared to M, H»M and O-M treatments
in terms of runoff control effectiveness (Table 5.1), also iIn drier
years among the Tour measured. When compared to H*M treatment, the
H-M treatment had lower to similar cowpea grain and biomass yields
and the one year we measured WUE it points into the same direction
for total biomass (Table 43; Table 28) . The same 1is also true for
maize gr?in, maize biomass and total biomass yields as shown 1in
Tables 27, ai d 44, where only the driest maize year, 1993, gave

similarity in maize yields (total biomass data not available for

1993) .

As for the G-M treatment, the grass strip barrier wan quite
effective in the control of soil erosion, being second to the H.M
barrier, for it was only In one season out of the four eeasone when
the T value was beyond the tolerable rate (Table 5.1). In term* of
runoff control effectiveness, only in two seasons out of the four
seasons was G-M second to H.M treatment, be i1t that in the three
drier years of Table 5.1 it was close to >M. In the wetter year It

was better in soil loss prevention than iIn runoff reduction
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compared to +M, although better in both cohered to H-H <T*ble
5.1) = This effectiveness in troslon control was not reflected in
cowpea grain yields, which were even lower in G-M treatment than in
H-M treatment, except in the 94/95 season when the yields were
relcit ® e. . higher. For cowpea biomass yields G-M was lower than or
similar to H-M. in total biomass it was always lowest* for cowpea
as we** as T maize crop conditions. The situation for maize yield
was that G-M treatment had similar grain and biomass yield as the
H-M treatment 1in 1994 but in the 1995 season H-M values were
higher. In the driest maize year, the very low yields were higher
in G-M and the biomass yields also, but close to similar. So
roughly H-M and G-M had more or less similar yields with the
exception of 1995 and biomass as well as the total biomass in all

years covered.

Except for the -4/95 season, when the mulch rate was below optimal
(1.3 t hal) and when there was soil loss of 40 t ha", mulch rate at
optimal quantities of 2 t ha" effectively kept soil loss below the
T levels (Table 5.1). Mulch was ranked second or third after

and/or G-M 1in erosion control (soil loss and runoff) effectiveness,
except this 1994/95 when it was among the worst in soil loss. When
this is compared to cowpea grain and biomass yield advantages in
Table 43, grain yield was higher in *M than in treatment in the
wettest and driest year but not in 94/9S -hen C had some-hat higher
grain yields than *M. For cowpea biomass yields .M -as highest in

the driest average rainfall year but in the two -et years it -ae
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lower than C, in the wettest year 92/93 even lower then and
similar to H-M and G-M. In 94/95 (Table 28) It was among the two

lowest iIn total biomass yield because it had no additional hsdgmte

The maize grain and biomass yields iIn Table 44 and of course the
total biomass yields of Tables 27 and 29, which are similar to
those in Table 44 for C and HM) show that the treatment did not
have any vyield advantage over C treatment and was worse in the

driest year (1993).

The conclusion reached here is that the effectiveness of mulch in
soil erosion control and runoff control are with the exception of
94/95 soil loss rather good for the former and rather average for
the latter. The yield benefits of mulch over control are irregular,
which 1is thought to be due to differences in water relations,
directly or indirectly. It is therefore H*M treatment that appears
most recommendable, apart from the driest years, with an Important
economic use of other products preferably compensating for the

lower but sustainable yields in the long run.

S.2.2 Hedgerows with crops but without mulches.

From fig. 4.101 in section i‘gTO :E is most claarly shown that

R at the hedgerows then et 1 or 2
more runoff water 1iIs concen

u The yields per row for maiie ere eleo higher
m away into the alley- Th vy

CIO--- tO th_ “ « ! | e a”ru (1] cc
(4.146. ..'« «« *»
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of runoff water, soil particle, and related nutrient, at the
contour hedgerow barrier must have helped in the better development
of the ma”ze crop and resulted in higher yield, near the hedgerow,
be 1 1 % driest year and the driest of the near average
years of rainfall, yields of the H-H plot, were still appreciably
lower and allso still 1lower in the wettest year than C and eM
yields. It ran therefore be concluded from this point of view that
contour hedgerows without mulches led to some soil and water
conservation and enhanced maize grain yield, at the row. next to
the hedgerows with respect to what they would have been with only
competition and no additional inputs. On the whole, the soil and
water conservation benefits are even more masked because of the
yield depressions in the middle rows due to higher competition
between maize and senna and less additions due to the hedges, if
any, as shown in figures (4.146, 4.152 and 4.158) and Tfinally in
total yields 1In Table 44. As we have stated earlier, the tot.lI
biomass picture is very different. In 1995 it was among the highest
and only clearly lost out to H+M in total biomass, while in 1994

was 25% lower than C, +M and H+M but 251 higher than G-M.

Higher yield depressions for cowpea were found in the row. next to
the hedgerow, as shown among others in figs. (4.149) and (4.155),
and as to their contribution to biomass yields finally in table 43.
It can therefore be concluded for cowpea that the soil and water
conservation benefits of the hedgerows are counteracted by the

yield depressions from cowpeas/senna competition. However, 1IN 94/95.
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the drier of toe wettest years, for co-pea. the total blo»aa,
picture was very different (Table 2*), the H-M treetaent scoring as
the C plot and better than the *M plot

5.2.3 Contour hedgerows with crops and mulches.

As can be seen in fig. 4.100 in section 4.5.10 for the maiz* crop,
the mulch and contour hedgerow barrier concentrated runoff water,
soil particles nd related nutrients at tha barrier mors than at 1
or 2 m from the barrier into the alley. This contributed to yield
increases at th- rows of maize near the hedgerow compared to those
in the middle of the alley (figs. 4.145, 4.151 and 4.157 in section
4.10) . Overall yield reductions in H*M treatment compared to C
treatment nevertheless remained, as shown in Table 44. Fig. (4.145)
shows in fine structure that for the driest year maize yield totals
remained Tfar below sole crop plots. 1t cams abovs half in tha
driest of the wetter years (fig. 4.151) and the yield totals for
maize grain and biomass came rather close to those of the 0OI* crop
plots in 1995 (*:ig- 4 .157). For the total biomass yields JWM was

the highest in 1995 while it was among the highest in 1994 (Tables

27 and 29) .

As Shown in figs. (4.148 and 4.154), cowpaa yield* «*r* *g*1"
generally depressed at the rows near the hedgerows, with exception*
occurring in the biomass for some rows in the drier of the wectest
years, although moisture and perhaps nutrients -ere concentrated at

these points. For 94795 we concluded at the end of aection 5.1.3
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that iIn this year competition for nutrients caused ths (relatively

smaller) differences, while for 91/94 this was competition for

light, water and nutrients.

Tablj 5.3. Review on soil evaporation expressed as a percent

of total rainfall

Treatment
Season C oM H+M H-M 0-M
1994 66.3 57.5 56.5 62.6 64.3
1994/95 50.0 46.0 45.5 48.5 49.5
1995 49.0 43.0 42.5 46.0 46.5

When a comparison was made between the water loss via runoff in
revie Table 5.1 and water loss via soil evaporation iIn review
Table 5.3, it became evident that soil evaporation for tha maiza
as well as the cowpea crop, although somewhat variable, was
comparatively larger. Runoff was a relatively small factor (Juat
more than 10% for the worst case In the -tta.t ya.r. -h.n compart
to soil evaporation* which is taking between more than 40% and up
to 65% £ the total rainfall (Table 5.3,. «ven when our

taicrolysimeter has overestimated soil evaporation aon-what, thi.

statemeni: remains true.

5 2.4 Grass strips with crop, and without mulches.

B tig. 4.102 1In section 4.S5.10, runoff water. soil
As shewn 1in
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particles and related nutri.nt, w*r* vary .uch conc*Btr.t*d at th*
grass strip and this dacraasad toward, tha cantra oftb# « MM
alley. At the same time, £igS. <4 .1<7. 4.1SJ and 4.159) for tha
maize crop showed that grain yi*ld« ware far aor* dapraa.ad near
the grass strip than at 1 and particularly than at 2 m trom tha
grass strip. The concentration of inputs by tha grass strip barrlsr
at the grass strip does not or hardly benefit the crop near it
because of severe competition for water, nutrients and light
between crops and grass. Only the Biddle rows cobs closer and
closer to higher and higher yields with increasing rainfall. In the
driest year overall yield comes not further than less than half the
low mulched plot yield. In the wetter 1994 it is Just under half
the much higher yields in the +M plot, and aore or less the seae
is true in the wettest year, with the highest yields and a bit
lesser percentage of them. In the total biomass picture G-M is the

overall looser.

This yield depression is also witnessed in cowpea in figs. (4.150
and 4.156) in section 4.10 and finally in the total cowpea yields
in Table 43. The pictures look a bit like the normal distribution
in statistics, with averages for th. G-M plot, for cowp** gr.in
being just over half that for C plots (with th* *xc*ption of th*

driest year, when they are similar) and for cowp*. bio.... on

average jjJSt Abelow that, -{H {HS Btal biomass picture it loses

Heavily, with the exception of {HS ’M BIOt’ from which it loses

narrowly. The concl’usi‘&r QFQWH TFSFH this picture is that whereas
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grass scrips conserve both soil ad i i
through their barrier

effects, these Dbenefits are im.it

crop row next

to the grass strip, for our results show that very little yield IS
obtained by keeping this rov, particularly In the wetter years. The
diffeienc.e of that row with the highest row yields Is no much
highe_ tnan thau of the next outer row and as both grass and
cowpea. and of the latter both grain and other biomass, ara used.

it may nr be worth the trouble.

5.3 Mulch and evaporation from the soil

Mullch benefits of soil evaporation are shown in review Table 5.3.
The review table shows that mulch somewhat reduced soil evaporation
in the mulched plots (M and HHM) treatments compared to non
mulched plots (C. H-M and G-M) respectively. ITf these soil moisture
conservation advantages of mulches would have been higher, they
could have partly been responsible for the general yiald advantages
of h+M and +M treatments over the H-M and G-M treatmsnts (Tables 43
and 44) . However, the differences are too small (<104) to have any
but small effects. The largest difference is smaller than 41 of the
1994 rainfall (<lIOmm), a bit more than 31 of the 1995 rainfall

UIOmm and a bit more than 2% of the 1994/95 rainfall (about

12mm), the last one iIn a wet year.

469



5.4 Consequences of on-farm result* and thelr connection

wit.! on-st-1lion results for TArmIng/cropping lyittei in

Eastern Kenya.
A dilemma faces the farmers in semi-arid Kenya who Tfarm under
limiting water availability for crop and pasture production. The
semi-arid areas were initially meant for ranching and not for
rainfed agriculture. The migrating farmers who have occupied the
steeply sloping lands prone to land degradation had no alternative
for high quality productive land but to settle in these fragile
environments. The existing traditional soil and water management
practices have been employed over the past by the Tfarmers to
improve or. water conservation and soil conservation for increased
crop and pasture yields on sloping land. These conservation
techniques include structural method* of *oil and water
conservation, e.g. "Fanya juu" terraces, which though effective iIn
erosion control as shown through higher maize, sorghum and millet
yields compared to AF, control, grass stripe, trashlines and stone
terraces in Table 47, have been put up at high coete. The farmer
would therefore be ready to use any conservation technology ee

successful as "Fanya iuu” as long as it i. M > co.cly than the

existing ones.

, H» ni%e its advantages of development of natural
ey cropping, dedpite n-

Faces over t;\mmee w:{:ﬂ minimal costs, provision of mulches for

) . nd/or the provision of fodder for animal, during
Sion control and/or cn vy

. nn has the main disadvantage of competition of the
mdry season, has me
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hedgerows for growth resource, with the ...ociated crop. Thi.
results in reduced grain and blows, yield, (but often not 1in
reduced overall total biomas. yield.) in the already low crop
yields in the semi-arid areas. A, can be seen fro. review Table «».
thnere je~- cowpea grain yields iIn sanna/cowpea system of the iam
magnitude on-farm and on-station, whila tha cowpea biomao# yiald
of the system was higher by 0.6t halon-atation than on-farm. Tha
same table shows that cowpea/grass systams rasultad in reducad
grain yields both on-station and on-farm, with more yiald on-
station. The F/juu terrace cowpea systam on-farm had mora grain and
biomass yield than the sole cowpea, sanna/cowpaa and graas/cowpea
systems on-farm. There were even grain and biomaaa yiald
differences between the on-station and on-farm controls, with tha
former showing more grain and biomass yield than tha latter.
Table 50 for on-farm maize yield shows that tha maize grain yields
were similar in AF treatment, grass strip and control. This lack of
difference in grain yields may be due to tha fact that tha grass
strip and the hedgerows had been heavily browsad by livastock in
the previous dry season. This table also shows that there was
somewhat more maize biomass yield In the senna/maize systam than in
sole maize or maize/grass systems. When these yields of about
ha*l were compared with maize yields from Katumani rasaarch cantra
(e.g. Nadar and Faught, 1984b) and ICRAF r....rch .t.tlon (..,
Howard et al. 1995), grown on slightly sloping land and u.in,
fertilizers, of over 3 t ha" they were found to be appreciably

lower. Furthermore, comparison of ».i*. flr.in yield, on-.t.tion .nd
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i. review ,, bl« N im
,»In yields were .11 e,,, N

biomass was higher on-station »v,,n R R
than on-farm in aole maita and

Senna/maize systems but similar in th. ,r.../ m Ih sy.t... There
were gram and biomass yield reduction. resulting fro- th. u.e of
Senna/maize and grass/maize systems in both years on-station while

percentually and absolutely these difference, ware ...11.r on-far-

for grain and very much smaller for biomass.

From the on-farm yield data on both cowpea and aaixe as shown in
Tables 45, 46 and 47, the F/Juu terrace* sometimes to a somewhat
less extent stone terraces and occasionally partially the traah
lines show a clear cut advantage on yields when compared to the
Senna, Gliricidia, Leucaena Or even the Panicum maximum grass
strip, basically because of lack of competition for weter,
nutrients and light iIn the ™"Fanya jJuuM, stone end trashline
terraces, the Ilatter building up to a lesser extent. These date
show that the soil conservation techniques used by the farmer, with
the exception of the grass strip, conserve soil and moisture and
enhance crop yields. The agroforestry techniques of soil erosion
control and moisture conservation using tree shrubs are quite
effective 1In erosion control, especially when co-bin.d with mulch
(Table 5.1). The on-farm results also confirm that th. -m)or
drawback with the use of agroforestry es erosion control end water
conservation structures is yield depression, resulting from tree,

that form relatively low amounts of biomass but mr. still co-peting
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with the issociated crops In semi-arid , of limiting rainfall.

with already low crop yields. Because of cte yield <tapr..aio.. our
hypotheses "that alley cropping with on-surface filching
sufficiently conserved <oil, til water and soil fertility to
obtain y .elds that will not decline over time under egual soil
water coi ditions” will only aoply In the long run to H*H plots like
ours. A comparable statement for mulch or barrier alone appears to
have limited application iIn the cases of &, H-M and O-M treatments
in our system under our conditions. The soil loss and runoff are
substantially controlled for soil and water conservation and the
microclimate improved, via the use of hedgerons and mulches iIn H»H,
and crop yields, ihough perhaps at a loner level, can be sustained
in the long run. If an H+M System would be used iIn Hachakos for
twenty years, soil loss would be negligible or extremely low (Table
5.1) . Th  ater + inputs fron the water (soil psrticles and
nutrients") + inputs from the decomposing mulch would guarantee a
minimum fertility, somewhat Fluctuating but not deteriorating,
againsr. the competition that, averaged over sevarall year*, would

guarantee total biomass yields of certain laval, including grain

yield:;.

A compromise may therefore be necessary, In order to accommodate
the issue of reduced crop yields with the u.a of allay cropping,

between the advantages of erosion control from hedgerow barriere

and mulch obtained fraf the rlllt?edagerONS and the provision of for

exanple fodder for R Qﬂ“fn’?é‘fg or other ecnomic use of course. When
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the hedgerows are partly pruned prun,d f#r NN ek

contribute less to soil fertility ad erosion protection through
BUlch, but the hedgerows help build upMtinl contour b.rn.re for
erosion control without extra ©co.t end w.t.r particles end
nutrients are redistributed. Howmever, always, so auch aulch should
remain to keep T below the acceptable level, for our elopes end
soils this level appeared to be about 2 t ha". The most suitable
hedgerow trees will therefore be those with highest output, Tfor
which water and nutrients are obtained from lay#: awith leas* r»ota
from the associated crop(s), and of which the prumnga «« ah ;wir.g
highest protection against soil erosion, highest contribution to
soil fTertility and highest nutrinational values for those amounts
that may be used for fodder or highest other values (or other
economic purposes) without jJeopardising soil protection so much

that values of soil loss and runoff become higher than tolerated.

5.5 Weather advisories

From the total figures on rainfall and thair dlatributlon (figa.
4.1-4.6) on-station, two of the rainy aaa.ona had rainfall balow
average. Out of these two seasons, 1993 was a raal crop fallura
With very (low yields) while 1994 r.sult.d in ju.t r.th.r low grain

and biomass yields as shown in Table 44. From tha aix ....on. of

B ; B upr. wetter and more reliable
on-station study, the short rains wgr.

than the long rains. Sinte Kafymani raas. would do b.tt.r with «or.

rain (Table 44) than cowpea %‘8 43), which is prone to disease

e .. ig advisable that maise 1is
attack under very wet conditions, it 39 8a'u
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grown during the short wetter end sore reliable eeeeone end cowpee

is grown iIn long rains with less relnfell.

The rainfall data fron on-farm research ere rather poorly Kept
because of the lack of a systematic way of rainfall data
collection. It was difficult to get rainfall data for the short
rains of 93794 and the log rains of 194, although yield data
showed 93/94 was a good season, while crop failure was recorded In
1994 . From the four years of yield data patterns and from the
available rainfall data for the short rains of 94/9S and long rains
of 1995 on Kakuyuni catchment, it appears (from this "‘time limited
on-farm study) that rainfall fails on average something as one out
of every two seasons. This confirms why govermment famine reliefs
are a common feature In this area. Our observations show that 1994
was an outright crop failure while data on rainfall In g. = «
and yield data in Table 47 show that 1995 long rains were a near
crop Tailure 1f the poorly distributed rainfall -a. not
supplemented (water harvesting) with rain water from road, and us.

iIT no drought tolerant crops had been used.

It is therefore advisable to the farmer, to plough early and plant
early, following scientific method, developed to determine
appropriate planting times or being -In time- advised on such daten
by an agrometeorological service or advisory team operatin-
regionally (Onyewoti, %6) This is In order to take advantage of

, . 811; rainfall and reduce the chances of a crop
the early showers r
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failure when the rainfall i. after all below average and poorly
distributed over the seasons. Parsers are further advised to sake
use of drought tolerant plant cultivars that have been specifically
bred and tailored to give reasonable yields under limiting rainfall
conditions. Because the aim is to minimise soil and water losses
and maximise use of the limited rainfall, farmers on sloping land
are advised to continue to (i) make use of appropriate tillage
techniques which enhance water infiltration, (ii) use water
harvesting techniques from external catchments such as roads, which
increase water available to the plant, (ill) use soil and water
conservation structures, including AF with promising trees, which
control and reduce soil loss and water runoff and retain soil as
well as water for use by the crop. This may make the on-farm
productivity sustainable. In this thesis it was shown on-station
for maize yields (table 44) that the H+M treatment can be sustained
in the long run. This has been shown elsewhere as the case (Nelson
et. al. 1997 ). The effective reduction of soil loss by the H™H to
below T value over the seasons and the water conserved resulted in
accompanying sustainable maize grain yields of upto 2 t ha (table
44). For example compromising between the use of sufficient mulch
from the hedgerow for soil and water loss control and loss of some

yields through AF cometition may in the long run be accetable to

the fTarmer.

The estimates on soil evaporation .how that it fa a major factor In

the water balance equation, for it t.K.a a high parent.,, of tha

476



Umited rainfall in the semi-arid area. (Table 5.3). The study elec
shows that mulching with senna biomass affordable/available |s eon
of the time effective 1iIn reducing .oil erosion and runoff (Table
5.1)/ but not evaporation. Parsers are advised to sake use of any
technique, such as the wuse of biomass milch, windbreaks,
"artificial”™ mulches, =zero tillage and self aulchlng etc. to
minimise soil evaporation without negatively affecting crop yields.
Positive influences on soil fertility from decomposing mulches or

other organic material may be an advantage.

Finally, proper making and keeping of rainfall records la advisable
in the semi-arid areas of Kenya. This would enable enable fansers
to get better sowing dates, to get an idea on the character of the
ongoing seasons and to plan and make use of creating (strategic)
food reserves during years of bumper harvests for use iIn years of
crop Tailures. This would reduce dependence on government Tamine
reliefs. Also the economic use of yields would Improve this way.

Our approach could be part of what Stewart (1991) called response

farming.

5.2.6 Further research

The Tfollowing 1is proposed for further r.s.srch particularly on

sloping lands, on-station as well as on farm.
i) root studies to (@ clearly s.p.r.t. below ground fro. above
ground competition, which was shown to bo crucial iIn this .tudy for

example for the hedges and for th. gras, strip, -h.r. co”otltion

477



between the hedge/%;/rass %g %Wg 8rop was vary savara; (b)

determine differences between crop rootin, p.tt.rn. .. . function
water. This may help iIn explaining the yield differences in
systems from differences in co-petition potentl.l, .. well e. .bed

more light on factors determining root distributions.

:i; 1identify more drought tolerant, lass competitive and higher
yielding treess/shrubs, preferably with an economic potential, for
use in the semi-arid areas, together with crop varieties suited to
the semi-arid areas as Senna competed rather heavily with the
associated crops for growth resources whan grown as a hedgerow,

reducing the crops vyields.

(iii) quantify (@ nutrient losses through runoff and soil losses
since erosion removes the top soil which contains plant nutrients
and can lead to lower crop vields; () nutrient distributions in
the field related to the water and soil conserving properties of

hedgerows; (¢) nutrient contributions from decomposing mulches on

the surface.

(iv) carefully monitor in addition to th. root .tudl.i, th. yl.Id
depressions on a per row b..i. for diff.r.nt tr.../crop
combinations at the on-farm level on sloping lands with a vl.w to

understanding better rooting and light compe* :e :onr,.

(V) study the "fixed" alley width of 4 « th.t has contribute to
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dlley croPP*ng technology Adoption nnd transfer.

However, the conserving properties may be expected to considerably
reduce at Hlarger width also because even lees aulch will become
available. Hence a need arises for research on appropriate width
and ploughing methods which will be compatible with the farsers
requirements of using oxen for ploughing and weeding to save on

labour but not necessarily with large spacing of alleys*

(vi) examine critically the method used to determine soil
evaporation losses, particularly during rainy and dry days when the
microlysimeters no longer represent the surrounding conditions,

because of the large portion of soil water used up iIn inefficient

soil evaporation

(vii) examine critically the sampling with ceptometers, at a higher
frequency and with more replicates iIn order to what is needed to
get a representative daily measure of PAR interception during a
plant®s growth period, also 1improving light use efficiency

computations.
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(viii) critically examine the way TOR soil moisture measurements
can properly replace neutron probe soil moisture measurements in
the top soil and determine the most suitable access tube density
for an appropriate averaging of soil moisture content by neutron

probe in an inhomogeneous environment as sloping alley.
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CHAPTER 7
APPENDICES
Appendix (3.1)

DIAGNOSTIC FARM SURVEY ON TREPATETRAL soil and mater conservation
TECHNIQUES AND ON GENERAL RIMTARS AGTIVITIES AT KACUNX CATCMDTT,

MACHAKOS.

Farmers name. ... .- ..
District. ... ... e

Location. .o oo oo e e e e e e eaee

(@ Size of the farm........... (ha)
@ When did you get this farm?...............
M Was the farm inherited from your parent*?._.........

(© Did you migrate to this place? if *o when did you

(d Do you have another farm somewhere e.se?
(© Who manages the other farm if the answer to Td) is ye*?

() State whether you possess a title deed to your farm.....

@ 1if not why?..........

() Do you own the farm with other peop.e"

(@ what proportion of your farm is under crop

production? ....(a)

(@ which crops do you grow on your far-

03



Appendix (3.2)

b List the cash crops on your Tarm
i“ist the food crops on your farm

(@ Do you grow the crops in pur. or . lIxtur..,

rotations?, state any other method of growing crops.

(e) State whether you grow enough food for your fee th
surplus for sale...........

(™ what crops do you plant during the short and long
rains? what reasons do you have for planting than Ilka
this?

(@ Estimate the yield for maize, aorghuma, millets, beans,
cowpeas, pigeon peas from your Tfarm.

@ What proportion of your farm is under liven* ©°

production?._......... (ha)

@ which animals do you keep on your farm?........

® Do you sell some of your livestock st certain times Of

(© When do you do this and why? .. ... ... ... .. ........
(d How do you keep livestock on your farm?.... state

whether you tether your animal* or they graxe and brow**

(4@ What do you prefer having on your F»n»?..... Llvmmtock or

Crops oOr both?

what are the reasons for your choice?



Appendix (3.3)

(5) State the main fanning problem* encountered la tbl* irM?

@ is .rainfall amount adequate for both livestock and crop
production?

(b) do YOU have sufficient farm input* such at fertilizer™,
manures, dipping facilities, labour and capital for
most of the seasons.

(C) state the marketing facilities for both crop* snd
livestock. Do you get good financial return* fro® your
farm produce?

(d) What food storage problems do you face on y<ur
What methods have you used to reduce the al ovn
problems?

® Do you have enough feeds for your livestock?

@® what parts of the year do you face feed* shortage for
your livestock?

©@ What solutions do you have the feed shortages?

(6) Soil and water management techniques

@ is soil erosion a problem on your t*rml

(b) what are the main forms of soil erosion?

(C) since you settled here how ha. the vegetation cover

changed over the years?....

- - Give reasons for thP
(@ Has it worsened or iImproved?

answer you give



Appendix (3.4

(© In order to tackle the problem of toil erosion,
mentioned in (6a) what methods of soil end water

conservation have you been using?

(1) cutoff drains...... (ii) gabions......
(iii)check dams......... (iv) fanya juu terraces.
(V) stone terraces.... (vi) trash lines.......
(vii) mulching .......... (viii) crop rotations.
(iX) intercropping..... (X)) early planting

(Xi) ploughing and planting along the contour
(xii) shifting cultivation............
(Xiil) water harvesting..........o.ooeoo....
(Xiv) grass strips and hedgerows—
(Xv) any other specify.........

(P where is soil erosion more serious?......
() grazing land...... or (ii) cropping land
what do you think is the reason for this?..

(@ Wwhich conservation measures do you have (i) on gazing

land and (ii) on cropping land.........
. . skills to use the conservation
(h) where did you acquire the
measures mentioned above...._._.
(i) from the chiefs baraza......
- if-tir livestock extension staff...
Giyfron agriculfuraiM
(iil) from neighbours ... .......

(iv) any other specify
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(D what benefits do you get from these conservation seesiirilT

() 1improved yields from both grazing and cropping lends

(i1) cash benefits..._.
(ii1) poles for construction purposes and fuel wood
(iv) shades/live fencing and as ornamental plar.M*
(V) any other specify
(j) can you estimate the cost of some of these conservation
measures?
(1) estimate the cost of fanya juu terrace constructlon/m*
(i1) cost of making trash lines.....
(ii1) ploughing and planting along the contour.
(iv) constructing check dams.....
(v) water harvesting........

(V) grass strips............

& Do you have trees/shrubs on your farm?
(i) Name the indigenous trees......

(i) Name the exotic trees.........
(O what benefits do you get from the.e tree.?..
(i, shade (ii) cash returns (iii) -Iches CM « » -ood

(V) fruits (vi) any other specify. o=
Which gee ™ - * m*»« « « ** 6romM««

ol the tree »m=*“=*  _______._.

507



Appendix (3.5)

D what benefits do you get from these conservation measures?
(@ i1mproved yields from both grazing and cropping lands
(11) cash benefits.....

(iii) poles for construction purposes and fuel wood
(v) shades/live fencing and as ornamental plants
() any other specify

(@ can you estimate the cost of some of these conservation
measures?

(1) estimate the cost of fanya juu terrace construction/m2
(11) cost of making trash lines.....

(ii1) ploughing and planting along the contour....

(iv) constructing check dams......

) water harvesting.........

(1i1) Name the exotic trees.........

(M what benefits do you get from these trees?..
(@) shade (@@i1) cash returns (iit) mulches (v) fire wood
() fruits (vi) any other specify---

Which government ministries/ organisations brought some
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Appendix 4.1

Table (1) Average seasonal soil moisture (cmxmJ) ranking for the
92/93 rainy season

Treatment Ranking

C 0.26 A Measuremeint
0.23 CDE 2
0.23 CDE 3
M 0.20 BCD 1
0.25 BC 2
0.25 BC 3
H+M 0.25 BC H+M1
0.22 DEF H+M2
0.21 EF H+M3
H-M 0.21 EF H-MI
0.22 DEF H-M2
0.20 FG H-M3
G-M 0.28 A G-Ml
0.18 G G-M2
0.18 G G-M3

The figures- followed by different Iletters are statistically
different while figures followed by similar letters are not.

Table (ii) Average seasonal soil moisture levels (ovtm™3) and ranking among depths
for the short rains 92/93 .

Treatment Ranking Depth Treatment Ranking depth
C 0.32 A 6 0.27 BCD 6
0.25 CDEF 5 0.23 DEFGH 3
0.24 CDEFG 4 0.23 DEFGH 4
0.24 CDEFG 2 0.21 FGHIJ 2
0.24 CDEFG 3 0.21 FGHIJ 5
0.20 GHIJ 7 0.20 GHI1J 7
0.19 HIJK 1 0.17 JK 1
H+M 0.31 AB 6 0.24 CDEFG 6
0.26 CDE 5 0.22 EFGHI 4
0.26 CDE 4 0.22 EFGHI 2
0.24 CDEFG 3 0.22 EFGHI 3
0.21 FGHJ 2 0.21 FGHI1J 5
0.19 HIJK 7 0.18 1JK 1
0.19 HIJK 1 0.17 JK 7
G-M 0.28 ABC 6
0.22 EFGHI 4
0.22 EFGHI 3
0.21 FGHIJ 5
0.20 GHIJ 2
0.20 GHI1J 7
0.15 K 1

1=0-30cm 2=30-45cm 3=45 ©0cm 4=60-75cm 5=75-90cm 6=90-105cm 7=105-120cm.

508



Appendix 4.2 *

Table (iii) Average neanonal noil moioture (cu\-u " ranking by pointo of mramircarnt for the long rainn of 1993.

Treatment  Ranking Measurement point  Treatment Ranking Measurement
c 0.21 A 1 oM 0.09 D 1
0-178 2 0.11 ¢ 2
0-17.8 3 0.12 ¢ 3
1bM 0.07 BF H+MI H-M 0.06 F H-M1
0.05 F H+M2 0.08 E H-M2
0.06 F H+M3 0.08 E H-M3
G-M 0.06 F G-MI
0.07 EF G-M2
0.12 C G -M3

Table (iv) Average neanona noil moioturelch cms') ranking among depth/treat.ment for thelong rainn of 1993.

Treatment Ranking Depth  Treatment  Ranking Depth
¢ 0.30 A 6 oM 0.17 D 6
0.22 B 5 0.13 B 4
0.21 BC 7 0.13 8 7
o 0.20 C 4 0.12 BF 5
0.18 D 3 0.11 FG 3
0.13 E 2 0.06 J 2
0.05 JK 1 0.03 LM 1
HHM 0.09 HI 5 H-M 0.09 HI 4
0.09 HI 3 0.09 1 3
0.09 HI 4 0.09 HI 6
0.08 1 6 0.08 1 5
0.06 J 7 0.08 1 7
0.04 KL 2 0.05 JK 2
0.02 M 1 0.02 M 1
G-M 0.11 FG 4
0.10 GH 7
0.10 GH 5
0.10 GH 3
0.09 HI 6
0.06 J 2
0.03 LM 1

Table () Average neanonal noil moisture (cm‘?lzm 3> ranking by pointn of meamirement for the abort rainn 93/94

Treatment  Ranking Measurement point Treatment Ranking Measurement point

C R A 1 +M 0.15 C 1
010 8 2 015 :
0.13 D 3 0.11 E 3
HM 0.11 E H+MI H-M 0.11 B HoM1
0.11 E H+M2 0.11 E H-M2
0.11 E H+M3 0.08 G HoM3
G-M ooq F G-M1
0.14 CD G- M2
0.14 CD G-M3
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Table (vi) Average seasonal sgil moisture - R depth for the short
rains of 93/94. ranking (cm"an®) by dep

Treatment Ranking Depth Treatment  Ranking Depth
C 0.20 CD 6 +M 0.14 FG 3
0.16 E 4 0.13 GH 4
0.15 EF 7 0.12 HI 5
- 0.15 EF 3 0.12 Hl 6
0.15 EF 5 0.09 KL 2
0.11 13 2 0.08 LM 7
0.09 KL 1 0.08 LM 1
H+M 0.13 GH 3 H-M 0.13 GH 4
0.12 HI 4 0.12 HI 3
0.12 HI 6 0.11 13 6
0.11 1J 5 0.11 13 5
0.10 JK 2 0.10 JK 7
0.09 KL 7 0.09 KL 2
0.07 MN 1 0.07 MN 1
G-M 0.30 A 5
0.22 B 4
0.21 BC 6
0.20 CD 3
0.19 D 2
0.10 JK 7
0.06 N 1

Table (viii) . Soil and water storage changes over the rain season and calculation
exanple of ET (m) for mulch plot long rains of 1994.

Week rain soil change 1in ET
water soil water after
one week
163.5
1 35.8 163.5 172.5 26.8
2 172.5 166.5 6.0
3 7.4 166.5 151.5 22.4
4 44 .4 151.5 177.0 18.9
5 177.0 159.0 18.0
6 9.0 159.0 163.5 4.5
7 28.8 163.5 163.5 28.8
8 62.6 163.5 221.0 5.1
o 3.0 21. .0 207.0 17.0
10 6 .6 207.0 186.0 27.6
11 6.2 186.0 165.0 27.2
12 15.8 165.0 153.0 27.8
13 2.0 153.0 138.0 17.0
14 138.0 115.0 22.5
15 115.5 105.0 10.5
16 2.0 105.0 99.0 8.0
17 3.0 99.0 88.5 13.5
18 88.5 79.5 9.0
19 79.5 70.5 9.0
20 70.5 76.5 -6.0 *
21 76.5 76.5 0.0
22 67.0
Total 313.6.

N.B ET has not been adjusted for runoff and this is done in Table xviil) .
* The negative value is unsual and was brought about by the error which may have
resulted in wrong moisture values by the neutron probe in table 3.
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week

[uN

A owWoN

10
11
12
13
14
15
16
17
18
19
20
21
22

labie (vii).

0-30

0.0s
0.06
0.07
0.0s

0.1
0.06
0.07
0.08
0.14
0.07
0.06
0.06
0.06
0.0s
0.03
0.02
0.03
0.03

0.04

0.03
0.02

Calculation example of soil water
weekly measurements per season Tfor the +M plot

son A" o) 1ardifiget dptts dne.)

30-45

0.13
0.16
0.14
0.14
0.16
0.14

0.14

0.21
0.16
0.12
0.11
0.12

0.1
0.07

0.08

0.04

0.04

45-60

0.17
0.18
0.17
0.16
0.17
0.17
0.1s
0.16
0.24
0.18
0.17
0.1%
0.15
0.12
0.11
0.1

o

.09

o

.07

o

.07

o

.06

o

.07

o

.07

60-75

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.

0.
0.

0.

18
17
17
12
16
17
15
17
26
21

0.2

16

14

13
11

0.1
0.1

.08

07

06

07

75-90

0.
0.
0.

0.

o

16
15
15

15

.15
.15
.1s
.15

90-105

0.2
0.19
0.19
0.18

0.2
0.17
0.18
0.21
0.19
0.27
0.26
0.23

0.2

0.2
0.18
0.16
0.16
0.12
0.12

0.1

0.1

0.09

105-120

.15
13
15

16

o o o o o

14
.14
.14
14
18
19
17
16
14
14
12

_O_OOOOOOOOOO

11
0.1
0.08

0.07

0.09

0.07
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uatar stlirars

300
(€29

15
IS
21
IS
30
18
21
24
42
21
18
18
18

15

in idd inri
150 150
H8

19@;6 25.5
24 27
21 25.5
21 24
24 25.5
21 25.5
21 28.5
15 24
31.5 36
24 27
18 25.5
16.5 24
18 22.5
15 18
10.5 16.5
12 15
7.5 13.8
12 10.5

6 10.S

6 9

6 10.5
4.5 10.5

nf anil

25.5
25.5
18
24
25.5
22.5
25.5
39
31.5
30
24
21
19.8
16.5
15
15
12

10.5

10.5

10.5

Ir rfifférsnf Uvprs (ral

22.5
22.5
22.5
22.5
22.5
22.5
22.5
33
34.5
30
24
22.5
19.5
18
16.5
15
15
12
12
12
12

150 150
1D

R
28.5 27
28.5 22.5
27 24
30 21
25.5 21
27 21
31.5 21
28.5 27
40.5 28.5
39 25.5
34.5 24
30 21
30 21
27 18
24 16.5
24 IS
18 12
18 10.5
15 10.5
15 13.5
13.5 10.5

Total

163.5
172.5
166.5
151.5
177
159
163.5
163.5
237

207,

165
153
138
115.5
105
99
88.5
79.5
70.5
76.5

67.5



Table (xj

Treatment

H+M

Appendix 4.5

Ranki

Average

ng

w o >

mI®

seasonal soil
measurement for the long rains 1994 .

Measurement
point

1
2
3

H+MI
H+M2
H+M3

G-MI
G-M2
G-M3

moisture

Treatment

+M

(cmtm) ranking by point of

Ranking

0.11
0.14
0.13

oo

0.08 G
0.07 H
0.07 H

Table (X) Average seasonal soil moisture (exterm3) ranking by

rains of
Treatment

C

H+M

Table (Xi

rains of

Treatment

H+M

1994.

Ranking

0.20
0.16
0.16
0.16
0.15
0.14
0.08

[eNeoloNooNaoNe)
[cNoloNoNoNoN J
rOUOIOON®OO

=
N

ooo
o
or

0.09
0.08
0.08
0.04

94/95.

22
18
19
16
15
14
17
15
0.17

A

BC
BC
BC
CD
DE
JK

HI

JK
KL
LM
LM
MN
N

FG
GH
HI
1J
JK
JK
N

Ranking

BC

DE
EF

CD
EF
CD

Depth

PNNROIWO

NP N AW

P ~NN O OTWD

) - soil moisture (omW)

Measurement point Treatment

Treatment Ranking

+M

0.17 B

0.14 DE
0.14 DE
0.14 DE
0.13 EF
0.11 GH
0.05 MN

0.10 HI
0.09 1J
0.08 JK
0.07 KL
0.07 KL
0.05 MN
0.05 MN

Measurement p<

wnN

H-MI
H-M2
H-M3

depth for the

Depth

PN NWA OO

P ~NO OIN AW

ranking by point of measurement for the long

H+MI
H+M2
H+M3
G-MI
G-M2
G-M3
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Appendix 4.6
Table (xiig Average seasonal soil moi.ture
4/95.

rains of moisture (cncm ) ranking by depth for the short
Treatment Rankin
. 0.7 Ag Dep';h Trezm:ment Ranking Depth
0.18 EF 7 0-20 €D 3
0.17 FG 4 O-19 DF 2
SR 1 .
O-14-H 6 0.17 FG ;
0.14 HI 1 016 o 4
0.10 L S 0.10 L g
He+M 0.19 DE 1 He P 2
0.17 FG 4 0.20 CD 1
0.17 FG 7 0.17 FG 4
0.16 FG 3 0.16 FG 5
0.16 FG 5 0.15 GH 2
0.13 13 2 0.11 KL 3
0.12 JK 6 0.08 M 6
G-M 0.21 B 1
0.17 FG 2
0.17 FG 7
0.15 GH 5
0.14 HI 3
0.13 1J 4
0.12 JK 6

Table (xiii) Average seasonal soil moisture (ecnktmJ) ranking by point of
measurement for the long rains of 1995.

Treatment Ranking Measurement point Treatment Ranking Measurement
point
20 A 1 +M 14 CD 1
16 B 2 15 BC 2
15 BC 3 16 B 3
H+M 13 DE H+MI H-M , 12 E H-MI
12 E H+M2 12 E H-M2
10 F H+M3 10 F H-M3
G-M 13 DE G-Ml
13 DE G-M2

0.15 8C G-M3 )
Table (xiv) Average seasonal soil moisture (cncm ) Fanking by depth for the long

rains of 1995.

Treatment Ranking Depth Treatment Ranking Depgh
c 0.22 A 6 +M 0.20 B
18 C 5 0.16 CDE 4
18 C 4 0.16 CDE 3
17 CD 3 0.16 CDE 5
16 CDE 7 15 DEF 7
15 DEF 2 13 FGH 2
11 HI 1 10 13 é
H+M 15 DEF 3 H-M 14 EFG .
14EFG 5 13 FGH
4 13 FGH 2
1 Ere 9 12 GHI b
2o b 12 GHI 5
12 GHI ] 0o ok -
82 Et 7 07 KL 1
G-M 17 CD 6
16 CDE 3
16 CDE 4
15 DEF 7
15 DEF 5
12 GHI i
06 L
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Appendix 4.7

Table (xv) Average seasonal TOR Moisture (ca”»*1
ranking at points of ««auraant for * 94/94

Treatment  Ranking Meast_xrement Treatment Ranking Measurement
point point
011 cue
P % 0.14 AB  Hru1
112 oo 3 L DE  Homz
0.09 G H-M3
+M 011 oe 1 015 A o
.1 EF ) N
- 2 Ol coe e
- 3 0.09 G G-M3
H+M 0.13 B H+MI
-]O EF H+M2
0.09 G H+M3

Table (xvi). Average seasonal TOR moisture (cm3"*) ranking at point, of me-mirement for the 19*5

Treatment Ranking Measurement Treatment Ranking

_ Measurement
point point
c 0.09 N 1 H-M 0.12 B H-MI
0.09 C 2 0.09 C  H-m2
0.09 ¢ 3 0.07 F  H-w3
M 0.09 ¢ 1 G-M 0.13 A G-MI
0.08 E 2 0.09 C  G-M2
0.09 C 3 0.08 E  G-M3
H+M 012 - H+M1
0.09 ¢ H+M2
0.07 F H+M3

Table (xvii) . Calculation of transpiration (Tr) from the equation in the C plot for the short rains of 94/9>

Tr = P - aS - Rn - Es - L - Eplant: Eplant assumed m O m Rn = 60 ran (figure 4.9), Es =m VS mm (table 14.
Tr = 521 - 60 - 275 - 30 = 156 mm L - 30 mm (table xviii)

where P - aS = 521 mm, 521 mm was calculated using 1994/95 short rains data and neutron probe values in table
4. The procedure followed is as shown in table (viii) for the +M plot for the 1994 long rains sea”™™n

Table (xviii) Calculation of percolation losses C plot for 94/95 short rains

Week Depth Vol . water FC ) Percolation losses
(cm) content (cm3cm ) (mm)
(cm3cm )
7 90-105 0.37 0.34 0.03*150 - 4.5
8 90-105  0.35 0.34 0.01*150 m 1.5
9 90-105 0.37 0.34 0.03*150 * 4.5
10 90-105  0.38 0.34 0.04*150 * 6.0
11 90-105 0.38 0.34 0.04*150 = 6.0
12 90-105  0.36 0.34 0.02*150 « 3.0
13 90-105 0.37 0.34 0.03*150 « 4.5
Total _ 30.0

N.B. no percolation occurred in soil layers (depths) 0-90cm.
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Appendix 4.8

Table (xix). Volumetric water

contept (cm3cm ) in control plot, 1994/95

Week o 300N 50 45N 45600 0. 730N ;5. 90 90- I0C 10S 120Ca
; ggj 0.06 0.08 0.1 0.11 0.14 0.12
: 0-12 gv(l);i 0.07 0.1 0.11 0.14 0.14
. . 0.12 0.1 0.11 0.14 0.12
4 0.12 0.16 0.13 0.1 0.11 0.14 0.12
5 0.1 0.14 0.13 0.1 0.11 0.14 0.12
6 0.21 0.23 0.23 0.2 0.16 0'.13 61
7 0.24 0.26 0.28 0.3 0.32 0.37 0 24
8 0.14 0.21 0.25 0.27 0.28 0.35 0l23
9 0.15 0.22 0.25 0.28 0.29 0:37 0.24
10 0.26 0.3 0.3 0.29 0.29 0.38 0'27
11 0.2 0.25 0.28 0.27 0.31 0.38 0v31
12 0.12 0.2 0.24 0.25 0.28 0.36 0:25
13 0.19 0.23 0.24 0.25 0.27 0.37 0.24
14 0.23 0.23 0.25 0.25 0.24 0.32 0.23
15 0.11 0.18 0.21 0.21 0.23 0.32 0.22
16 0.1 0.14 0.17 0.17 0.2 0.24 0.19
17 0.1 0.14 0.14 0.15 0.17 0.21 0.14
18 0.06 0.1 0.13 0.14 0.15 0.17 0.15

Table (%<x)1égcalculation of soil evaporation losses from the C plot in the long

rains o 4.

Difference in microlysimeter Conversion factor Water
reading (@ equivalent water )

depth (mm)

48.3 0.12 5.8
32.5 0.12 3.9
35.0 0.12 4.2
33.3 0.12 4.0
32.5 0.12 3.9
25.0 0.12 3.0

Table (xxi) . Example of ranking general overall PAR means among treatments at the
points of measurement short rains of 92/93.

Original order Ranked order alphabetically
mean 1 = 51.1 A mean 1 = 51.1 A
mean 2 = 30.6 B mean 3 = 30.6 B
mean 3 = 30.6 B mean 2 = 30.6 B

where 1, 2 and 3 are the measuring points
All numbers sharing same letter are in one rank.

Table (xii) . Ranking of PAR means among treatments for cowpea for the short
rains of 92/93.

Original order Ranked order alphabetically.
mean 1 = 30 B mean 3 = 43.5 A
mean 2 = 29.2 B mean 4 = 43.2 A
mean 3 = 43.5 A mean 5 = 41.5 A
mean 4 = 43.2 A mean 1 = 30 B
mean 5 = 41.5 A mean 2 = 29.2 B

All numbers sharing same letters are in one rank
where 1 = C, 2 =+M, 3 =HtM, 4 = H-M and 5 = c6-m
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Appendix 4.9

Table (xxiil) . Averaoe aMsnn.i

measurement within each H:gg{mgﬂ{ f&r" *e*’éﬁorpé*raﬂ'é ‘@: gé‘y%i_n* at Vointm of

Treatment Ranking Merf\surement Treatment Ranking Measurement
point point
C 3394 CCD '2 H-M 68 A H-M1
27 D 3 30 CD H-M2
31 CD H-M3
W SR, ;. G-M 62 B G-MI
32 oD 3 30 CD G-M2
32 CD G-M3
H+M 66 AB H+MI
32 CD H+V2
33 CD H+M3

Table (xxiv) . Average seasonal intercepted PAR (in %) ranking at points of
measurement within each treatment for the short rain* of 93/94.

Treatment Ranking Measurement Treatment Ranking Measurement

point point
C 32 D 1 H-M 81 A H-MI
40 D 2 38 D H-M2
38 D 3 39D H-M3
+M 38 D 1 G-M 51 C G-Ml
39 D 2 38 D G-M2
42 D 3 50 C G-M3
H+M 71 B H+MI
40 D H+V2
49 C H+M3

Table (xxv) Average seasonal intercepted PAR (in %) ranking at points of
measurement within treatment for the long rains 1994 .

Treatment Ranking Measurement Treatment Rranking Megsurement
point point
DEF 1 H-M 63 A H-MI
: gg EF 2 35 EF H-M2
39 EF 3 45 BCDE H-M3
1 G-M 50 BC G-Ml
h g% EIIZE 2 33 F G-M2
38 EF 3 49 BCD G-M3
H+M 70 A H+MI
37 EF H+M2
52 B H+M3
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Appendix 4.10 -

Table (xxvi) PAR absorption at

short rains of 94/95. points of mear

Treatment Ranking

Measurement

C 54.2 BC 1
53.8 BCD 2

54.6 BC 3

+M 54.4 BC 1
55.2 BC 2

— 55.5 B 3
H+M 77.2 A 1
54.8 BC 3

55.8 B 2

H-M 81.4 A 1
46.6 E 2

49.6 DE 3

G-M 80.6 A 1
- 50.4 CDE 2
46.4 E 3

Table (xxvii) Average seasonal PAR (in %) ranking at points of measurement within
each treatment for the long rains of 1995.

Treatment Ranking Measurement  Treatment Ranking Measurement
point point
C 48 E 1 H-M RN A :—m;
48 E 2 51 CD -
48 E 3 46 E H-M3
+M 49 CDE 1 G-M 89 B G-Ml
48 DE 2 49 CDE G-M2
48 DE 3 43 F G-M3
H+M 93 A H+MI
51 C H+M2
47 E H+M3

Table (xxviii). Calculation of light use efficiency (e) in the control plot for
the long rains of 1994.

The total above ground biomass IP) from 1 m” was «°°*
Fractional PAR () absorbed in the season w <on uas
Total global radiation or flux density (M

590+ 6%

g % NcaicuilatiorTis 6% and 1% which make a
The “error arismg om ThiS caicuiauu

cumulative error of about 6. e
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Appendix 4.11

Table (xxix). Calculation of water P -
plot for the long rains of 1994. use ifficiency (WE) in the C

The Tr for the C plot 1994 was 150
The total above ground biomass from this plot was 4 kg ha®

/150 mm = 3% Y e‘f(gedHaaisthal bove ground biomass/Tr = 4000kg ha®

N.B. Error arising from Es estimation was 10%, Error from neuron
probe water changes for determining Et was 5%, error arising from
runoff measurements was 5% while error arising from percolation
losses estimates was also 5. Hence total cumulative error for the
Tr determination was about 13.2%. Calculated as /(0.05)2+ /(©.0S)1
+ /(.05)2 + /(0.1)2 = /0.0175

Table (xxx). Calculation of grain yield hal from H+M plot in 1993
maize season.

All 4 maize rows were harvested and weighed from 4 sampled alleys.
The mean weight in g of each row was 31.99

There were 10 alleys each with 4 rows of maize iIn 4 m*10 m plot
So total weight from 10 alleys was 10*4*31.99 = 1279.6g

In 1 ha total grain yield = 1279.6g*10000m” /7400m2(10009g)
= 31.99 kg
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