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ABSTRACT

Farmers' suney and two field experiments were carried out at Siaya and Nyabeda in

western Kenya to investigate the cttccl of crown and root pnming on tree growth.

soil water dynamics, maize and wood yields, when trees arc boundaiy planting along

agricultural crops. The experiment carried out at Siaya included 4 years old trees of

Casuarina equisetifolia. Eucalyptus grandis, Grevillea robusta and Markhamia hitea

while the one carried out at Nyabeda involved 5 years old G. robusta. The following

parameters were assessed over 5 and 4 cropping seasons at Siaya and Nyabeda

respectively: tree growth, light interception, soil water dynamics, tree water uptake

and maize yield. Results from the Siaya survey showed that 74% of the fanners grow

M. hitea on their farms, which is an indigenous tree species in western Kenya.

Eighty-fbur percent of the respondents observed that crop yields that are close to the

trees were very low compared to crops that were far away from the trees. The result

from the experimental data showed that all the four tree species in the test at both

sites survived both lieavy crown and root pruning without any mortality or reduced

growth. Tree species showed significant (P<0.001) variability in branch biomass

produced from crown pruning at Siaya site. Eucalyptus grandis had the highest

biomass (107.2 kg/trec) production at the time of first pruning while M. lutea had the

lowest (5.5 kg/tree). New branch sprouts of pnined trees continued to grow in both

length and diameter. Eucalyptus grandis had the highest growth in both new branch

length and basal diameter (10.49 m and 13.44 cm respectively) while M. lutea had

the least (5.39 m and 6.75 cm respectively). Soil waler under crown and root pnined

trees were significantly (P<0.05) high compared to the unpruned (control) tree plots.



Soil water content decreased by 25-35% under un-pnined (control) Iree plots of all

species as compared to soil waler content under crown and root pnined tree plots.

Transpiration of crown and crown plus root pruned C. equisetifblia and G. robusta

positively influenced by photosynthetically active radiation (PAR) under both C.

equisetifblia (R2 = 0.84) and E. grandis (R2 = 0.97) boundary trees. During the first 3

maize cropping seasons, maize crops adjacent to pruned trees produced significantly

(P<().01) higher yield (50-80%) compared to that growing adjacent to the unpruned

only pruning is(control) trees. Based maize yield production.on crown

recommended for A/, lutca and E. gram/is trees while crown plus root pruning is

recommended Ibr C. equisetifblia trees. Root only pruning is reconiniended Jbr G.

robusta trees. 1'rees of all species need to be re-pnmed every 1-2 years.

trees was reduced by 50% as compared to unpnmcd trees. Maize grain yield was
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CHAPTER ONE

1.0 INTRODUCTION

This Chapter is divided into four sections. Section 1.1 presents an introduction to

Agrofiirestry and its components. Section 1.2 gives background infbnnation on

boundary trees in Agrofbrestry system, while problem analysis and justification for

both socioeconomic and biophysical studies presented in section 1.3. Theare

objectives and the hypothesis of the study arc presented in section 1.4.

Introduction to Agroforcstry and its components

Agrofbrestry (AF) is generally defined as fanning systems whereby trees and crops

and/or animals are integrated in the same farm area, cither spatially or temporally. It

is expected to maximize biological and economic productivity of the farmland

(Rocheleau, et al.9 1988; Nair, 1991). A recent definition of AF states that it is a land

use system in which trees or shrubs are grown in association with agricultural crops,

pasture and/or livestock in a spatial arrangement, rotation or both, and in which there

of the system (Leakey, 1996; Young, 1997). Such a system increases exploitation of

resources by effectively growing trees and crops at the same time or in rotation on a

single piece of land (Nair, 1991). Although AF has long been traditionally practiced

by farmers, it is only comparatively recently that this land use practice has been

studied by scientists and economists.

arc both ecological and economic interactions between the tree and other components



Hie AF approaches of incorpora山ig woody perennials (trec/shrubs) into existing

fanning systems have the potential for providing both high productivity and maintain

environmental services. 1'rccs and shrubs have the potential of providing wood

products (e.g. liiclwood, ibod, and fodder) as well as providing services such as soil

erosion control (Young, 1989; Lal, 1989; Kakuru, 1993; Kiepe and Rao, 1994;

Young, 1997) and soil fertility improvement (Campbell et al.9 1992; Palm, 1995：

practiced in tropicalBuresh and Tian, 1997). The major AF systems that are

agriculture include: dispersed trees on cropland, alley cropping, relay cropping, trees

home gardens, rotational woodlols, improved fallows, and trees farmon on

boundaries (Rochelcau, et aL. 1988).

Boundary tree planting hi AF system

Planting trees along the fann and field boundaries (boundary plantings) is one of the

traditional AF technologies practiced in most African highlands (Von Maydell, 1987;

grown inMacDicken, 1990). Woody perennials one or two lines to markare

boundaries and provide windbreaks, shade and wood production for household

needs. Tree species that are commonly grown in this way in East Africa include trees

such as G. robusta and E, grandis species (Rocheleau et al.v 1988). The trees are

grown for production of construction poles, fuelwood and/or fodder for livestock.

Evans (1988) reported that a one-hectare farm having a 400-m perimeter would

spacing, which may provide adequate fuelwood (open stove) for a household of 7 to

9 people, on rotational basis per year, for several years. This assumes an annual

accommodate 100 trees of Eucalyptus species, 5-6 years old, (0.1m3/tree) at 4-m
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fuelwood consumption of 0.1m3/pcrsoii/year. The technology has the potential of

benefiting a large number of resource poor farmers. It makes use of areas that are

usually under-utilized on the farms and it is not labour intensive.

In western Kenya, a densely populated zone of 300-1000 persons per km2 (Swinkels

ct «/., 1997), fann boundaries are increasingly becoming an important niche for

fann size per household diminish (1-3 ha) and natural woodplanting trees as

resources dwindle (Tyndall, 1996), Superficial root systems of boundary trees may

reduce loss of nutrients by leaching and runoff and improve soil porosity, infiltration

and aeration (Bowen, 1985; Cooper etaL, 1996; Buresh and Tian, 1998). Deep roots

intercept leached nutrients and recycle them to the surface and may reduce the degree

of competition between trees and crops (Cooper et al.f 1996).

However, a major constraint to boundary tree plantings by small-scale farmers along

agricultural fields is the fear of competition of the trees with food crops for light,

space, available nutrients and water. In land scarce areas, such as western Kenya,

small-scale farmers would be unwilling to sacrifice crop yields due to competition of

trees.

The result of a preliminary informal survey (Wilson et al.9 1999) showed that G.

robusta is the most commonly grown tree species along field boundaries in central

Kenya and M. luteaf E. grandis and G. robusta in western Kenya. However,

extension of this AF technology to much of the region is limited because farmers

observed reduction in crop yields where crops are grown adjacent to boundary
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planted trees (Tcfera, 1999). It has been observed that this is due to competition of

trees and adjacent crops for water, light and nutrients (Neumann and Pietrowiciz,

1987; Ong et aL, 1992b). Research results (Neumann and Pietrowiciz. 1987;

Mwihomeke, 1990; Okorio et aZ., 1994; Akyeampong et al.., 1999) and on-farm

surveys (Hoekstra et al.f 1991; Wilson eML, 1999) have shown that tree competition

for growth resources affects crop growtli and yield.

The suppressive effect of boundary trees on annual crops has also been reported

elsewhere in the tropics (Malik and Sharma, 1990; Puri and Banganva, 1992; Kater

et al.9 1992; Kessler, 1992; Yadar et al.9 1993; Dhyani et aL9 1996; Maheta et al.9

1996).

. In-order to encourage fanners to carryout boundary tree planting along agricultural

fields, competition between trees and crops should be minimized by tree

management (Tefera et al.f 2001). In any AF system, trees have to be managed to

make them economically profitable on farm. A single tree species can be exploited

for its leaves, wood, bark, roots, fruits and so on. Different goals and specific

practices correspond to each use. Canying out tree management practices, such as

tree pruning; depend on the products that the farmer would like. For example, the

farmer who is looking for light shade should prune his trees differently from the one

who wants an abundant harvest of leaves for fodder and/or abundant harvest of

branches/wood for fuelwood.



5

Khybri et al. (1992) reported that tree species and distance from tree line in boundaiy

planted AF system significantly reduced the yield of wheat interplanted with

Eucalyptus grandis9 Grewia optiva and Morns alba. They further reported that wheat

yields al various distances from the tree lines showed the lowest values within 1 m.

Wheat yields decreases were 49% for Im, 33% for 1-2 m, 26% for 2-3 m and 16%

for 3-5 m distances from the tree lines.

Large differences among species for competitiveness were also observed 3 years

after tree establishment on field boundaries by Okorio et al. (1994). They reported

crop yield reduction from 60% adjacent to the fast growing Maesopsis eminii, to

38% in the slow growing M. lutea.

1.3 Problem analysis and justification

1.3.1 Tlie need lor socio-economic survey

Kenya and elsewhere in the region. Individual farms are very small (0.1 一 1.0 ha.)

and these limited land holdings often must support up to ten family members (Mugov

1998). Farmers need food to survive and fuel to cook the food. The increase in

population and shortage of land holdings per family will not allow farmers to grow

crops and fuel wood on separate plots. Farmers, therefore, are mixing trees and crops

on the same piece of land in order to produce both food and fuelwood for household

needs. Although they have noticed the reduction in crop yields when trees are grown

Population increase in the highlands of East and Central Africa has been rapid since 

the turn of last century, resulting in areas with up to 1000 persons km'2 in Western
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adjacent to food crops, they have little knowledge to overcome the problem. Farmers

cither suffer loss of crops and get wood from the intercropped plots or stop growing

trees in agricultural fields and suffer from the shortage of wood, which is vital to the

well being of any fann family.

Trees are hardly noticeable when first planted in the field but in time they grow to

considerable size. As the years go by they demand more room both above and below

the ground. The occupation of the fields and the arrangement of the canopy layers

evolve in the same way and hence above-ground and below-ground competitions of

trees with crops. However, there arc several questions which should be answered

before carrying out any field experiment and transfer of new or modified technology

to farmers* fields. Ilicrefbre, evaluation of existing farmers' knowledge of tree crop

interaction in western Kenya and their tree management practices, if any, is essential.

Fanners in Central Kenya (Embu) manage trees very actively (Tyndall, 1996) but

this seems to be restricted to a small area. Tree pruning is rarely practiced in western

Kenya due to lack of knowledge, tradition, shortage of labour and fear of damage

caused to trees. In order to be able to exploit the indigenous pruning practices by

farmers, constraints to tree pruning and farmers views of various tree pruning

practices adjacent to crops before and after pruning, it is essential to carry out socio­

economics and biophysical studies of tree pruning concurrently. Consequently,

farmers* problems and their indigenous knowledge in controlling those problems

need to be assessed.
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There are many important reasons that justify socio-economic survey. Some of the

more common reasons are based on the need of AF scientist to use realistic research

environments to test hypothesis and to investigate the performance of new systems in

comparison with existing “indigenous” AF systems. Farmers possess invaluable

both lead to theknowledge about their indigenous AF systems, which can

identification of pertinent research questions and a shortening of the research process

(Rusten, 1990). The success of any AF interventions ultimately depends on how well

the research results are integrated with farmers' needs.

1.3.2 The need for tree pruning study

Competition, which can be defined as the negative effects of one species on another,

can occur as trees cast shade and roots deplete soil moisture and nutrients. Above

ground competition includes light and space, while below-ground competition

includes water, nutrients and space (Ong et al.9 1996). Shading by the tree directly

arfects photosynthesis, transpiration and energy balance of the associated crops

(Monteith and Uns worth, 1990). Below ground competition for soil moisture,

nutrients and space has been identified by researchers as crucial especially where

trees and crops are intercropped (Ong et aL, 1996).

Trees and crops compete for moisture and nutrients when grown in close proximity

because most of their root systems are confined to the top 30-cm of the soil profile

(Odhiambo, 1999). Numerous attempts to select for spatial complementarity in root

distribution have been disappointing (Schroth, 1995; Odhiambo, 1999). Therefore,
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root pruning has been suggested (Hocking and Islam, 1998; Wilson et al.^ 1999).

Root pruning is the cutting of lateral tree roots extending into adjacent crop. Cutting

these roots has the potential to reduce competition between border trees and the crop

for soil moisture and nutrients. Digging of open trenches between the trees and the

fields reduces root competition and increase crop yields near the tree-crop interlace.

Crown pruning of trees is also assumed to reduce the amount of water that plant use,

since it reduces the leaf area index. Both tree crown and root pruning on agriculture

fields should, therefore, help increase soil moisture availability for utilization by

crops.

Since trees and crops compele for the same resources, above and below-ground (Ong

and Black, 1994), the question is whether we should exclude all trees from on-farms

・ inter-plantings for fear of entwining root systems and shading efleets of trees on

this question must address above and below-groundweanswercrops.

competition between trees and crops through tree management by crown and root

pruning in order to minimize tree-crop competition.

Tree crown and root pruning oflers mechanisms to enable farmers to manipulate

trees* transpiration requirements, and zone of moisture extraction, thereby reducing

competition with crops. It will also enable farmers to extend the life span of valuable

trees once they have reached marketable size thus allowing them to retain Mmoney in

the bank,1 to meet their requirements for occasional capital expenditure. Reducing the

extent of tree-crop competition, will enable fanners to maintain crop yields and
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maximize benefits from tree products, and will enable tree planting to continue close

to boundaries.

Diversified and increased farm outputs will help alleviate the chronic efleets of

poverty which are prevalent in drylands and should provide a positive feedback for

tree planting leading to the expansion of more sustainable land use systems. Valuable

timber trees can also be maintained alive and relatively un-competitive by heavy

pruning and could be sold in times of need. Transpiration demand is detennined by

tree leaf area, which can be manipulated by crown pruning, and zone of water

extraction could be manipulated by rool pruning. If the availability of water is a

major limitation to crop growth, it means that nutrient availability is also a limiting

factor as water is the medium for making nutrients available to growing plants.

• Reduction in water use by trees is likely to result in substantial improvement in crop

yield.

Adequate information about adaptability and behaviour of trees and agricultural

in an intercropping situation is very necessary for good management.crops

Unfortunately we know very little about the interactions between the trees and crops

when trees are subject to crown and root pruning (Jones and Sinclair, 1996; Hocking

et al.. 1997).

A tree pruning workshop organized by the Institute of Terrestrial Ecology and

ICRAF in Uganda (Wilson et a/., 1999) discussed the needs for crown and root

pruning in minimizing tree crop competition for light, nutrient, water and space.



Most of the end users, such as, women's group and individual fanners, observed the

problems of growing trees with crops but did little to manage them. They all

welcomed the idea of tree pruning and showed their willingness to test them. This

shows that, there is an urgent need fbr the study of the value of crown and root

pruning as a practical tool fbr farmers to manage tree-crop interactions through

farmers1 evaluation and field experiments.

The major goal of this study, therefore, was to assess the effect of crown and root

pruning on tree survival, growth and to detennine tree pruning practices that reduce

competition of trees with crops. The value of crown and root pruning as practical

tools for farmer management of tree-crop interactions was undertaken by direct

measurement in two field experiments (Siaya and Nyabeda) in western Kenya and

• farmer perception of pruned trees.

Farmers* survey identified local tree pruning practices adopted by farmers and

socio-economic factors influencing adoption. Field experiments which quantified soil

water dynamics, light, tree water uptake combined with maize yield studies had

permitted evaluation of competition by pruned and unpruned trees with adjacent

maize crops. It also looked at pruning methodologies which control competition and

knowledge of species tolerance to pruning. Crown pruning was also quantified in­

terms of range of utilizable products such as fuelwood and construction materials.
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1.4 Objectives and hypothesis

1.4.1 Objectives

1.4.1.1 Overall objectives

To assess socio-economics of pruning boundary trees planted with crops as well as to

evaluate the effect of crown and root pruning treatments on utilization of soil water,

tree and maize growth and yield.

1.4.1.2 Specific objectives

1. To assess farmers, perceived competition effects of the trees on maize in

boundary plantings and tree pruning practices to solve the problems.

2. To identify the socio-economic factors allecting farmers practicing tree pruning

in Siaya, western Kenya.

3. To determine soil water dynamics in relation to the different tree pruning

treatments.

4. To assess the effect of tree crown and root pruning practices on tree and maize

growth and yield.



1.4.2 The alternative hypotheses

I. Crown and root pruning of trees reduces above and below-ground competition

between trees and crops by improving use of soil water,

2. Lateral root pruning of competitive tree species reduces water uptake from the

zone exploited by crop root and promotes greater water uptake from deep soil,

and

3. Pruning can be used eflectively by farmers to improve crop yield, gain valuable

tree products, and reduce the likelihood of drought induced crop failure.



CHAPTER TWO

2.0 LITERATURE REVIEW

ITiis chapter presents a review of relevant studies carried out earlier on the topic of

the present study. The needs fbr farmers' survey prior to any experiment in AF are

reviewed in Section 2.1. Tree crop interactions fbr limiting resources in AF systems

are reviewed in Section 2.2. A review of availability of soil water and water uptake

by tree in boundary planting is presented in Sections 2.3 and 2.4 respectively while

availability of light in boundary planting is reviewed in Section 2.5. Types of tree

species used in this study are reviewed in Section 2.6.

.2.1 Farmers9 survey

2.1.1 Background

Farmers in developing countries have a long tradition of raising food crops, trees and

animals together on the same land unit (Arnold and Dewees, 1997; Nair, 1991).

Growing trees along with crops and livestock can enhance crop yields, reduce land

degradation and improve recycling of nutrients, while producing fuelwood, fodder,

fhiits and timber (Sanchez, 1995).

Until recently, little attention was paid to this extensive but widely dispersed tree

concerned only with those tree species, which have been domesticated and adopted

resource in the agricultural landscape. National agricultural services tended to be



as agricultural crops. On the other hand, forest services focused only on trees within

areas defined as forests. Falling between these two categories, most tree stocks

maintained by farmers remained efleclively ignored (Arnold and Dcwccs, 1997).

Little effort has been made to implement the farmers1 practices of growing trees and

crops in their field.

In sub-Saharan Africa, agricultural technologies developed on research station led to

spectacular yield increases in large scale commercial agriculture, but have generally

not been adopted by small-scale fanners (Clarke, 1991). In the 1950s and 1960s, it

was thought that education was all that was needed to improve the productivity of

small-scale farms. Thus, ef(brts were concentrated on improving extension services.

The 1970s and 1980s brought a change in approach based on the realization that

-these technologies were failing not because of lack of awareness on the part of small-

scale farmers, but simply because the technologies developed on research stations

inappropriate (Clarke, 1991). Hence it is important that one looks at thewere

socioeconomic factors of any technology being developed, its output and

dissemination of this output to end-users.

2.1.2 Why socio-economic survey

Researchers view socio-economic survey as means of providing feedback from

farmers to researchers. Trials in which farmers participated in all phases of the

research process came closer to attaining the goal of fanner adoption of the

technologies (Pinney, 1991; Franzel, 1992; Tyndall, 1996). Understanding the
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dynamics of indigenous resource management system can potentially benefit natural

development (Rusten, 1990). The survey results enable AF scientists to use realistic

research environments to test hypothesis and to investigate the performance of new

systems in comparison with existing "indigenous" AF systems. Fanners possess

invaluable knowledge about their indigenous AF systems, which can both lead to the

identification of pertinent research questions and shortening of the research process

(Rusten, 1990). The success of any AF interventions ultimately depends on how well

the research results are integrated with farmers' needs. Monitoring and evaluation of

technology performance in AF projects may be approached from different angles:

farmer evaluation and field testing (Scherr and Muller, 1990).

For the purpose of this study, a survey can identify tree pruning techniques, tools

used in tree pruning and constraints in pruning trees. Simple pruning techniques and

instruments which are normally identified by socioeconomic survey and which

farmers are already using in their day to day farm activities need to be given first

priority in any experimental setup. In this way we will able to ensure that final

recommendations do not require the injection of capital prior to implementation of

results on farmers' field. Close involvement with farmers will also enhance the

ownership of the result of the research by the end-users at the dissemination stage.

Therefore, there was an urgent need for socioeconomic survey of tree plantings on

farm in western Kenya, prior to the establishment of the tree pruning experiment in

the area.
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2.2 Tree-crop interaction

2.2.1 Background

In a historical review of AF, King (1987) noted that: throughout the world, at one

period or another in its history, it has been the practice to cultivate trees and

agricultural crops in intimate combinations. Although AF, defined in this seemingly

simple but powerful way, has been practiced relatively recently by scientists and

policy makers as a potentially useful approach to land management. Defining AF in

one way or another has been a recurrent activity fbr many (Lundgren, 1982; see also

various authors in: Stcppler and Nair, 1987; Nair, 1989; Sanchez, 1995: Leakey,

1996).

Integration of trees into farmers' fields is termed as AF and was recently redefined as

a dynamic, ecologically-bascd natural resource management system that through the

integration of trees into farm-land and range-land, diversifies and sustains small

holder production for increased social economic and environmental benefits (Leakey,

1996).

Agrofbrestry can be classified in two major groups: those which arc sequential such

trees; and those that are simultaneous such as alley cropping, where crops are grown

together with trees (Cooper et al.9 1996). However, it has been suggested that AF

practices should be seen as stages in the development of an agro-ecosystem such that

as improved fallow, where crops are grown in fields previously improved by growing
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the increasing integration of trees into land-use systems can be seen as the passage

towards a mature agro forest of increasing ecological integrity (Leakey, 1996). Thus.

ecosystem, each of which is composed of many niches, and where the niches are

occupied by diflerent organisms making the system ecologically stable and

biologically diverse (Leakey and Simon, 1997).

Several ecological factors may limit the extent to which specific AF systems can be

adopted. Due to population pressure and decline in soil fertility within the humid

tropics more people are moving into marginal semi-arid areas (Cooper el al9 1996;

Mungai, 1991), leading to changes in land-use and increased demand for tree

products. Lack of affordable inputs and poor agricultural management of marginal

land may result in widespread land degradation as more forests are cleared for

agriculture, timber and fiiclwood (Jackson et al.9 1995; Anderson, 1987). As a result,

the soil and water resource base for food production is being degraded and essential

(Erskine, 1991; Harrison, 1987).

Inadequate and unreliable rainfall aggravates the situation because frequent crop

failures and uncertainties in food availability necessitate that large areas of land be

cleared for cultivation in order to provide adequate yields and food security. The

long dry periods reduce tree growth rate and species diversityB and those few adopted

species, which do survive, take longer to reach maturity. Thus a previous adequate

the integration of various AF practices is like the formation of patches in an

sources of food, shelter, fodder, medicines and many oilier products are decreasing
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Can a lesson from traditional land-use systems where farmers incorporated valuable

many parts of the tropics is particularly dependent on efficient use of the available

soil resources including water. Arnold and Dewees (1997) argued that the use of

trees as part of the fanning system depends on two attributes: firstly, trees maintain

and restore the physical environment needed to sustain crop production mainly

through the restoration of soil fertility; secondly, tree products include those used

directly by households such as food, fuel, construction materials, those used as inputs

to agriculture such as fodder and mulches, and those used as raw materials for

making agricultural implements. They also provide members of the household with

income and employment. Other uses include establishment of trees to ensure tenure

(to denote land ownership) and for cultural activities.

The product and service functions oflered by trees underline the potential fbr AF to

alleviate rural poverty (Sanchez, 1995). Benefits from trees can only be realized if

losses due to competition between trees and crops are minimized and if trees offer

high value products, which can compensate fbr crop losses due to competition.

It is argued that sustainability of AF systems is linked to high biological diversity of

ecosystems and evidence exists that the introduction of trees into cropping systems

could increase diversity of farm out-puts (Sanchez and Leakey, 1996). In their

supply of mature tree products gradually decreases and increasingly young trees arc 

harvested for timber and fuelwood.

trees into their farms help lo develop sustainable AF systems? The success of AF in



examples, Sanchez and Leakey (1996) suggest that home gardens in Nigeria and the

complex agrolbrests in Sumatra ofler some of the best examples of how trees can be

integrated into crop lands to increase land productivity on a sustainable basis.

Increase in productivity has also been reported in the much less diverse traditional

parkland systems with Faidherbia albida in West Africa (Sanchez and Leakey,

1996).

While some of the systems have been productive, reports of failures have also been

cited mainly with hedgerow intercropping (Mathuva et aL9 1998; Rao et a/., 1991;

Ong et al.. 1991 and Singh et al.9 1989). Some of these failures may be attributed to

the use of AF technologies inappropriate to a particular ecosystem. Failure of

hedgerow intercropping in some areas has been attributed to competition for water

between the trees within the alleys and crops, which outweighs the benefits to site

fertility improvement and dry-season production (Ong et aL9 1992; Mobbs et

1998). The total water use by the combined tree and crop system may increase

because both components use rain water during the cropping season and trees use

stored water during the off season in the dry season (Ong et al.9 1996). However, the

trees usually compete with the crops for water leading to crop yield losses relative to

situations without trees.

Trees in cropland systems are categorized into three major systems, that is, scattered

trees, boundary plantings, and intercropping with annual crops between widely

spaced rows of trees (Rao, et al.9 1998). The degree of tree/crop- interactions

increases with increasing tree density, from low density in scattered trees systems to
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high density in tree/crop intercropping systems. Scattered or dispersed trees in

cropland, often known as "parklands", arc a widespread traditional practice in the

semi-arid tropics, while boundary plantings and intercropping systems are commonly

practiced throughout the tropics. In these systems trees are deliberately planted and

managed for production of poles, timber, fniits, and/or fodder. Boundary planting

involves planting of trees on farm and field boundaries, soil conservation structures

such as on terrace risers.

Boundary or upper-story AF systems use widely spaced rows of trees such as

Populus deltoids in northern India (Singh et al.9 1993; Singh et al.9 1998) or upper­

storey trees such as Cedrela odorata, Grevillea robusta, Albizia species, Markhamia

lutea found in East Africa (Hoekstra et al. 1991; Akyeampong et ak9 1995). They are

usually associated with perennial (banana, codec) and annual (bean, maize) crop

Gelds.

Three distinct tree/crop interaction zones can be distinguished in boundary tree

planting AF systems (Rao et aL, 1998). Tliese are: 1) a zone of light and root

competition, mostly under the tree crown, 2) a zone of root competition, some area

beyond the tree crown, and 3) open cropped areas that are relatively free from the

interference of the trees. Tlie extent of the first two interaction zones depends on the

tree species, climate and soil, and extends progressively over time with age and size

of the tree. An understanding of these zones is essential for determining the optimum

tree density and development of appropriate pruning regimes to maximize resource

use and productivity of the system, and those relevant to this review, are soil water
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relations and shading (light competition). Rao et al. (1998), argue that the

exploitation of interactions between woody and non woody components is the key to

the success of AF and that a better understanding or interactions is needed for

improvement of traditional as well as newly evolving AF practices.

Rooting depths vary between tree species but most studies of fine root distribution

have shown that fine roots are mostly found in the topsoil, which implies that trees

are potentially competitive with crops. It is believed that trees with faster above

ground growth rates have faster root growth rates and could be very competitive with

crops (Rao et al.9 1993). For example, Leuceana leucocephala was more competitive

with food crops because it was fast growing than Senna siamea or Grevillea robusta^

which grew more slowly. In general it is believed that fast growing trees will use

more resources than slow growing tree species. The effects of tree species on maize

production, in relations to crown and root pruning needs to be investigated and hence

the reasons for having 4 commercially valuable tree species in this study.

2.2.2 Competition and complementarity in Agroforestry systems

The exploitation of interactions between woody (tree/shrubs) and non-woody (annual

crops) components is supposed to be the key to the success of all AF systems.

Tlierefbre, a better understanding of these interactions provides a strong scientific

basis for the improvement of traditional as well as evolving AF systems. Recently,

research on interactions in AF systems has received increasing attention and there

have been various reviews on the topic. Anderson and Sinclair (1993) and Nair et al.
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(1994) have given reviews from an ecological perspective, while Ong ct al. (1996)

reviewed the quantitative and physiological aspects or biophysical interactions in AF

systems. Rao et al. (1998) gave a synthesis of the agronomic significant of

biophysical interactions in the major AF systems, and stressed the importance of

management implication of these interactions.

Plants depend on balanced and adequate availability of light, water, nutrients and

space. When diflerent plant species are grown together they share these resources,

which often lead to differentiation, complementarity and competition (Buck, 1986;

Michael, 1986). Diflerentiation is when each plant makes demand for a resource at

different time and space, while complementarity is when one plant benefits from the

other (Buck, 1986). Competition is the negative effect of one species on another

(Campbell and Dawson, 1992), Competition occurs when diflerent species require

the growth resources in excess of the supply (Wear and Clement, 1980) or when one

than another (Buck, 1986). Spatialspecies has more access to a resource

complementarity occurs when mixed species are able to acquire environmental

from diflerent location at the same time (Anderson and Sinclair 1993).resources

Temporal complementarity occurs when plants have different patterns of growth or

life spans (Hooper, 1998) so that the periods of maximum demand for resources of

different species are separated in time (Ahmed and Rao 1982). Temporal resource

sharing concerns phonological mechanisms, and leads to enhanced productivity due

to capture of more resources rather than changes in the efficiency of resource

utilization (Willey et al., 1986; Ong and Black 1994).
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One of the most promising AF technologies that can help reduce land degradation

while at the same time reducing pressure on indigenous forests in the tropics is

boundary tree planting. Boundary planting is a part of an AF system in which trees

are grown along agricultural fields or boundaries with (bod crops. Besides providing

wood production lor the household needs, field and border trees are eflective tools in

reducing wind borne soil erosion and protecting crops from wind damages. Border

trees improve crop yields and water use efficiency by altering the micro-environment

by reducing wind speed and minimizing climatic stress factor (Frank et 1974;

Rosenberg, 1974). With wind protection, grain yield of crops increased during years

of normal or below normal precipitation (Ferber et a/., 1955; Staple and Rehane,

1955; Stoeckelcr, 1962; Read, 1964; Radke and Burrows, 1970; Frank et aL, 1974;

Ogbuehi et al.9 1982 and Brandie et al.9 1984).

Above ground competition includes light and space, while below ground competition

includes water, nutrients and space (Etheringtony 1975). Shading of crops by trees

directly affects photosynthesis, transpiration and energy balance of the associated

crops (Rosenberg et al.9 1983). Some advantages of shade include soil temperature

reduction during crop germination and establishment in hot climates (Vandenbeldt et

冰1990) and reduction of evapo-transpiration of shaded crops (Beer, 1987).

However in semi arid conditions the transpiration of trees may increase water stress

of associated crops (Nair, 1993).
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Below-ground interactions between trees and crops can also be positive or negative.

Positive interactions involve, nitrogen fixation, improvement of soil physical

conditions, addition of organic matter from turnover and mobilization of nutrients

from sub-soils to surface soil fbr use by shallow rooted crops (Sanchez, 1987;

Campbell and Dawson, 1992). Negative interactions involve competition between

trees and crops for moisture, nutrients and space. When trees and crops are grown

together, rooting densities increase and inter-root distances decrease, thereby

increasing competition (Bohm, 1979, Young, 1989, 1997; Gillespie, 1989). Root

excavation studies indicate that an extensive and dense spread of tree roots results in

serious competition with crops (Ong et al.9 1992).

2.2.2.1 Capture of growth resources

Above ground competition fbr light and below-ground competition for water are both

important under boundary tree plantings, as was demonstrated in a study in Uganda

that used a rift mesh to prevent lateral spread of roots (Okorio et al.9 1994). Without

the root mesh, crop yields adjacent to the tree ranged from 20-55% of yields in the

treeless plots. When the root mesh was installed to 0.5-m depth and 0.5-m away from

trees, yields increased by 16-152%. However, the presence of the root mesh did not

restore crop yields to open area levels, suggesting the existence of above ground

competition for light.

Another study in Burundi also using a root mesh, found below-ground competition

between beans on the one hand and bananas and G・ robusta on the other, to be more
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important than competition Ibr light in a multi-strata AF system (Akyeampong et al.9

be reduced by side pruning of

branches (Kessler, 1992), while below ground competition for water by periodic root

pruning either by deep ploughing or by use of axes and hoes (Roger and Rao. 1990;

Rao et al.. 1990; van Roodc, 1992).

Competition may be more severe between similar species than between species with

contrasting growth habits (van Dcmeer, 1989). However, the opportunity for

complementarity of resource use between species is restricted by the fact that all

plants are competing for the same finite resource of light, water, CO2 and nutrients.

Tlius, there is extensive overlap between species in their resource requirements.

Various works (Van DenBeldt et al.9 1990; Ong et al.9 1991a; Monteith et aL, 1991;

Ong and Black, 1996) have reviewed competition in plants in relation to AF.

The component of AF systems often difler greatly in size, with the result that the

growth of the smaller under-story species may be inhibited by shading, and possibly

also by competition for water and nutrients. Competition for light can be the primary

limitation when water and nutrients are freely available. However, in many tropical

systems, water or nutrient availability rather than light is the major limiting factor

(Ong et al.9 1991b).

When resources are not limiting, densely planted monocultures usually provide the

most efficient resource capture system. However, where one (or more) resource (s) is

(are) limiting, it may be possible to improve productivity by using species mixtures.

1999). Aboveground competition Ibr light can
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them more efficiently for growth than monocultures. In such instances, mixtures may

provide a greater yield than the combined yield of the corresponding sole crops

(Oibri and Stem, 1987).

Research on competitive interaction in AF systems has tended to concentrate on

establishing the relative importance of above ground and below-ground competition

(Synadon and Harris 1981; Corlctt et aL9 1992a, b) andfor onresources

complementarity or resource sharing (Ong and Black 1994). Determining the relative

importance of above ground and below ground interactions is difficult (Donald

1958), although methods such as root separation have been applied in some studies

(Marshall and Willey 1983; Sigh et al.9 1989; Okorio et al.9 1994; Chirko et al.9

1996b).

22.2.2 Concepts of resource capture

The concept of complementarity in the use of resources is central to the assumption

that mixtures of trees and crop species may lead to increased productivity in AF

(Ong and Black 1994). Complementarity in resource use in AF systems occurs when

trees acquire resources of water, light and nutrients that crops can not acquire

(Cannel! et al.f 1996). Complementarity must also lead to more efficient

conservation of resources, such that total productivity increases (Ong et al.9 1996;

Hagger and Ewel 1997; Hooper 1998).

This is because the component species capture more of the available resources or use
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The potential for complementarity in AF has largely been based on the assumption

that benefits occur when grain legumes arc grown in mixtures with cereal crops

(Willey 1979). However, in AF, trees have a network of fine roots in the soil at the

time the crop is planted giving the trees an advantage in soil water and nutrient

uptake (van Noordwijk et al.f 1996). Depending on the tree species, environment.

age and management, tree competition may limit the potential for complementarity

of resource use in AF.

Agrofbrestiy species inay use resources in a complementarity manner between AF

components (Ong, 1995). Such complementarity describes positive associations of

species that result in increased system of productivity (Hooper, 1998). Cannel et al.

(1996) state simply that complementarity in resource use in an AF system occurs

when trees acquire resources that crops could not acquire and that available resources

must be used efficiently such that total productivity increases. Tliis implies that

complementarity may be manifested by either increased resource or improved

resource use.

Crop yields in semiarid tropics may often be low due to competition for water

between the crops and the trees in AF systems. However, the use of trees with

complementarity in water use with crops can minimize competition for water

between the trees and the crops. The concept of complementarity in the use of

resources is central to the assumption that mixtures of tree and crop species may lead

to increased productivity in AF (Hooper, 1998; Ong and Black, 1994). Results from

semiarid tropics have shown that AF systems are not always productive since low
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crop yields have sometimes occurred when trees were introduced into croplands (Rao

ef al.9 1997). Established trees network of fine roots in the soil at the time the crop is

planted give the trees a possible advantage in soil water and nutrient uptake (Ong et

al.. 1996). Depending on the tree species, environment, age and management, tree

root competition may limit the potential for complementarity of water use in AF.

2.2.2.3 Effects of trees on crop yield in tropics boundaiy planting

While appreciating the fact that complementarity has the potential to improve

productivity in AF systems as whole, recent studies (Odhiambo, 1999) highlight the

fact that trees can out compete crops for soil water and nutrients leading to greatly

reduced crop yields in overall system. Tlie effect of boundary trees on crop yields,

therefore, depends on the site and age of trees. Malik and Sharma (1990) found tliat

3.5 year-old Eucalyptus tereticornis on field boundaries reduced crop yields by 41%

up to 10 m from the tree row.

Similarly, crop yield losses were observed 2 years after tree establishment, with

different tree species showing diflerent patterns of competition depending on growth

rates and rooting patterns (ICRAF 1996). The fast growing Grevillea robusta and the

slow growing Croton megalocarpus depressed crop yields only over a short distance

(<3 m). Although Senna spedabilis had faster height growth than the other tree

species, it depressed yields least, probably because of its limited canopy and deeper

rooting system.



29

Tree species and distance from tree line significantly affected the yield of wheat

interplanted with Eucalyptus grandis^ Grewia optiva and Morns alba (Khybri et ci/.v

1992). The trees were planted in lines in a north-south orientation and were spaced 5

m between individual trees. Eucalyptus grandis had the greatest depressing effect on

wheat yields, and as the age of the trees increased, the effect also increased from 4%

in the first year to 61% in the ninth year. Corresponding values for Grewia and

Moms were 5% to 52% and 13% to 58% respectively.

Wheat yields at various distances from the tree lines showed the lowest values within

1 m (Table 2.1). Wheat yields decreases were 49% for Imt 33% fbr 1-2 m, 26% fbr

2-3 m and 16% for 3-5 m distances from the tree lines. As the distance from the trees

increased, the shading eflcct decreased.

Large differences among species fbr competitiveness were also observed 3 years

after tree establishment on field boundaries in Uganda (Okorio et al.3 1994). Over 3

to 4 m from the tree row, crops yield reduction ranged from 60% adjacent to the last

growing Maesopsis eminii9 to 38% in the slow growing Markhamia lutea. It appears

that trees become competitive with age and increased size.
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Table 2.1:

Crop yields under tree in boundary planting may be unaffected during the early years

or tree growth, but could increase or decrease when the trees grow large, depending

on the tree species. Any positive influence of trees on crop yields would not be

expected for many years (Poschen, 1986; Rhodes, 1997). However, fast growing

trees such as Eucalyptus species, Cordia abyssinica and Maesopsis eminii reduce

crop yields a few years after their establishment (Ralhan et al.9 1992; Okorio et aL,

1994; Akycampong et al.91995).

Competition for light in boundary planting AF systems is unlikely when lopping for

livestock feeding is practiced (Tejwani, 1994)t or where trees drop their leaves

during the rainy season when crops are grown (Vandenbeldt and Williams, 1992).

However, shade can be a major problem under large, unmanaged, and/or evergreen

trees (Kessler, 1992; Jonsson et e/., 1999). In such cases, as little as 20% of incoming

photosynthetically active radiation (PAR) reaches the under-story crops thereby

affecting their growth and productivity (Tables 2.2 and 2.3).

Summaries of wheat yield decreases by distance from tree lines in 
western Himallia, India.

Yield reduction 
(%) 
49 
33 
26 
16

Distance 
(meters) 

1-m
1- 2-m
2- 3-m
3- 5-m
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Table 2.2:

Reference Country Species

Daniel et aL, 1991 46-57Kenya Cqjanux cqjan

Miah ct aL, 1995 Philippines

Okorio ct al., 1994 Uganda

Paulownia trees 8Newman et al.. 1998 China

% reduction is comparisons of plots with and without tree plols.

In short tenn AF experiments in Uganda, a wide range of competitivity was also

found, ranging from positive interactions between trees and crops (Abius acuminata}

to extremely negative (60% loss in crop yield with Maesopsis eminii). Although

differences in root system architecture occur, it is clear from studies at Machakos

(Howard et aL, 1997) that root systems of the majority of tree species rapidly form

extensive networks and extract water from the crop rooting zone, creating substantial

tree-crop competition when moisture content below crop rooting zone is very low.

12-45 mm (Wilson et ak9 1999).

3
3

25
59

53
55
59

33
49
58
45
80

3
3
3

Robinia 
pseudoacacia

Summaries of effects of boundary planted trees on adjacent crops in 
the tropics (Percent reduction in PAR reaching crops).

Sskabembe ct al., 
1997

Alnus acuminata 
Casuarina 
equisetifblia 
Grevillea robusta 
Markhaniia lutea 
Maesopsis eminii

Acacia auriculijbnnis
Acacia mangium
Gliricidia sepium

PAR rcduclion
('新

Age 
(years)
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Table 2.3:

Reference Country Species

Burundi Maesopsis cminii 2

Howard et al., 1997 Kenya Grevillca ivbusta 4 30

Newman ct al., 1998 China Paulownia trees 63

India
3.5 41

Eucalyptus species 9
IndiaKhybri et al.. 1992

9Grewia optiva

Moms alba 9

77Corlclt et al., 1992b Kenya

Grevillca robusta 252Kenya1CRAF, 1996

3 23
UgandaOkorio et al.f 1994

% reduction is comparisons of plots with and without tree plots.

3
3
3
3

61 
5 
52 
13 
58

31
29
59
31

Summaries of cllccts of boundary planted trees on adjacent crops in 
the tropics (percent reduction in crop yields).

Leuccana 
leucocephala

Age 
(years)

Malik and Shamia 
(1999)

Eucalyptus 
tereticornis

Crop reduction 
(%)

Akycampong et al.. 
1995

Alnus acuminata 
Casuarina 
equisetifblia 
Grevillea robusta 
Markhamia lutea 
Maesopsis erninii
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Many researchers are currently investigating the processes by which AF systems can

be sustained, adopting modelling approaches such as those outlined by Lawson el aL

(1995) to determine the factors limiting the success of such systems in the field. The

hydrological reasons for the success or failure of intercropping trees and crops in AF

systems arc still largely unknown (Wallace et al.. 1995).

2.2.2.4 Tree pruning in boundary planting

Since quantitative investigations of water-use in AF systems are rare (Ong et

1991), Jackson et aL (1999) suggested the use of management practices such as

canopy pruning or root pruning, by trenching, in imposing complementarity on AF

systems. He further reported how rainfall distribution was modified by both tree and

crop canopies in AF systems. In addition, he also demonstrated how these processes

could be controlled by regular manipulation of the tree canopy through pruning. Tree

crown pruning would reduce shade, water loss through evapotranspiration and will

limit zone of extraction of water (Wilson et al.9 1999)

Experience with alley cropping has shown that few farmers can afford the high

labour demand required for regular pruning simply to reduce competition of fast

growing trees (Cooper et al.9 1996). Yet, a recent survey of farmers9 tree pruning

practices in the highlands of Kenya has revealed a surprising range of local pruning

practices (Tyndall, 1996). In Bangladesh, farmers adopted root pruning very quickly.

from the stem and the task is quite easily accomplished (Hocking and Islam, 1998).

The surface lateral roots of trees are pruned annually at a distance of about 1 to2 m
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Root pruning is the cutting of lateral tree roots extending into adjacent crop and

cutting these roots has the potential to reduce competition between border trees and

the crop fbr moisture and nutrients (Steven and Charles, 1990). Digging of open

trenches between the trees and the fields reduces root competition and increase crop

yields the tree-crop interface (Singh, 1987; Onyewoul et al.. 1994). Annear

interesting aspect of root trenching might be that it forces tree roots into deeper soil

layers (Ong and Khan, 1993; Wilson et al.9 1999). Crown pruning of trees, a

procedure in many associations, reduces competition with crops bycommon

reducing transpiration (Ong, 1995).

Soil water2.3

Water is an essential component of plant life. It comprises approximately 70 to 90 %

of the total fresh weight in physiologically active plants (Hsiao, 1973). Almost any

parameter of crop growth is modified by water deficits provided that stress is severe

and sustained (Stirling, 1988). Soil water stress leads to decrease in transpiration

from plant canopies through stomata! closure (Acevedo, et al.9 1971). As the soil

dries, the soil water potential and soil hydraulic conductivity decrease. It becomes

Icar expansion decreases, leaves wilt, and canopy duration is reduced, reducing light

interception and photosynthesis (Hsiao, 1973). Stomatai control of transpiration can

reduce rate of soil drying. Trees with more sensitive stomatal response to vapour

pressure deficits are adapted to water limited environments and could be the most

suitable choice when grown in mixtures with annual crops.

more difFicult for plants to extract water; consequently cell turgor pressure decreases,
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Soil water is one of the major below-ground resources required for plant survival.

Water plays an important role in many soil chemical reactions, the movement of

solutes, the redistribution of air and weakening of the soil matrix, to facilitate root

growth (Russell 1988). In many tropical farming systems, plants survive for part of

their growing cycle on stored soil moisture (Russell 1988), which is recharged by

seasonal rainfall, and to a small extent by inlcr-Iayer soil moisture transfer. Vertical

moisture distribution in the soil profile after rainfall content varies with infiltration,

soil surface evaporation and plant activity while horizontal redistribution is mainly

due to plant root activity (Pidgeon 1972).

Movement of water in soils is caused by differences in soil water potential or

gradients due to gravity, solute concentration, temperature, surface tension and

fundamentally by plant root activity. Root water uptake is substantially faster than

inter-layer water flow and contributes greatly to soil water distribution within the

soil. Loss of water into the atmosphere through evapotranspiration involves transfer

of liquid water to vapour (Russell 1988). Potenlial evaporation rates can reach 8-10

mm/day in semi-arid areas (Messing et al.9 1998).

Movement of water due to soil surface evaporation slows down substantially when

the surface 1 to 2 mm depth dries because then water vapour has to diffuse through

pore spaces at low concentration gradients before it reaches the atmosphere (Penman

and Schofield 1941). Water can also flow against capillarity movement or gravity in

deeper horizons when it moves from deeper soil layers to recharge the root horizon,

which gets continually drained as the season progresses (Thorbum et al.9 1993).



36

Though it does not provide information about water availability to plants, soil water

content expressed in terms of volume or weight per unit of soil is less ambiguous

than soil water potential. The most direct method of determining soil moisture

content is on a gravimetric basis, involving determination of soil weiglit loss after

ovcn-diying for 24 hours at 100-110 °C. This is expressed as a percentage of oven­

dry weight of soil (w/w%). Volumetric soil water content can be determined by

multiplying the gravimetric soil moisture content by its bulk density, assuming the

soil does not swell or shrink.

Non-destructive methods of determining soil water content include the time domain

reflectometry and the more commonly used neutron probe. Volumetric soil water can

be determined by non-destructively using a neutron probe through a count of

neutrons slowed down by nuclei of hydrogen atoms, mostly on water molecules

within a sphere of 30-40 cm diameter in the bulk soil (London, 1991). The count of

slow neutrons is proportional to the amount of hydrogen atoms in the soil and

therefore to water content. A calibration is necessary. The neutron probe is not able

to detect sharp soil moisture differences as occur across a wetting front. Also, it is

not reliable for measuring soil surface water due to escape of neutrons in the air and

inclusion in the counts of organically bound hydrogen in form of root litter (Eeles,

1969).
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Other methods available fbr measuring soil water potential include tensiometers.

thermocouple hygrometers, thermocouple psychrometers, gypsum blocks, filter

paper, and pressure plates. Some of these methods that can be used in the field arc

not designed to eater fbr dry soil condition common in the tropics. Thennocouple

hygrometers can measure arid-soil water potentials, but they arc prone to errors (Yom

thermal gradients. Even so, the accuracy of most methods available for determining

water potential is more than sufficient fbr agronomic purposes (Savage el al.^ 1992).

The filter paper method is economical and yields accurate water potential

measurements assuming that the environment into which the filter paper is placed is

at the same total water potential as the medium. Soil water potential is inferred from

the pre-detennined retentivity of the filter paper with which it is in equilibrium

(Savage et al.f 1992). Measuring soil water potential is beyond the scope of this

study, however, overall summary of review is given fbr better understanding of the

process of water uptake by plants or water movements in plants.

In summary, a mixture of methods measuring both soil water content and soil water

potential is necessary if plant-soil interactions are to be understood. Measuring both

soil water potential and soil moisture content may be necessary, given the limitations

of using either alone. Water uptake by plants is influenced by the hydraulic

conductivity, nature of the soil and the plant's ability to extract it. This varies with

species as well as the stage of plant growth. In a mixed plant system, this is modified

further by the activity of associated plants.
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2.4 Sap flow

2.4.1 Water 叩take by trees

Plants require water for photosynthesis of sugar, maintenance of cell turgidity.

transport of soluble material and as a solvent of cell biochemical reactions. These

requirements only constitute 1% of the water taken by the plants, most being

transpired through open leaf stomata (Larchcr, 1975; Comstock and Ehlcringcr,

1993) and to small extent by flower parts and pods c.g. 15% of* total transpiration in

rice (Batchelor and Roberts, 1983).

Transpiration and gas exchange are closely related because they occur when stomata

arc open (Swanson, 1984). When leaf stomata open to allow entry of COz into the

chloroplasts, water is lost. Air in leaf intercellular spaces is always near saturation

even in drought-stressed plants (Ong et al.9 1996), therefore loss of water from open

stomata depends on the vapour pressure gradient between the atmosphere and the

intercellular spaces.

Water uptake from the soil into the plant is driven by a series of closely linked

potential differences between the bulk soil, the root xylem, transpiring leaves and the

atmosphere. Stem waler content rarely changes except in severe drought (Jarvis,

1975).
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Similarly, leaf water potential varies only within a narrow band (conservatism of leaf

water potential), which corresponds to a wide range of water inflow rales in the roots

(Hailey et u/., 1973). When soil water is low, atmospheric conditions govern

transient leaf and root water potentials. Leaves can control their potcnlial by reducing

their conductance by curling wilting or closing their stomata, thus enabling plants to

withstand soil and atmospheric moisture deficit (Simmonds and Kuruppuarachchi,

1995).

Overall plant transpiration is controlled by the total transpiring leaf area rather than

individual leaf conductance (c.g., groundnuts, Black et al.f 1985). Leaf water

potential becomes more negative with increasing height within the canopy due to

difference in irradiance, low conducting ability of juvenile leaves at the shoot tips or

the accumulation of xylem resistances as the hydraulic path length increases

(Weatherley, 1979).

1'hc flow of water from the soil matrix towards the root is driven by potential

difference between xylem sap, and to a lesser extent, by high solute potential

between the root stele, and the soil solution at the root surface (Baker, 1984). At high

transpiration rates, steep gradients of soil water potential develop dynamically

around individual roots. When transpiration rates are decreased, leaf water potential

profile, due to perirhizal equilibraGon as soil water at the root surface is refurbished

to near capacity levels (Weatherley, 1979).

can recover completely, disguising soil moisture stress levels within the overall soil
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Within a transpiring tree, the water potential is maintained between 0.01 and 0.05

Mpa nf » modified occasionally by change in the atmosphere and the lear response to

it (Baker, 1984). This within plant resistance to transpiration may facilitate

conservative water use and act as buffer to protect leaves from very negative soil

water potentials by allowing or vessels from stem storage (Passioura, 1988).

Transpiration is also hindered by a series or other resistances within the bulk of the

soil but resistance at the soil-root interface is assumed to be negligible at field

capacity, hence the major hydraulic resistance is that within the plant. As the soil

drains, resistance at the root interface accounts fbr almost 65% of resistance to water

flow, and is quite conservative despite dirterences in relative shoot: root sizes

(Weatherley, 1979),

Various reasons have been given to explain this intcriacial resistance. While in root

cortical cells, water is mainly transported apoplastically and to a lesser extent

through symplastic and vacuole to vacuole transfer (Baker, 1984), at the endodermis,

only symplastic transport is possible because of the suberised Casparian strip

(Passioura, 1988). This may account for some of the resistance to water entry into

roots. Alternatively, intimate coupling of roots with soil matrix may be lost when

soils become too dry, creating gaps that break the continuous cohesive flow of water

(Weatherley, 1979).

In sandy soil, this occurs when soil moisture drops to 25% of that at saturation levels

(Simmonds and Kuruppuarachchi, 1995). Decoupling occurs at individual root levelv
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especially when soil is dried rapidly (Weatherley, 1979). Another cause of root-soil

interface resistance may be the accumulation of solute at the root surface, if their

projection towards the root is faster than their upward transport into the stem creating

time, most(Passioura, 1981). The solute effect is transient and may, over

substantially affect water inflow especially in moist soils (Passioura, 1981).

Most water uptake within roots occurs radially, which is also the direction in which

most resistance is encountered. Resistance to axial water uptake by roots is low in

dicotyledonous plants, but is quite substantial in Poaceae, which have small vascular

systems (Wilson et al.. 1976). Resistance to axial flow is mainly due to resistance by

individual vessel walls, following Poiscuille9s law in smooth vessels such as those in

Poaceae (Greacen et al.. 1976). In dicotyledonous plants, vessel walls are perforated

with pits and Poiscuille's law may underestimate their resistance (Jeje and

Zimmerann, 1979). Taylor and Klepper (1978) showed that axial xylem resistance

Resistance to flow is inversely proportional to root length (Weatherley, 1979).

Water uptake by roots depends on their size, health and location in the soil matrix.

Roots smaller than 2 mm diameter (fine roots) take up water all along their lengths,

though the maximum uptake occurs just behind the root tip where xylem vessels

have developed and suberisation of the endodermis has not yet taken place (Russell,

1988). Taproots have greater water conductance per unit suction than other fbnns

because they contain more xylem (MacFall et al.9 1991; Dawson and Pate, 1996).

a barrier with negative potential between the soil matrix and the root xylem

can significantly aflect moisture in the soil layer from which water is exploited.
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Plant health or soil conditions that aflcct live root cell functions directly a fleet water

up take. Drew et al. (1989) and He et al. (1992) observed a reduction in root

hydraulic conductivity of nitrogen or phosphate starved Zea mays due to an increase

in fbnnation of aerenchymatous tissue, which had a discontinuous cell wall network.

Diseased root of lupin also tended to lose their conductance (Grose and Hainsworth,

1992).

The rate of inflow may be also aHectcd by root age, hence increasing acropetally

(Russell, 1988). Younger roots extract water more rapidly from soils, creating

regions of low water potential, hence low soil hydraulic conductivity (Simmonds and

Kuruppuarachchi, 1995). In multistorey systems, crop roots normally grow within

depletion zones of tree roots. Likewise, root branches grow in the depletion zones of

the primary axis, thus they operate at lower water gradients and have a lower

capacity to extract water than roots of the same characteristics growing in virgin soil

(Robinson, 1994).

Overall water use of the plant is governed by the root: shoot ratio (Russell, 1988).

Tliat is why cereal crops, which stop growing their root system after flowering, leave

residual water in the deep soil system after harvest (Hurd, 1974) than certain grasses

with an extensive root system compared to shoot size (Willatt, 1971). With adequate

water supply, maximum transpiration is proportional to root density. Resistance to

flow or water within the root system does not vary between species and depends on

the rate of inflow (Passioura, 1981).
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If* soil water potential is averaged over the whole profile, it may seem that water

uplake is occurring at very low soil water potentials when in fact uplake is restricted

to only a few roots with a less negative potential while the ones in the dry (surface)

portion of the soil have become non-functional. When this occurs, the root xylem

potential is high compared to that of the soil in the wetter portion causing inflow to

increase as radial root resistance decreases (Wcatherley, 1979). Thus, at negative soil

water potentials, root extent and soil water uptake are not related (Cook and Dent,

1990).

2.4.2 Sap flow in plants

Sap flow, or water movement in a plant occurs when atmospheric evaporative

demand at the leaf surfaces causes water potential gradients to occur within the plant

and between its root and the soil. At a given stem water content, sap flow is closely

related to transpiration, but lags slightly behind it. Schulze et al. (1985) observed a

90 minute lag between sap flow and transpiration measured using cuvettes on Larix

decidua and Picea abies.

2.4.3 Application of sap flow techniques

Measuring sap flow on individual stems and scaling up to stand level is direct way of

measuring plant water use compared to use of micro meteorological data. Sap flow

measurement is most appropriate in regions where transpiration rates are low

compared to the atmospheric demand (Hatton et aL9 1995), which is usually the case

if soil water is limited. Methods available for detennining sap-flow on individual
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stems involve use of heat transfer and they include the heat balance, the steady-state

balance and the heat pulse.

Stem heat balance (SHB) method

The SHB method involves supplying a volume of stem with a known amount of heat,

using a heater wound or wrapped around a section of the stem (Sakutarani, 1981).

Thcnnocouplcs are used to measure heater temperature and sap temperature on

entering and on leaving the heat section. From the heat balance within the stem, the

heat transported by moving sap, Qg is calculated as:

(Equation 2.1)Qr=C.F(Td-Tu)

Where, Cw is the specific heat capacity of sap (or water), F is mass of the flow rate of

water, and T<i-Tu is the temperature diflercnce between water entering and that

leaving the heated stem segment. Because of its external installation. SHB is more

complex to set up properly in experiments (Shackel et al.9 1992). The weakness in

the SHB theory results from assumed values of thermal conductivity of the stem and

the insulating material (Baker and Niebler, 1989). The method is also prone to errors

from destabilization from rapid wanning of air at sunrise or after a period of

cloudiness (Steinberg, 1988). Nevertheless, SHB measurements have high absolute

precision (Baker and van Bavely 1987).
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Steady-state temDeraturc method (SST)

Sap flow can also be measured through supplying heat to the stem to maintain a

constant temperature by varying power input rather than in pulses. Tliis called the

steady-state method. An example is the Granier gauge (1985,1987), where two metal

probes are inserted into the wood. Sap flow is derived as a function of rate of heat

second sensor far upstream on the stem. Here, sap velocity is calculated as:

(Equation 2.2)

Where 5T(0) and 5T(U) are temperature diflerences at zero velocity and at sap

velocity U, respectively; a = 0.0206 and b = 0.8124 (Granier, 1987). Values of (a)

measuring sap flux in large stems.

Heat pulse velocity methods (HPV)

Heat pulse velocity (HPV) measurements involve determination of sap flux within

the whole trunk by integrating various point measurements within conducting wood.

HPV measurements are based on the assumption that wood is thermally

homogeneous, vessels conduct sap at uniform velocity, and that interstitial space

between vessels are small enough to allow transverse heat transfer to occur between

moving sap and stationary wood in negligible time (Marshall, 1958).

loss from a heater in comparison to the ambient sap temperature recorded by a

U = [5T(0)/5T(U)-l/a],/b

and (b) are not species sensitive, making the method more suitable than the SHB for
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Swanson (1981) found that interstitial distance larger than 0.4 mm were enough to

wood thermal inhomogeneity. Heat transfer calculation can be based oncause

maximum temperature or temperature equilibration between two sensing points. In

the former method (Equation 2.3), HPV is computed from the time, tm, it takes a

single sensor at a known distance downstream from the heater to reach maximum

temperature (Erickson, et al.91986; Cohen et al.f 1988).

(X‘-4ktm)/tm (Equation 2.3)

Where V is the heat velocity, x is the distance between the heater and the sensor, and

k is the thermal diffusivity of the wood (Cohen et 1981). When sap flow is high.

tm is definite, but with lower rates, the heat peak is less definite and takes longer to

detect, thus lengthening the interval between individual measurements (Grime,

1992).

Tlie equilibration technique on the other hand, is based on the fact that the

temperature wave is symmetrical along the stem axis. Thus, if equal temperature is

detected at two points up-and down-stream of the heater, then the peal has travelled

to a distance halfway between the two sensors (Swanson and Whitfield, 1981). It is

calculated as:

(Equation 2.4)V = & — xu)/2to
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from the

heater, and to is the equilibration time. The construction material of sensor probes

and the heater have negligible influence on heat transfer (Swanson and Whitefield,

1981). This method is favoured because the only measured value is the time of*

equilibration. No restricted spacing is recommended, but tu (time of upstream from

the heater) is usually less than td (time of downstream from the heater) Measurements

from widely spaced sensors are not as accurate as those from close ones, but they are

more reproducible (Cohen el al.9 1988, 1993).

Marsahll (1958) converts heat velocity to sap velocity using Equation 2.5.

(Equation 2.5)Vs = vh (Psm Csm)/(PsCs)

Where Vs is heat velocity, Ps, Cs are density and specific heat capacity of sap

(assumed to be equal to heat of water), and PSm and CSm are density and specific heat

capacity of green wood.

The density and heat capacity of green wood is obtained by determining moisture

content, volume (Wj) and oven - dry weight (Wd) of wood (equations 2.6-2.9). Then

heat capacity and density of green wood are computed as the sum of the proportion

of each multiplied by its heat capacity or density respectively (Edwards and

Warwick, 1984).

Where x<j and xu are distances of the downstream and upstream sensors
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Fl = (W「Wd)/Wd (Equation 2.6)

Fm = Wd/(1.53Wi) (Equation 2.7)

(Equation 2.8)

Csm = ((I.53FmCm)+(C,Fi))/(Fi+1.53Fm)KJ/kg/°C (Equation 2.9)

Where,

Wpand Wa are weight of green and oven dry wood respectively

Wj is volume of wood sample

Fj and Fm are volumetric Iraclion of water and the wood matrix respectively.

Limitations of Heat Pulse Velocity Methods

The heat pulse velocity method was used in the current study. Therefore, literature on

its utility is reviewed in more detail here. Since embedding of heat sensors into the

stem tissue causes damage to its vessels, it modifies its conductivity (Zimmermann,

1983). This can be accounted for by measuring the wounding extent (Swanson and

Whitefleld, 1981).

Wound effects can be observed by tyloses bud initiation, which demonstrated a loss

of vessel water conductance (Zimmennann, 1983). Tyloses buds appearing close to

the probe insertion points can be assumed to be caused by wounding, though

sometimes drought may cause the same efiects (Tyree and Ewers, 1991; Moore,

1993).

Psm = (1530Fm+ 1000F1) kg/m3 
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Wound diameters can be determined by measuring those areas of the stein cross

sections that arc not stained when cut trees arc made to absorb dyed water (Olbrich.

1991). Wound diameter increases with time, but may stabilize at a given day (Hatton

et al.. 1995) while in Pinus species wound diameter remained stable for 10-20 days

(Swanson and Whitefield, 1981), and up to 27 days in Eucalyptus marginata

(Marshall, 1993). Wounding can be avoided by using heaters wrapped around stems

(Heine and Farr, 1976). This is most desirable fbr small stems, but it can overheat the

xylem bearing the heater (Stone and Shirazi, 1975).

Measuring sap flow by heat pulse methods requires precision in temperature

determination in a situation prone to noise from ambient conditions as well as

physiological growth processes and sometimes microbial activity (Swanson, 1984).

Such points of measurements on individual stems arc prone to more error than is

generated when scaling readings up to homogeneous stand levels using stem

diameter or canopy size (Hatton et aL、1995).

Linear relationships between transpiration and leaf area are only good when soil

water is not limiting (Greenwood et al.f 1992). Linear relationships between

conducting wood diameter or stem diameter and transpiration were found to be more

consistent (Hatton et al.9 1995).

Even within the same trunk, sap flux density varies at diflerent loci in the conducting

wood depending on previous climatic conditions (Miller et al.9 1980; Olbrich, 1991).

When integrating point measurements to whole stem sap flux, fitting a polynomial to
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sap flow velocity at different depths into the stem is prone to artefact (Edwards and

Warwick, 1984).

Brrors from using heat pulse methods accumulates from several empirical equations.

therefore, calibration is necessary especially if used on species that are not thermally

homogeneous. The accuracy of the heat pulse method with the compensation

technique varies with tree species when tested against the gravimetric transpiration of

the cut tree.

High accuracy was obtained with Eucalyptus grandis (Olbrich, 1991) and Eucalyptus

Magnifera Mudie (Moore, 1993), but as much as 62% underestimation was observed

in Eucalyptus largiflorens during drouglit (Streeter, 1993). Granier et al. (1996)

found that sap flux density from the heat pulse was in agreement with that from other

methods for flows of more than 0.5 cmhd in various species.

Stem capacity contributes up to 25% of total daily transpiration (Morikawa, 1972). If

this contribution is obtained from above the position of sap flow measuring devices,

it might be missed. That is why instantaneous measurements of transpiration and sap

flow sometimes fail to agree (Grime et aL, 1995a). Nevertheless, all thermal methods

mentioned above, if carefully set up, are capable of generating good agreement

between daily sap flow and transpiration measured as weight loss from covered

potted tree or cut stem (Smith and Allen, 1996).
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Conducting wood vessels

The distribution of conducting vessels in wood determines where sap flow occurs. In

ring porous wood, sap moves primarily through vessels in the most current annual

growth ring (Granier et al.9 1994). In difluse porous wood, vessels are scattered

within the functional sapwood, but most sap flow occurs in the larger, new ones for

each annual ring (Kozlowski and Wingct, 1963).

Sap flow docs not occur in heart wood (Whitehead and Jarvis, 1981), or in the

immature newly differentiating tissue just inside the cambium, or in late wood

(Booker and Swanson, 1979) of coniferous trees. Movement of the heat pulse

through the heartwood is due to heat transfer by moving sap in the adjacent vessels

(Swanson, 1981).

Vessel (tracheid) layout in the stem is such that efficiency and safety are maintained.

Efficiency of transport is mainly through large diameter vessels, but these have to be

small enough to maintain mechanical strength. Vessel length also reduces resistance

to sap flow through avoidance of traversing of pits, but then again there is less risk of

breakage of the water column in shorter vessels. Another protective measure to

maintain transpiration is the fanned out arrangement of vessels such that damage of a

trunk at any point does not result in damage of the whole length of the conductivity

pathway.
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Vessel number is another way of increasing conducting efTiciency. At branch and

petiole junctions, hydraulic resistance is high, preventing rapid loss of water

especially, in drought conditions (Zimmermann, 1983).

Conservative water users arc better adapted to conditions when water is available for

an extended period. Where water is available only for a short while, opportunistic

water users arc more likely to benefit from it before it is lost in fbmi of surface

evaporation, deep percolation or uptake by competitors (Zimmermann, 1983). It does

not follow though, that opportunistic water users may assimilate more diy matter

than conservative ones in case of short-tenn water availability. All it shows is that

opportunists transpire more. This lead into the matter of water use efficiency.

Water use cfllciency of plants changes when they arc water stressed (Ong et «/.,

1996) and the most sensitive stages occur at seedling establishment and crop anthesis

(Howard et at., 1997; Mooney, 1980). Interestingly, some diyland species shed their

leaves to conserve water immediately drought sets in but flush new leaves before the

rains start. Then, available soil moisture, which is stored in soil profile, is used by

species that maintain greater leaf area during drought when other species shed theirs.

However, the presence of many leaves does not automatically imply increased

photosynthesis as some leaves may have reduced transpiration, but efficiency of

water use and stomatai activity determine photosynthetic processes (Fischer, 1980).

Water use efliciency was not part of this study and therefore will not be discussed in

detail.



2.5 Light capture and utilization in AF systems

2.5.1 Theory

Solar energy is the source of energy for the physiological process of plants. Radiant

energy is converted into chemical energy by leaves and stored by the plants fbr

fiirthcr use. Tlie interception and utilization of light, therefore, limits dry matter

production of actively growing plants.

Light regimes in plant canopies are influenced by several physical and biological

factors such as solar position, plant structure, leaf geometry, size, anatomy, age,

height and arrangement of the plants in the field. Moreover, the success and survival

of individual plants in mixed AF systems depends upon how they intercept, compete

fbr and respond to light (Ludlow, 1978).

Competition for light has been observed lo cause reduction in arable crop yields in

various AF systems (e.g., Leuceana leucocephala with maize, Kang el al.9 1981;

Srinivasan et al.9 1990). Shading by Leuceana leucocephala caused reduced yield of

Zea mays and Vigna sinensis growing adjacent to it (Karim et al.9 1991).

Light transmission through upper story canopies depends on their leaf area and light

extinction coefficients (Jackson and Palmer, 1989).
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I he ericcts of shading on the under story, on the other hand, depends on its light

at 450occurs

(Brassica oleracea) at about 800 W/m2 (Jackson, 1983). Light interception by maize

decreases more gradually than water uptake after the plant matures (Howard et 〃/・,

1997). Light use efliciency of maize is conservative at about 1.3 to 1.4 g/MJ (Squire,

1990; Howard et al.9 1997).

Shading during the reproductive stage resulted in less pod production and increased

leaf area and internode length of groundnuts, but shading during the pod-filling stage

had no effect on development (Stirling et al.. 1990). Shaded leaves tend to operate at

a greater light use efficiency, but they suffer from premature senescence (Stirling,

1990; King, 1994). Shading can result in increased leaf biomass to fine root biomass

ratio (Messier, 1992). Biomass partitioning between the root and shoot is driven

more by light intensity rather than light quality (Messier, 1992).

Competition for light occurs when the presence of one plant reduces the net

photosynthesis of another by reducing the amount of radiant energy it receives. In the

context of photosynthesis, the solar spectrum can be divided into two fractions. The

waveband between 400 and 700 nm, which most plants use for photosynthesis, is

referred to as photosynthetically active radiation (PAR). In the tropics, the ratio of

PAR to total solar radiation has been found to be 0.51 for clear sky conditions and

0.63 for cloudy conditions (Stigter and Musabilha, 1982).

requirements. Light (PAR) saturation in potato (Solanum tuberosum) 

W/m2, in bean (Phaseolus vulgaris) at 600-650 W/m2 (Sale, 1975) and in cabbage
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The fraction of PAR in the coming solar radiation at the top of a crop canopy can be

separated into that reflected by the canopy and that which is cflcctivcly available to

plants (Net), that is:

Net PAR = incoming PAR - Reflected PAR (Equation 2.10)

Part of Net PAR is absorbed by the plants, while the other is transmitted to the

ground that is:

(Equation 2.11)Net PAR = Transmitted PAR + Absorbed PAR 

Experimentally, the absorbed PAR is estimated by the difference between the net and

transmitted PAR, though more commonly the interception of PAR by canopies is

assessed from the diflercnce between incoming PAR and transmitted PAR.

Solar radiation received directly from the sun is called direct or beam radiation. Its

irradiance on a horizontal surface is proportional to the sine of the solar angle, which

varies during the day and with latitude and season. Some of the solar radiation is,

however, scattered by gas molecules of the atmosphere (e.g. dust, gas, clouds) and is

received as diffuse radiation. Difliise radiation is richer in PAR than direct radiation

increases with cloudiness (Szeicz, 1974a). Because of the greater penetration of

diffuse light and the progressive absorption of direct light, the proportion of diffuse

to direct increases with depth in the canopy.

as it emanates from the whole sky hemisphere and its proportion of total radiation
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2.5.2 Light interception in boundary tree planting AF

Vertical gradients in light interception are important depending on the relative

heights of the tree and crop components. In this AF system, the crop is shorter and

has a much smaller leaf area than the tree component.

It is, therefore, at a competitive disadvantage relative to the trees with large canopies.

Because the canopies arc separated vertically, the relationship between the two

species can be analyzed as a permanent shading of the crops by the trees. In this case,

it is possible to treat the tree and crop canopies vertically discrete strata

intercepting light (Ong et al.91996), therefore, the quantification of light interception

and conversion by each component is done by using sensors located above and below

the tree and crop canopies.

Line planting of a 7-year old Paulownia trees had light transmissivites that ranged

from 50, 55 and 35%, for 3, 7.5 and 12 m respectively form the lines of trees

(Newman et al.9 1998). Maize yields were 63% of the sole crops and light was found

to be the limiting factor in the system. Zhang (1996) working in a temperate climate

in UK found that a line of Poplar trees shaded under-story grass to a distance of 2 m

from the tree line. The amount of the incident radiation reaching the grass beneath

the trees was 49% compared to that in the open.



57

1997).

Several studies in the literature also show that unpruned hedgerows behave like 

upper-story trees in terms of light competition with crops. Daniel etal. (1991), using 

lines unpruned pigeon pea interplanted with various crops, found that shading by the 

pigeon pea extended up・to 1 m and PAR reaching the under-story crop ranged from 

46 to 57%. Unpruned 2-year-old black locust tree [Robinia pseudoacacia) imposed 

the interplanted maize crop (Ssekabembe et al..serious competition for light on

mangium reduced light incidence on 

to 59%, thereby causing reduction in crop yields.

l he amount of PAR reaching under-stoiy maize crop in the unpruned hedges ranged 

from 22 to 25% compared to that in the open. Miah et al. (1995) found that the 

unpruned hedgerows of Gliricidia sepium^ Acacia auriculifbrmis and Acacia 

the under-story rice and mungbean crops by 53

Similarly, Corlett et al. (1992b) 

relative to sole millet was attributed to reductions in 

mean seasonal fractional light interception by Leuceana 

greater canopy development increased shading (Howard et al.t 1995).

found that reductions in millet yield of 69 to 77% 

mean daily solar radiation and 

leucocephala9 due to its
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2.5.3 Methods of measuring light interception in AF systems

Light interception by plants can be measured directly or indirectly. Sheehy (1985),

Pearcy (1989) and Sinoquet and Caldwell (1995) have reviewed the main methods

for measuring inlercepted radiation by crops. Indirect estimation of the light

interception consists of measuring variables that are strongly dependent on light

capture. Such methods include single leaf photosynthesis (Bcyschlag et aL, 1990),

plant CO2 assimilation or transpiration and dry matter production (Rimmington.

1985; Sinoquet et al., 1990).

However, indirect estimation methods always involve additional mechanisms that

may themselves fluctuate as the result of resource availability. Consequently, the

general reliability of such approaches is questionable, but they may be Musefiirf in

providing estimates, especially in case of mixed ibliage (Sinoquet & Caldwell,

1995).

In direct measurements, radiation sensors measure downward and upward radiation

fluxes within the canopy (Sinoquet & Caldwell, 1995). In particular, sensors located

at the upper and lower bounds of the canopy allow one to obtain a radiative balance

of the whole canopy (Varlet-Grancheer and Bonhomme, 1974). Plant scientists have

used two types of sensors, the energy (PAR) sensor and the photon (quantum) sensor

(Newman, 1989), to measure light interception by plants.
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measurement of PAR in relation to canopy transmissivities (Blackbum & Proctor.

1983; Corlett et al.9 1992a; 1992b). Tube solarimeters sensitive to radiant energy

over the whole spectrum and the quantum sensors, which respond to the wavelength

band from 400 to 700 NM, are the most commonly used sensors fbr measuring light

interception by plant canopies.

Contrary to homogeneous monocultures, measuring light capture in intercrops

requires a great number of sensors in order to integrate variation due to the canopy

useful in avoiding experimental limitations in other types of radiation field

measurements. New sensors such as Amorplious Silicium Cells (ASC) correctly

measure quanta fluxes in PAR waveband (Charlier et a/., 1989). Newman (1985,

1998) used low-cost E cell coulometers for longtime integration. Tracking systems

that move sensors along a transect provide an alternative way to integrate spatial

variation (Perch, 1986; Matthews et a/., 1987).

2.6 Description of study tree species

In Siaya, farmers were reported to prefer Markhamia lutea. Eucalyptus species,

Grevillea robusta^ Casuarina equisetifblia^ Senna siamea and Acacia meanisii for

boundary planting (AFRENA, 1997). For the purpose of this study, the top 4 most

preferred species for household needs by farmers were selected.

I he quantum sensor is often preferred fbr measurement of photosynthetic cfTicicncy 

inr elation to absorbed PAR, whilst the energy sensor is preferred fbr the

structure and distinguish light interception between species. Low-cost sensors are
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Turnbull (1997), ICIIAF (1998), MacDicken (1994), National Academy or Sciences

(1994) and Useful trees and Shrubs for 1 anzania (1994).

2.6.1 Casuarina equiseti/blia L.

2.6.1.1 Botanic description

An evergreen, dioecious or monoecious tree 6-35 (60) m tall, with a finely branched

crown. Crown shape initially conical but tends to flatten with age. Trunk straight.

cylindrical, usually branchless for up to 10 m. up to 100 (max. 150) cm in diameter,

occasionally with buttresses. Bark light greyish-brown, smooth on young trunks.

rough, thick, furrowed and flaking into oblong pieces on older trees; inner bark

reddish or deep dirty brown, astringent.

The branchlets are deciduous, drooping, needlelike, terete but with prominent

angular ribs, 23-38 cm x 0.5-1 mm, greyish-green, articles 5-8 mm long, glabrous to

densely pubescent, dimorphic, either deciduous or persistent. Twigs deciduous,

entirely green or green only at their tips. The minute, reduced, tooth like leaves are in

whorls of 7-8 per node.

Flowers unisexual; perianth absent, replaced by 2 bracteoles. Male flowers in a

terminal, simple, elongated spike, 7-40 mm long, bome in whorls with 7-11.5

whorls/cm of spike, with a single stamen. Female inflorescence on a short lateral

ll】e four tree species which were selected fbr this study at Siaya arc reviewed as



branchlet, cylindrical, cone-shaped or globose, 10-24 x 9-13 mm; bractcoles more

acute, more or less protruding from the surface of the cone. Infructescence a woody.

conelikc structure. Fruit a grey or yellow-brown winged nut (samara).

2.6.1.2 Ecology and distribution

Casuarina equisetifblia has the widest distribution of all Casuarina species and

naturally on subtropical and tropical coastlines from northern Australiaoccurs

throughout Malaysia, southern Myanmar and the Kra Isthmus ofTliailand, Melanesia

and Polynesia. It is doubtfully indigenous to the Mekong Delta in Vietnam and to

Myanmar and possibly also to Madagascar. It has also been introduced to a number

of countries, where it is often naturalized. By 1954 South China had established an

estimated one million hectares.

The climate in its natural range is semi-arid to sub-humid. In most regions there is a

distinct dry period of 4-6 months, although this seasonality decreases towards the

equator in Southeast Asia and in the southern parts of its range in Australia.

Casuarina equisetifblia is commonly confined to a narrow strip adjacent to sandy

coasts, rarely extending inland to lower hills, as in Fiji. Found on sand dunes, in

sands alongside estuaries and behind fore-dunes and gentle slopes near the sea. It

may be at the leading edge of dune vegetation, subject to salt spray and inundation

with seawater at extremely high tides. Casuarina equisetifblia may be the only

woody species growing over a ground cover of dune grasses and salt-tolerant
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broadleaved herbs; it can also be part of a richer association or trees and shrubs

collectively tenned the Indo-Pacific strand Florida, USA. It seeds freely throughout

the area and has spread rapidly like a weed (National Academy of Sciences, 1994).

Altitude ranges from 0 to 1400 m, Mean annual temperature ranges from 10 to 35 nC.

Mean annual rainfall is between 200-3 500 mm. Soils are invariably well-drained and

rather coarse textured, principally sands and sand loams. The species tolerates both

calcareous and slightly alkaline soils but is intolerant of prolonged water logging and

may fail on poor sands where the subsoil moisture conditions are unsatisfactory.

2.6.1.3 Propagation and management

Casuarina equisetifolia is wind pollinated. Trees are mostly monoecious. Female

cones mature about 18-20 weeks after anthesis and open shortly after this, releasing

Fruit on a tree docs not all mature at the same time, often presenting asmall samara.

problem for seed collection, hi cultivation, C. equisetifolia hybridizes with

Casuarina glauca and Casuarina jiiiighuhniana.

Propagation is mainly by seed; however, there is an increasing use of cuttings. Seeds

takes up to 2 weeks and is epigeal. Plantations can be established using containerized

seedlings, bare root seedlings or rooted cuttings. Seedlings should be planted in well-

drained light soils, not clay soils, to decrease the incidence of diseases and pests.

Appropriate watering, correct spacing of plants and adequate light should check

can be sown without pre-treatment but should be protected from ants. Germination



damping-off in the nursery. Seedlings can be pricked out when 3-10 cm tall and

transferred to beds or containers. Plants are typically suitable for out-planting when

25-30 cm tall.

A planting density of 2 500 stems/ha is commonly used but some farmers plant up to

8 000-10 000 stems/ha when liiclwood and small poles arc the required product.

Casuarina equisetijblia is a poor selP-pniner. Side pruning is necessary up to 2 m to

make plantations accessible for maintenance. Casuarina equiseti/blia is not fire

resistant and protection is necessaiy. It coppices only to a limited extent and best

results arc obtained when cut young.

Timely thinning is essential as the species demand light. For timber production, an

intermediate thinning will be required for steins to develop. Young trees are

susceptible to competition from weeds, especially grasses. They are susceptible to

drought until their roots reach the groundwater table, which may take up to 2-3 years

after planting. The species is also susceptible to termites.

Casuarina equisetifolia has a life span of40-50 years and displays fast early growth.

Under favourable conditions, early growth rates are about 2 m/year in height and the

trees have good form in cultivation. On favourable sites, it can yield an annual

or 2 x 2 m spacing on 6-15 year rotations yield 50-200 t/ha. Dry weight per tree

ranges irom 15 to 25 kg at 3 years of age, depending on site quality.

increment of 15 cubic m/ha of wood in 10 years. In India, plantations using 1 x 1 m
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In South China, where an estimated one million hectares in shelterbelts along the

coastal dunes have been established since 1954, heights of 7-8 m and diameters of 5-

7 cm are achieved in about 4 years. Tlie rotation period ranges from 4-5 years for

fuelwood and 10-15 years for poles. Mean annual increments usually fall in the range

of 4-5 cubic m/ha per year.

2.6.1A Functional uses

The highly regarded wood ignites readily even when green, and ashes retain heat for

long periods. It has been called 'the best firewood in the world' and also produces

high-quality charcoal. Calorific value of the wood is 5000 kcal/kg and that of the

charcoal exceeds 7 000 kcal/kg. It has been used fbr both domestic and industrial fuel

such as for railroad locomotives. In Asia, leaf litter from plantations is often removed

to be used as fuel. The wood is used to produce paper pulp using neutral sulphate and

semi-chemical processes, and as a raw material fbr rayon fibres.

Casuarina equisetifalia yields a heavy hardwood with an air-density of 900-1000

kg/m3. Heartwood is pale red, pale brown to dark red-brown, moderately to sharply

diflercntiated from the sapwood, which is yellowish or pale yellow-brown with a

pink tinge. Grain is straight, slightly interlocked or wavy; texture fine to moderately

fine and even. Shrinkage is moderate to very high, and in the latter case the wood is

difficult to season due to severe warping and checking. Wood is hard to very hard

and strong.
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「he heartwood is highly resistant to pressure treatment, but sapwood is amenable to

such treatment. On sawn timber, the rays are prominent on radial faces. Uses include

house posts, rafters, electric poles, tool handles, oars, wagon wheels and mine props.

The bark contains 6-18% tannin and has been used extensively in Madagascar for

tanning purposes. It penetrates the hide quickly and furnishes swollen, pliant, soft

leather of pale reddish-brown colour. Root extracts are used fbr medical treatment of

dysentery, diarrhoea and stomach-ache. In West Malaysia, a decoction or the twigs is

used for treating swelling and the powdered bark is used for treating pimples on the

face.

Since it is salt tolerant and grows in sand, C. equisetifolia is used to control erosion

along coastlines, estuaries, riverbanks and waterways. In Sarawak, Indonesia the

with hot, dry winds the tree protects crops and animals herds. In South China, an

estimated one million hectares has been established in shelterbelts along the coastal

dunes.

Root nodules containing the actinorhizal symbiont Frankia enable C. equisetifolia to

proteoid rootspossesses

mycorrhizae.

fix atmospheric nitrogen. These root nodules can be prolific. Casuarina equisetifolia 

and forms associations with vesicular arbuscular

species is protected because of its importance in controlling coastal erosion. The 

abundance of highly branched twigs absorbs wind energy amazingly well. In areas
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It is grown as ornamental along streets and seashores. It can be pruned into hedges

and used as a fence around food crops. With high productivity and properties that

enhance soil fertility, C eqidsetijblia shows promise as an AF species (or arid and

semi-arid areas. Experiments at Prabhunagar, India, showed citrus trees grew larger

under C. equisetijblia than in pure stands.

2.6.2 Eucalyptus gramlis Hill ex Maid.

2.6.2.1 Botanic description

Eucalyptus grandis attains a height of 45-55 m, usually with an excellent trunk and a

wide-spreading, rather thin crown; most of the bark and branches are smooth, white

or silvery, sometimes greenish, rough on lower stem, smooth above, debark easily.

Juvenile leaves are petiolate, opposite for several pairs then alternate, ovate up to 16

x 8.5 cm, green to dark green and slightly wavy; adull leaves are petiolatc, alternate,

stalked, lanceolate to broad lanceolate, up to 15x3 cm, green on topside and pale

green on underside, slightly wavy, with a long point.

Fruit or seed capsules several, short stalked, pear shaped or conical, slightly

narrowed at the rim, thin, 8x6 mm, with whitish waxy coating, narrow sunken disc.

and 4-6 (commonly 5) pointed, thin teeth, slightly projecting and curved inward,

persisting on twigs.
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described and named in 1788 by the French botanist

ri leritier. The flowers of various Eucalyptus species are protected by an operculum.

hence the generic name, which comes from the Greek words 'eu' (well) and

’great'.

2.6.2.2 Ecology and distribution

Eucalyptus grandis is native lo Australia and was introduced in South Africa before

1885, and by 1973 there were 275 000 ha planted, 75% of all Eucalyptus species in

the country. The species was introduced to a number of other countries during 1890-

1920, including Angola, Zimbabwe, India, Brazil, Argentina, Uruguay and the East

African region.

In its natural range, E. grandis grows in tall, open Ibrest in sheltered valleys and on

hill slopes, otten in pure or almost pure stands, sometimes in mixed forests. In the

southern part of its natural range, it is found on flats and lower slopes of deep, fertile

valleys and at the edge of rainforests.

Altitude ranges from 0 to 2700 m while mean annual temperature ranges from -1 to

40 °C. Mean annual rainfall ranges from 100 to 1800 mm. Eucalyptus grandis needs

a deep, free-draining soil, and does best on fertile loam or clay-loam soils, but it will

also perform well on lighter sandy soils, provided these are deep enough.

’calyptos' (covered). The specific epithet, 'grandis', is Latin word fbr 'large' or

The genus E. grandis was
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2.6.23 Propagation and management

1 he flowers are bisexual, with fertile male and female organs on the same flower.

Pollination is dependent on insects or animal vectors. Like many Eucalyptus species.

it has a tendency to out-brecd.

Cuttings are more popular than grafting because of graft incompatibility. Selection

be made from trees already of substantial stature at 4 or 5 years of age, by fellingcan

outer lines in plantations and selecting the best trees in these lines. Coppice shoots

from stumps have also been used for propagation.

For pulpwood, fuelwood and timber for mining, a 6- to 10-year rotation is common.

In most countries, no thinning is done on these short rotations. In Zambia, for

industrial plantations, an 8-ycar rotation is used with thinning at the ages of 2 and 5

years. In the same country, a 4-year rotation without thinning is used for production

of small wood for domestic purposes.

Thinning should be done to 3 stems per stump. In Uganda, with initial spacing of 2.4

x 2.4 m to 3 x 3 m, a 7- to 8-year rotation is sufficient to produce trees of 15-20 cm

diameter at breast height, the preferred size for tobacco curing. In India, a 9-year

rotation is used with initial spacing of 3 x 3 m. For saw logs> a rotation of 30 years is

recommended with thinning at ages 7, 11 and 15 years, leaving a final stocking of

250 stems/ha.
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rhe use of boron to reduce die-back and improve the growth rate is essential. For

most types of products, 1 seedling rotation, followed by at least 2 coppice rotations.

practice. Under natural conditions, E. grandis bears heavy seed crops

every 2-3 years. A fully mature tree can produce 2 kg of seed annually. Young trees

or E・ urantlis in the lsl year or 2 after planting arc extremely susceptible to termite

attack.

2.6.2.4 Functional uses

Eucalyptus grandis blossoms regularly and sometimes heavily but usually provides

only small honey surpluses. Tlie tree's main nectar value is as a supporting species.

The honey is amber and strongly flavoured but rather thin. Large quantities of the

wood are used for charcoal Ibr iron smelting, for example in Brazil. The firewood is

used for domestic puiposes and fbr curing tobacco, especially in Uganda.

Eucalyptus grandis has been used for manufacturing sulphate pulp, for example in

Brazil, Uniguay, South Africa and Angola. The wood has been used for fence posts,

building, transmission, telephone poles, Timber, boxes and hooks. It is especially

used fbr boat building, flooring, plywood, panelling and general construction. It can

also be used for sawn timber but has tendency to split.

Soya bean (Glycine max) interplanted with E. grandis as part of an AF research

project in south-eastern Brazil suppressed weeds without adversely a fleeting E.

grandis survival and growth. Maize and sorghum have also been found compatible

is common
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with E. grundis. In South Africa. Eucalyptus grandis planted adjacent to avocado

orchards reduces the yields by shading and competing unfavourably with the

avocados fbr light, nutrients and water.

2.6.3 Grevillea robusta A. Cunn. Ex R.Br.

2.6.3.1 Botanic description

The name commemorates Charles F. Greville (1749-1809), one of the founders of

the Royal 1 lorticultural Society of London. G. robusta is a deciduous medium-sized

to large tree 12-25 (max. 40) m tall; crown conical, dense, with branches projecting

upwards. Bole straight, branchless fbr up to 15 m, up to 80 (max. 120) cm in

diameter, usually without buttresses; bark fissured, sometimes pustulate, dark grey to

dark brown, inner bark reddish-brown. Leaves alternate, lemlike, pinnately (almost

bipinnatcly) compound, 15-30 cm long, exstipulate; 11-21 pairs side axes (pinnae),

4-9 cm long, deeply divided into narrow, long, pointed lobes 6-12 mm wide, upper

surfaces shiny dark green and hairless, underneath silky with whitish or ash-coloured

hairs.

Flowers showy, yellowish, numerous, paired, on long slender stalks 1-2 cm,

composed of 4 narrow yellow or orange sepals 12 mm long. Flower clusters 7.5-15

or branched raceme, protandrous, petals 4, united into a tube that is mostly recurved

under the broadened apex (limb); stamens 4, sessile in the concave limb; disk annular

or semi-annular, sometimes bilobed; ovary superior, 1-locular with 2 ovules, style

cm long, unbranched, arising mostly from the trunk, in a terminal or axillary simple
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Fruits podlikc, broad, slightly flattened (boat shaped), 2 cm long, black with long

slender stalk and long, threadlike, curved style; 1 or 2 seeds, 10-13 min long.

elliptical, brown, flattened with wing all around a coriaceous to woody follicle,

usually oblique and opening along the ventral margin.

2.63.2 Ecology and distribution

Grevillea robusta occurs naturally in Australia. It has been introduced into warm,

temperate, subtropical highland regions around the world and is widely planted in

India, Sri Lanka and many countries in Africa.

naturally in 2 distinct habitats: riverine rainforest inGrevillea robusta occurs

association with either Castanospennum australe or Casuarina cunninghamiana\ or

in vine forest dominated by Araucaria cimninghamii. Rainfall distribution has a

with a winter maximum or a bimodal rainfall regime. In temperate areas, it can

survive moderate winter frosts. It is not resistant to persistent strong winds. In its

natural range, the species is semi-deciduous, shedding most of its leaves in the dry

season, and can stand up to 6 months of drought.

curved and protruding from a slit in the perianth tube, the apex free from the limb, 

eventually straight, persistent.

summer maximum in the natural range, but G. robusta also grows well in climates
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riverine habitats, on alluvial soils that are free or waterlogging and mildly acid to

neutral. Loam soil is preferred. It also occurs on clay loam and sand

The tree first flowers when about 6 years old. In its natural range, flowering occurs

few weeks in October-November, but when planted in equatorial latitudes,over a

flowering is sporadic throughout the year or absent, as in Jakarta. The flowers are

bisexual, and pollen is shed before the stigma becomes receptive. Pollinating agents

include honeybees, birds and arboreal marsupials (Phalangeridae), which collect

nectar and pollen from flowers.

The period from fertilization to fruit maturity is about 2 months. Fruit opens during

hot, dry weather, releasing the seeds, which can be carried considerable distances by

wind. In Java, G. robusta has mature fruit from September to January. Seed dispersal

is by wind.

2.6.3.3 Propagation and management

Grevillea robusta can be propagated through seed and cuttings, although seed is

difTicult to collect because of the great size of the tree. No pretreatment of seed is

required, and it germinates readily in a moist environment. The optimum temperature

for germination is about 25 °C at a rate of 60-80% in 20-28 days. Cuttings can be

Altitude ranges from 0 to 2300 m while annual temperature ranges from 14 to 23 to

25 to 31 °C. Mean annual rainfall ranges from 600 to 1700 mm. Establishes well in
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easily established using shoots from seedlings or saplings, which can also be air­

layered.

Grevillea robusta is moderate to fast growing. When climate and soil are suitable

and weed competition is not severe, annual height and diameter increments of at least

2 m and 2 cm, respectively, arc usually achieved for the 1st few years in row planting

on farms. Annual height increments of 3 m have been observed at the most

favourable sites. Grevillea robusta regrows well after complete defoliation following

pruning and pollarding, which can be carried out repeatedly to yield wood and to

regulate shading and competition with adjacent crops. It is characterized by root

suckering, hcncc it is a good candidate fbr management under coppice rotation; it

responds well to pollarding, lopping and pruning.

A plant density of 800-1200 trecs/ha is recommended for plantations. Some control

of competing vegetation is required for the 1st 1-2 years after planting. Seedlings are

normally planted at a spacing of 2.5-3 x 3-4 m. The relatively open canopy of G

robusta makes it less suitable fbr areas with erosional hazard. It also easily

regenerates naturally, especially in agricultural fields. For firewood production,

rotations of 10-20 years are applied and annual volume increments of 5-15 cubic

ni/ha may be expected. A growth reduction after 20 years is reported. The species is

known to produce substances toxic to its own seedlings.
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2.63.4 Functional uses

The golden flowers arc attractive to bees, making it an important honey plant. G.

robusta is popular for firewood and charcoal. It is also used to liiel locomotives and

river steamers, power boilers and small industries. The calorific value of sapwood is

about 4800 kcal/kg, while that of heartwood is 4950 kcal/kg. Mean fibber length is

about 1.5 mm and width about 26 pm; the wood is suitable ibr pulping.

Grevillea robusta yields a medium-weight hardwood with a density of 540-720

kg/cubic in at 15% moisture content. Tlie timber has economic potential. Heartwood

is pale pink-brown, turning to yellow-brown or red-brown on exposure; moderately

clearly differentiated from the crcam-coloured to pale pink sapwood; grain straight to

wavy; texture medium to coarse and uneven; wood lustrous; prominent silver grain

on radial surface.

Shrinkage upon seasoning is low to moderate; seasoning properties are rated from

good to poor; wood air-dries slowly. It has a tendency to warp and check; therefore,

thick material should be air-dried slowly followed by a mild kiln schedule to avoid

honeycombing. The wood is hard, of low strength, but elastic, can be peeled and

sliced satisfactorily, is moderately durable to non-durable and shows an absorption of

creosote of 128 kg/cubic m when treated by open-tank method and 321 kg/cubic m

with pressure treatment. The wood is susceptible to marine borer, pinhole borer and

termite attack.
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It is easy to work with hand and machine tools, but cutting at an angle of 10 degrees

is required to obtain a good finish on quarter-sawn faces. The wood is used in

making railroad ties, plywood, panelling, air-ircight cases and furniture, parquetry.

turnery, boat building, interior trim, cabinet work, parquet flooring, boxes, toys and

novelties. Gum or resin: by virtue of their solubility, viscosity and relatively high

resistance lo hydrolysis, G. robusta gums may have some industrial applications.

The flower buds, fruit and seeds arc cyanogenic. Tlirough contact with the leaves,

chemical compound related to the allergen toxicodendron.

Grevillea robusta is grown as a shade tree in coffee and tea plantations. Its spreading

branching system makes it ideal fbr windbreaks or shelterbelts against wind-induced

mechanical damage, high rates of transpiration and surface evaporation. Grevillea

robusta is a pioneering colonizer of disturbed sites. Grevillea robusta provides

abundant quantities of leaf mulch, which may accumulate to a depth of 30-40 cm.

This thick layer protects the soil and maintains soil temperature. The leaves and

twigs are apparently rich in aluminium.

Its majestic height, attractive shape and beautiful foliage make G・ robusta an ideal

tree for landscaping of private and public gardens. The cut leaves are used in flower

arrangements, and young plants are grown as indoor pot plants in Europe.

sensitive persons may develop contact dermatitis due to tridccylrcsorcinol, a
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be successfully intercropped with banana, tomato and other agricultural crops. The

species is prone to tennitc attack in the tropics.

2.6.4 Markhamia lutea Benth.

2.6.4.1 Botanic description

Markhamia lutea is an upright evergreen tree 10-15 m high, with a narrow, irregular

crown and long taproot. The bark is light brown with fine vertical fissures. Leaves

arc compound, often in bunches, thin and wavy, each leaflet is up to 10 cm, wider at

the tip, oflen with round outgrowths at the base.

Flower buds are yellow-green and furry, splitting down 1 side as flower emerges.

Flowers are bright yellow, in showy terminal clusters, each trumpet shaped, to 6 cm

long, with 5 rrilly lobes, the throat striped with orange-red.

The fruit is very long, thin, brown capsules, to 75 cm in length, hanging in clusters

and tending to spiral, splitting on the tree to release abundant seed with transparent

wings, 2.5 cm long and yellow-whitish when mature. The genus was named after Sir

Clement Markham, who introduced the famous quinine-yielding cinchona into India.

The specific epithet, 'lutea', is Latin for golden-yellow.

A deep rooting system causes little interference with shallow-rooted crops, and it can
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2.6.4.2 Ecology and distribution

Markhumiu lutea is common in the lake basins and highland areas of eastern Africa.

The tree is drought resistant but cannot withstand water logging. The species is

native to Ethiopia, Kenya, Tanzania and Uganda.

Altitude ranges from 900 to 2000 m. Mean annual temperature ranges from 12 to 27

°C while mean annual rainfall ranges between 800 to 2000 mm. Trees prefer red

loam soil but can tolerate well-drained, heavy, acidic clay soils.

Markhamia lutea trees flower fbr much of the year. In western Kenya, flowering

occurs from August to September, followed by seeding in February to March. Fruits

develop within 6 months of insect pollination.

2.6.43 Propagation and management

Natural regeneration is mainly by seed. Pretreatment is not necessary, and under

ideal conditions, seeds germinate within 20-30 days, with an expected rate of 30-

60%. Trees may also be propagated by seedling or wildings.

Markhamia lutea grows fast in good forest soil, and plants can attain growth rates of

more than 2 m/year. Trees can be pruned and pollarded to reduce shading and are

coppiced when they are about 1.7 m in height. Pods should be collected from the
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trees after they turn grey. Young trees arc oflen attacked by shoot borers, resulting in

crooked stems.

2.644 Functional uses

Markhamia lutea provides good bee forage. Trees arc a source of firewood and

produce good charcoal. Fuclwood is used to cure tobacco in western Kenya. Tlie

wood, which is fairly resistant to tennites, is used for furniture, poles, posts, tool

handles and boat building. Leaves arc known to have medicinal value.

useful shade and acts as a windbreak. It provides mulch, which enhances soil­

moisture retention and increases organic matter. Markhamia lutea poles can be used

as props to support banana trees and along field boundaries.

Although M・ lutea. C. equiseti/blia, E. grandis and G. robusta are a very promising

AF trees in western Kenya, there is not enough information available in-terms of

their management, such as crown and root pruning, effects on growth and yield of

crops when planted along agricultural fields as boundary plantings.

Markhamia lutea is recommended for use in soil-conservation. The species provides
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CHAPTER THREE

3.0 MATERIALS AND METHODS

The study consists of fanners' survey at Siaya and field experiments at Siaya and

Nyabeda, western Kenya. The two experimental sites were chosen on the basis of the

problems identified during earlier survey (Tefcra, 1999). Thus, this chapter describes

the materials and methods used in this study. It covers the following: the procedures

and methods used in the fanners' survey, description of the sites where the studies

were conducted and the tree species and crop that were used in the study. It gives

details on experimental designs used and the establishment, management and

assessments of fanners, trees, crop yield, soil water, light and Iree water uptakes (sap

flow). It also describes the types of data analysis used for farmcrs, survey, tree

parameters, maize yields, soil water, sap (low and light interception, by both trees

and maize crops.

Farmers' survey3.1

Prior to initiation of the field trials, a base line survey was conducted in Siaya

starting from January 1999 with the specific objective of identifying tree species

grown on-farmy gathering fanners knowledge of trees for farmlands, constraints for

tree planting and their willingness to plant economically valuable trees on crop land.

Farmers9 tree pruning practices and their observations of tree-crop interactions were

also recorded.
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The study was carried out in six randomly selected villages in Siaya (see section

321.1 for site description). Within each village, about 5-10 farmers were selected

systematically for detailed survey (Franzel, 1996) and stratiGed sampling of fanners

(Scott, 1985) was adopted in order to cover a range of farmers (women vs. men.

small large holdings, Appendix 1). Sample stratification also includedvs.

chosen to give maximum coverage of the area. Structured questionnaire (Franzel,

1996) was used to find out whether or not farmers intercrop trees with crops, the

types of intercrops, the complcxity/degrce of tree pruning and period(s) of tree

pruning (Appendix 1). To avoid interview fatigue the questionnaire was divided into

three broad sections:

1. household characterization

2. tree planting, niches or patterns of tree planting on farms etc.

3. farmers* tree pruning (management) practices and their observation of

tree-crop interactions.

4. fanners* future plans and their constraints in growing trees with crops on

their farms.

3.2 Field experiments

Two field experiments were carried out i.e. one at Siaya and the other at Nyabeda in

western Kenya.

infbnnation such as sex, income, education level and age. Sample farmers were



3.2.1 Siaya site

3.2.1.1 Site description

The field experiment carried out in Siaya (crop based land use system) District is

of 3,528 square kilometres of which 1,005 square kilometres are under Lakes Sare

and Kanyboli, adjoining the Yala swamp, and portion of Lake Victoria. Siaya has an

average farm size of 1.4 hectares and a population density of about 400 person/km2.

Siaya district is not well endowed in natural vegetation apart from fbw scattered

woodlots of naturally growing trees such as M. hitea and few planted exotic species

such as E. grandis and G. robusta. There arc no gazetted forest resources. It is

therefore one of the districts in the country that is least aflbrested (Siaya District

Development Plan, 1993).

The field experiment with an over all objective of evaluating the effect of crown and

root pruning treatments on utilization of soil water, tree and maize growth and yield

was carried on an existing fbur-year-old trial entitled "Effect of phosphorus fertilizer

application on the growth rate of six multipurpose tree species for pole production in

November 1995. The experimental area slope rises gradually from 0% east to about

3% to the west.

boundary planting configuration.11 The experiment was established at the Siaya 

Institute of Technology farm (0° 04'N. 34° 17'E and at about 1300 masl.) in

located in Nyanza province in western Kenya (Figure 3.1). The District has an area
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^Nairobi

200 KAimeteri

Figure 3.1: Location of Siaya and Nyabeda experimental sites in western Kenya.
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The climate conditions are described using the data of Mascno, Usingu Dispensary

(EAMD registration no. 90.34021) rainfall station which has a rainfall record or 28

per year. T he rainfall per year is not uniformly distributed. The highest proportion is

received in only few days and therefore, drought is frequent. Long rains occur from

March to August, peaking in April-May (Figure 3.2). Short rains are from September

to January with peak in October-November. The annual temperature ismean

estimated to be 22°C. Potential evapotranspiration as calculated by Pcnman-Montieth

equation is 452 mm in the short rains and 497 mm in the long rains, about 3 mm"

day.

Soils are Eutric Ferralsol (FAO/UNESCO, 1988) and are dominantly developed on

andesites. These soils are well-drained, very deep (>3m), reddish-to-reddish brown,

friable loamy sand to loam. They are well structured and are of medium acidity

(Table 3.1).

3.2.1.2 Experimental design and treatments

Seedlings of six tree species were planted in 1995 (AFRENA, 1997). From the six

species, 4 species (C. equisetifblia, E. grandis. G. robusta and M. lutea). which were

most preferred by farmers, during the fanners and pole/timber sellers evaluation day

at Siaya (Tefera, 1999), were selected and used for this study.

altitude of 1220 masl. Rainfall is bimodally distributed and averages about 1200 mm

years (Figure 3.2), and is about 30 km south east of the experimental site al an
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Figure 3.2: Mean monthly rainfall distribution for (a) Siaya (1997-2000) and (b) 
Nyabeda (1998-2000) in western Kenya.

260 n
240
220200 180 160 140 120
100
80 |
60
40
20 o 4—*

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months

84

respective levels were as follows:

The experimental design was a 4 x 4 factorial combination or tree species and 

pruning treatments laid out as a randomized complete block design (RCBD), with 

three replications. The field layout is as shown in Figure 3.3. Treatments and their
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Table 3.1: at Siaya and Nyabcda experimental
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Pruning treatments

1. Crown pruning 3. Both crown and root pruning

2. Root pruning 4. Control (no pruning)

Note: Crown pruning is cutting of side branches and pollarding.
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Figure 3.3: Experimental layout of Siaya, western Kenya
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3.2.1.3 Experimental establishment

Each block measured 40 m x 100 m while each plot measured 7 m x 8 m. Each plot

was made up of a single row of (bur trees planted at 2 m spacing (Figure 3.4). The

following pruning treatments were imposed on all the four trees per plot in March

1999.

1. Crown pruning: Crown pruning (pollarding) was carried out at4 m

height. Branch pruning was applied up to 3 meters.

Branches between 3-4 m were cut to 30 cm from the

tree stem. Machetes (pangas) was used for crown

pruning.

Tree roots were cut at 30 cm length and 30 cm depth2. Root pruning:

from the base of the tree in all directions in circular

fbmi. Axe and hoes were used fbr root pruning.

3. A combination of crown and root pruning: Trees were subjected to both

and root pruning. The procedures andcrown

methodologies of the pruning were as described above

for crown and root pruning.
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4. Control: Trees were left un-pruned (without crown or root

pruning) for comparison with other treatments.

As noted above, the spacing between trees was 2-m. The spacing used fbr maize was

0.75-m for inter row and 0.25-ni intra row. For the purpose of comparison the rows

of maize were numbered from 1, being lhe nearest to the tree lines, to 4 being the

furthest from the tree lines (Figure 3.4).

7 m
0000 + 0000

0 0 0 00 0 0 0
0 0 0 0 + 0 0 0 0

12 3 412 3 48 m
0 0 0 0 + 0 0 0 0

0 0 0 00 0 0 0
0 0 0 0 + 0 0 0 0

3.2.2 Nyabeda site

3.2.2.1 Site description

The Nyabeda tree root pruning experiment was located at the Nyabeda school farm

(0°08'N, 34° 25 *E, 1300 mas!) in Siaya district, western Kenya (Figure 1).

Figure 3.4: A field layout showing the arrangement of trees and maize rows in a 
plot at Siaya. western Kenya.

+ = Boundary trees
0 = Maize
1-4 = row numbers
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Climate is sub-humid with a mean annual rainfall of 1600 mm per year, which is

bimodally distributed. Long rains occur from March to August, peaking in April-

May (Figure 3.2). Short rains are from September to January with a peak in October-

November. ll】e mean annual temperature is estimated to be 22°C. Vegetation of the

Nyabeda site is similar to that of the Siaya site (sec section 3.2.1).

Soils are Eutric Fcrralsol (FAO/IJNESCO, 1988) developed from andesites parent

materials. The topsoil (0-15 cm) has a clay content of 55% and pH of 5.5 (Table 3.1).

The soil is deep (>3m).

3.2.2.2 Experimental design and treatments

RCBD replicated 4 times with 3 root pruningThe experimental design was

treatments. The field layout is as shown in figure 3.5.

Tree species

G. robusta

Pruning treatments

1. Root pruning (one side)

2. The other side unpruned

3. Control (no root pruning on both sides)
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Figure 3.5: Experimental layout ofNyabeda, western Kenya
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3.2.2.3 Experimental establishment

An existing experiment, originally planted for studies of ^effects or trees on nutrient

competition and capture'' (Livesley, 1999), was used for Nyabeda experiment. Trees

in Nyabeda were planted in March 1993 in a 20-m long single rows. Grevillea

robusta was planted at 1 m spacing between trees in the row. For this study, rows

were split into two sub-rows in which 10-m long tree rows were used fbr each

treatment.

Due to bigger plot size (10 m x 10 m) tree root pruning study was extensively carried

out at Nyabeda. Larger plot size also facilitated assessment of labour input for root

pruning. Larger plot size may have helped to minimize interactions between plots

and maximize treatment efleets. A plot size of 10 in x 10 m, a block size of 20 in x

20 m, with a single row or 10 G. robusta trees per plot was used, and then the

following treatments were imposed.

1. Root pnming (only on one side): Tree roots were cut at 30 cm radius and 30 cm

depth from the base of the tree in one direction.

Axe and hoes were used in root pruning.

2. Control with one side unpruned: The side in which tree roots left unpruned was

monitored different treatment andas was

compared with the side which was pruned.
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3. Control (no pruning): Both sides of tree roots were left unpruned for

comparison.

3.2.23 Field layout

The spacing used for maize was 0.75 m (br inter row and 0.25-m intra row. For the

purpose of comparison the rows were numbered from 1, being the nearest to the tree

lines, to 10 being the farthest from the tree lines (Figure 3.6).

1 234567891010 m 1098765432 1

Figure 3.6: A field layout showing the arrangement of trees and maize rows in a
plot at Nyabeda. western Kenya.

3.3 Establishment and management of experiments

After initial ground breaking, the land was manually cultivated according to local

fanning practice. Tlie plots were cultivated with hoes (similar to mattocks) to a fine

tilth when rains were about to begin. At the beginning of the first season, 1-m deep

trenches were dug at margins of the sole plots in Siaya in order to stop roots of tree

plots from interfering with the neighbouring sole maize plots.

| 0000000000 + 0000000000
| 0000000000 + 0000000000
| 0000000000 + 0000000000

0000000000 + 0000000000

()000000000 + 0000000000 
| 0000000000 + 0000000000 
I 0000000000 + 0000000000 
| 0000000000 + 0000000000

+ = Boundary trees
0 = Maize
1-10 = Row numbers



I he sole maize plots in Nyabeda were located at distance from tree plots and.

therefore, needed no trenching. During the course of the study, there were five maize

cropping seasons in Siaya and four maize cropping seasons in Nyabeda. For all

cropping seasons, maize was planted in each site. Maize (hybrid 513) was cropped

biannually during the long rains (March to April) and the short rains (September to

January). As noted above, the maize was spaced at 75 cm between rows and 25 cm

within rows giving a total population of 53333 plants per ha. Tliere were 4 rows of

maize on each side of the trees in Siaya and 10 rows on each side of the trees in

Nyabeda. There were 9 rows for crop only control in Siaya and 21 in Nyabeda. Two

seeds were planted per hole but were thinned leaving only one plant per planting hole

at 4 weeks afler planting.

Experimental plots were weeded twice per season. Tlic first weeding was done 2

weeks and the second one 5 weeks after maize sowing. An insecticide was applied

(Graduator) around trees to protect them against termites during termite attack

periods. Crown and root pruning for Siaya and only one-side root pruning fbr

Both TSP and urea were applied to both sites at the start of the experiment.

thereafter, TSP was applied every-other season while urea was applied every season.

The application method fbr both TSP and urea was broadcasting all over the

experimental plots.

on both sites in order to maximize treatment effects on variation of maize production.

Nyabeda were carried out at the start of both experiments. Triple super phosphate 

(TSP) 250 kg per hectare (65 kg P ha'1) was applied during maize planting and urea 

100 kg per hectare (46 kg N ha-1) was applied 6 weeks after plantings, in all the plots
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3.4 Data collection

3.4.1 Fanner assessment

Infbnnal and formal surveys (using stniclured questionnaire) were conducted in

Siaya District with speciiic objectives of assessing farmers' tree pruning practices

and their observations of trcc-crop interactions on-famis. Farmers' constraints in

managing trees planted with crops were also assessed. During selection of fanners

for the formal survey, stratified sampling was adopted (Franzel, 1996). Within each

village 5-10 fanners were selected and a total of 19 households in the district were

able to participate in the fbnnal survey. The number of farmers who participated in

the informal survey was 50.

The five to ten farmers were visited randomly in the months of November, December

1999 for infbnnal survey and in January 2000. for formal survey. Each (ami visit and

interview lasted between 30-45 minutes. The survey questionnaire (Appendix 1) was

compiled after the infbnnal survey was conducted in all the villages, in order to fulfil

the objectives of the survey.

A household was used as sampling unit for the interviews. The interview was

conducted with the head of the household, or the wife or member of the household

acting as representative in decision-making. The interview exercise took about 15

days and was conducted between 9am to 5pm. Most of the interviews were in

English and/or Luo (vernacular), in which the respondent was most proficient.
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3.4.2 Tree growth assessment

As indicated earlier, the tree pruning experiment at Siaya was performed on an

existing experiment. The objectives, methodology, and results up to 33 months after

tree planting were reported in AFRENA progress reports (1997).

Tree growth in height and diameter at breast height (DBH), economic evaluations of

tree pruning by fanners and pole sellers were assessed just before the pruning was

applied at Siaya. Parameters such as branchiness, canopy spread and tree stem fbnns

of the different species were also recorded.

Time taken in tree crown and root pruning were recorded and tools used in tree

pruning were noted. Farmers and pole/timbcr traders evaluation of the quality of the

species for fiielwood, construction poles and timber was also monitored by arranging

farmers and pole/timbcr sellers visits to the experimental sites before and after

pruning treatments were applied. Tree mortality, height (m)f DBH (cm), crown

(lateral) spread, radialion, stem fbrmf biomass produced from pruning and tree

response to pruning, by how quickly new foliage is produced following the crown

pruning in Siaya, were monitored every month for the first 6 months and every 6

months thereafter for 3 years.

After pruning treatments were applied on trees in Siaya, only DBH was continued to

be measured, due to the nature of the different pnining treatments applied in the test.
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Some plots were crown pruned and the others were not. Lateral spread or tree canopy

was scored, just before the treatments were applied visually.

Evaluation of fanners and timber merchants of tree species uses, assessments or tree

growth parameters, tree perlbmianccs, biomass produced from pruning and tree

responses to pruning arc detailed below:

Evaluation of tree species by fanners and/or pole sellers: Farmers and pole sellers

were invited to evaluate, in tenns of uses and market values, the tree species jul

before the pruning treatments were applied. Tlieir evaluation of the different tree

species was recorded accordingly.

Height in in and diameter at breast height (DBH) in cm were taken on all planted

trees just before pruning treatments were applied (long rain, 1999 for Siaya and short

rain 1999 for Nyabeda). Height was measured using a measuring rod to the nearest

0.1 m and DBH using a calliper to the nearest 0.1 cm.

Two diameter measurements were taken in opposite direction to reduce variability.

The mean was then detennined. Volume of a tree was calculated using a Ibimula

1/3 ji * h, where n = 3.142, r = radius of the tree(Mwihomeke, 1990): Volume

measured at 1.3 m height and h = height of the tree.
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Branchiness was scored visually for all study trees before pruning using numerical

numbers from 1 一 5. Where, 1 = very little branchiness, 2 = little branchiness, 3 -

medium branchiness, 4 = branchy and 5 = very branchy.

C anopy spread was also scored visually using numbers from 1 一 5. Where, 1 very

little spread, 2= very spread, 3 = medium spread, 4 = wide spread and 5 = very wide

spread.

Tree bole Ibnn was scored from 1 - 5. Where, 1 = very good, 2 = good, 3 = medium.

bad and 5 = veiy bad. Tree bole straightness, lack of multiple leaders and/or

fbrkiness were some of the qualities used in scoring the tree fbnns.

Biomass production from crown pruning: Biomass production per tree and species

was taken for all species during the time of pruning. Measuring balance was used to

and percentage moisture content was then calculated using the following equation:

MC = SFW ■ SDW / SDW; Biomass DW = (Biomass FW / MC - 1), where, MC

Moisture content, SFW = sample fresh weight and SDW = sample dry weight.

The pruned materials from the various species in the test were sun dried and given to

the Institute of Technology, which is found within the experimental site.

Informations (such as the amount of wood needed for cooking food (kg/hr), fire

weigh biomass production. Sample leaxes and stems of pruning materials were also 

taken for dry weight estimation. Samples were oven dried (105°C) lo constant weight



98

slrength and level of smoke) were noted while using the pnined materials as

firewood.

Tree survival aflcr pnming and sprouting ability of pruned trves were taken as major

Hie tors for tree responses to crown pruning. Therefore, tree survival rate was counted

and tree branch sprouts were scored from 1-5, where 1 = no sprout, 2 little sprouts. 3

medium sprouts, 4 = many sprouts and 5 = very many sprouts. Branch sprout was

also detennined in lenns of number, length and diameter at 2 years after pruning.

Measuring rods and callipers were used to measure branch length and diameter of

trees respectively. This inlbnnation was recorded after pruning and the data

presented in this thesis arc summaries of various scorings taken at various times.

Tree responses to root pnming in terms of survival and tree root rc-growth was

monitored on few (2 trees per species and treatments, replicated 3 times) trees at 2

years after tree pruning and was determined as percent of crossectional area of new

roots as compared to cut (old) roots of each species.

Root diameters were measured as cut and re-growth. Diameter measurements were

converted to crossectional areas for cut and new roots. The crossectional areas of the

re-growths were added together and were presented as percent re-growth compared

to the cut (old) roots.
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3.4.3 Soil water

Soil moisture content was determined biweekly for two years i.c. fbur cropping

seasons in Siaya and three cropping seasons in Nyabeda. Both Theta probe (Delta T

Devices, Burford, Cambridge. UK) and neutron probe mclhods were used in Siaya

while the neutron probe was the only method used in Nyabeda.

a) U'hctaprobc

Theta probe method was used to detennine soil moisture content in the top 0.3 ni.

For calibration of Theta probe, 30 randomly selected soil samples were taken at 0-15

and 15-30 cm depth for 3 diflerent moisture levels i.e. wet, moist and dry. All

samples for the 3 diffcrenl moisture levels were oven dried (105°C) to constant

weight. Percentage moisture content was then calculated using equation 3.1:

% moisture content = ((weight of moist soil - weight of dry soil) / weight of dry soil)

Equation 3.1x 100 

Percent moisture content was then regressed with the Theta-probe moisture readings

to get the coefficients 9q and d\ for soil at Siaya. Values from the regression analysis

were then fit to calibrate the readings from 1'heta-probe.
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Volumetric water content Theta-probe reading * 0.0387 + 7.6216. Therefore the

filled equation for relationship that has been given in the manual fbr Theta-prube

calibration (User manual, 1998) was:

Volumetric water content = (1.1 +4・44V)・M&.

Where: V= Moisture readings by Theta Probe,品(0.0387) and d\ (7.6216) arc

constants from relationship equation found from calibration.

b) Neutron probe

Neutron probe was used because it integrates the soil moisture over a larger area Ilian

the Thetaprobe method, hence takes care of spatial variability in soil moisture

content (Ong et al.. 1996). Tlicrefbrc, soil moisture content below 20 cm soil profile

was monitored by using a neutron probe (Didcot Instrument Co Ltd., Abingdon

Oxon, England) at the centre of tree plots.

The neutron probe was standardized by first taking probe count reading from a drum

Rill of water before each field-recording occasion. Aluminium access tubes (50mm

internal diameter) were installed in every plot to depth of 2.1 m at 1 m and 2 m from

tree lines fbr Siaya and at 0.3 m, 1.15 my 2.25 m, 4.85 and 7.85 m from tree lines for

Nyabeda.
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Neutron probe calibration

Soil moisture calibration of the neutron probe was done gravimctrically (Bell, 1987).

calculated from equation derived byVolumetric soil water content (VSWC) was

using 100% water contents (in dnnn of full of water), actual soil counts and known

soil volume and weight of cored soil samples. Using the known volume of a ring

core, soil cores were removed at the same depths as those of the probe count (from

25 to 200 cm at intervals of 20 cm) and then dried in the oven to detennine % water

content gravimctrically (Bell, 1987).

To enable neutron probe calibration, extra access tubes were installed close to where

the soil moisture probe count in the plots was being recorded. Calibration of the

neutron probe was done using access tubes during the diy period. To achieve

different soil water levels, the soil profile was wetted using three watering regimes of

0, 500, and 1000 litres.

Two of the access tubes received no water representing driest period. Two other

tubes received 500 liters and another two 1000 litres. The use of several watering

regimes provides the opportunity to increase the accuracy of estimating soil moisture

counts when using neutron probe counts between dry and completely wetted soils

(Bell, 1987).
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Circular iron cylinders (50 cm radius) were driven into the soil (fbr each 20 cm soil

profile up to 2 m) around the tubes to concentrate soil wetting around tubes. Wetting

was done for 2 days and afterwards probe counts were made fbr all calibration tubes.

Before taking probe counts in the extra calibration tubes, the drum water count was

recorded. The neutron probe counts were divided by 100% water count to provide

water count ratios at each soil depth.

From a trench of 2 m depth made on one side of the access tubes, soil cores for

gravimetric water detennination were taken down the profile at the same soil depth

interval as those of the neutron probe counts. Tliat is, at 20y 40,60, 80,100, 120, 140,

160, 180 and 200 cm of soil depths. The soil depths presented here are the real soil

depths after correcting for the depth (15 cm) from the top of the access tube.

Known soil volume was obtained by using metal cylinders measuring 5 cm diameter

and 5 cm length. The cylinders were driven carefully into the soil profile walls to

extract undisturbed soil core samples at approximately the same depths as those used

in the recording of the probe counts. The extracted wet cored soil samples were

tightly sealed using plastic paper and weighed. Their dry weights were obtained by

oven drying at 105° C to constant weight. Volumetric soil water content was

calculated directly as weight of water per unit volume of soil contained in sample

cylinders. The percentage water content in sample rings was converted into

volumetric soil water content by multiplying with soil bulk density (1.13 g cm-3 for

both sites). Regression of probe counts ratios to volumetric soil water content

provided the equation for converting probe count into volumetric soil water content
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Two separate calibration regression equations for neutron probe (br 20-130 cm and

140-210 cm were used because (i) the neutron probe count sphere during dry periods

may exceed the surface soil horizon into the atmosphere and (ii) in some plots

hardpan and gravel occurred within less than 100 cm depths, thus having diflcrcnt

soil texture between surface and deeper soils. For instance, Bell (1987) cautions that

neutron probe sphere of influence in dry soils exceed 30 cm and therefore counts

near the soil surface may give inaccurate readings due to loss of some neutrons into

the atmosphere. Therefbre using one calibration equation fbr both surface and at

depth of soil layers might exaggerate the soil moisture situation at the surface.

Neutron calibration was peribnned fbr each site separately as recommended by Bell

(1987).

Regression equations of volumetric soil waler content (0) to probe count ratio.

Siaya:

a) Volumetric water content (0) 20-130 cm depth:

Equation(Probe count/Water count) * 43.35 + 13.325 3.2

b) Volumetric water content (0) 140-210 cm depth:

(Probe counl/Water count) * 30.67 + 17.205 Equation 3.3

% Volumetric water content:

Bulk density * % gravimetric water content Equation 3.4
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Nyabeda:

a) 20-130 cm depth:

Probe count/VVatcr count * 66.668 + 1.4565 Equation 3.5

b) 140-200 cm:

Probe count/Water count * 48.191 +10.211 Equation 3.6

% Volumelric water content:

EquationBulk density * % gravimetric water content 3.7

Rainfall canopy throughfall

Rain throughfall under the crown pruned and un-pruned (control) trees of G. robusta

and C. cquisetifolia were quantified during the 3ld. 4lh and 5lh seasons of the Siaya

experiment. This was done in block 1 and 2. Two rain-gauges were installed in each

plot at the centre of the plot at one and two meters from tree lines on only one side of

the plots.

Another two rain-gauges were also installed out side the plots, with no tree

interference. Tliis measurement gave an estimate of how much rainfall was received

without being intercepted by trees. At all times, measurements were made aRer a

rainfall event during the day.
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3.4.4 Sap flow

Sap flow is waler and solute movement in the phloem. Sap movement in the plants is

correlated with transpiration rates (Zang el «/., 1996; Cohen ct aL, 1993). The heat

balance and heat pulse methods have been described as the best (or estimating

transpiration in AF systems (Klian and Ong. 1996; Hatton et al.. 1990). After

evaluating the two methods. Cohen et al. (1993) recommended the use of heat pulse

to estimate transpiration of bigger trees in the field rather than the heat balance

method because of systematic errors encountered with the latter in estimating

transpiration of bigger trees. For this reason, the heat pulse method was used to

estimate transpiration rates of C. equisefi/blia and G. robusta tree species used in this

study.

Sap flow or transpiration per tree by treatments (in cn?hd) was measured using heat

pulse gauges manufactured at ICRAF based on the QM-54 heat pulse design (Khan

and Ong, 1996). Heat pulse gauges consisted of a 38 ohms heater and two sensor

probes. The sensor probes were embedded in the xylem of the pruned and unpruned

trees. Positioning sensors at diHerent depths into the stem tissue had taken into

account the variability in sap flux density between the cambium and heartwood

(Hatton et al.9 1995). Heat pulse gauges were connected to a datalogger (CR21X.

Campbell Scientific, Leics) to record the velocity of the heat pulse every 30 minutes.



106

Heat velocity (V) was calculated using Equation 3.8 (Marshall, 1958):

Vh = (Xu - Xu)/2tn (inni/min) Equation 3.8

Where Xj and Xu are distances of the downstream and upstream sensors from the

heater, and tu is the time between the release ortho heat pulse and the equilibration of

temperature between the upstream and downstream sensors.

In order to measure total transpiration, heat gauges were inslalled on the stem of each

tree being monitored (3 trees per treatment). Three trees per treatment were wired al

the same time, each with 3 sets of probe gauges thus allowing nine probes at each

recording. Because M the probes* limited wire length, only three closely planted

trees could be used.

The heat probes were inserted into the trees through pre-drilled holes (Figure 3.7).

The holes were drilled with help of a guide jig block that contained holes spaced at

the appropriate distances for probe spacing (Khan and Ong, 1996). The probe

needles were embedded into trees at height of 1.2 m and the diameter of the stem at

this height was measured. The drilling was carefully done to avoid disturbing the

tissues and tilting from horizontal drill line.
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Each sensor probe is made of thermocouples placed at 0.5 cm, 1.5 cm and 2.5 cm

from the tip. The sensor probe pair is place in vertical plane to measure sap flow

velocities upstream and downstream at 0.6 cm below and 1.6 cm above the heater

also avoided. After inserting the heat gauges, aluminium foil was used to cover the

needles to reduce effect of ambient temperatures from interfering with that measured

limitation of the availability of Sap flow equipment, only two species (C

cquisetijiilia and G. robusta) were included in this study.

Sensor i
Xd

Xd and Xu are predetermined distances downstream between sensor 1 and the heater

probe and upstream between sensor 2 and heater probe for calculating sap velocity

respectively. The tip, middle and outer thermocouple positions on the probe sensor

are indicated (Khan and Ong, 1996).

Flcat orobe
Sensor 2

Figure 3.7: Illustration of a set of heat pulse gauges inserted into a stem of 
diameter D and indicating sapwood and heartwood proportion.

Thermocouples

1 -4-H+-
I I LU— 

Tip Mid Inner

Sapwood Heartwood Sapwood

for Nyabeda and 3rd and 4lh cropping seasons for Siaya, fbr 10-15 days. Due to the

probe respectively (Figure 3.7). Drilling through a defbnncd part of the stem was

by the probes. Sap flow monitoring was carried out during the 2nd cropping season
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SaD flow calculations

Heat pulse velocity was converted to sap flux density (the volume of sap moving in

the stem per unit cross sectional area per second) using equation 3.9:

Equation 3.9Vs=V|1(P5mCsm)/(I\C5) 

Where Vh = heat velocity

I\, = density

= specific heat capacity of sap

Psm = density of green wood

specidc heat capacity of green wood.sm

It is assumed that density and specific heat capacity of sap arc equal to that of water.

was estimated as described by Edwards and Warwick (1984).

For each treatment. Sap flow (Q) or transpiration per tree (in em'h') was calculated

by integrating the product of sap flux density at each sensor position and its

respective cross sectional area of conducting wood (A) (Green and Clothier, 1988).

Thus, fbr a tree of radius under bark (r) and heartwood radius (h) the cross sectional

areas sampled by sensors at the three depths were calculated in equation 3.10 through

3.13:

The volumetric proportions of wood and water were dctemiined before PSm and C9m
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Al Equation 3.10

Equation 3.11

A3 Equation 3.12

'I hcrefbrc, Q = Vs . A Equation 3.13

Where, Q = sap flux, Vs = sap flow velocity and A = wood conducting area

(A1+A2+A3), Ji = 3.14.

Three trees or the same size under each species and site were used simultaneously in

the test during each measurement occasion. Al the time of the sap flow measurement.

mean DBH of C equisetifalia was 8.23 cm and that of G. robusta was 9.11 cm at

Siaya while that of G. robusta at Nyabeda was DBH or 12.73 cm. Sample trees used

in Sap flow measurement exhibited similar DBH at both sites. The sap velocity data

was averaged in half hourly interval lor each probe thermocouples and stored in the

datalogger.

3.4.5 Fractional light interception measurements

To determine the shading efleet of the upper-story trees on the under-story maize

crop in Siaya, light interception measurements were done during the four cropping

when maize was planted in the trial. The fraction of incomingseasons

photosynthetically active radiation (PAR) incident on the maize crop and the fraction

intercepted by the maize canopy were measured during these seasons.

ji r2 - ji (r-1)2 Ibr sensor closest to the cambiuin 

A2 = ji (r-1)2 - ji (r-2)2 for the second sensor 

ji (r-2)2 - ji h2 for the deepest sensor
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Light interception was measured using a sun fleck ccptomclcr. Ten measurements in

each plot, replicated 3 times, were taken (at the height where leaves arc green) by

holding the ccptomclcr perpendicular to the rows. On every occasion, the fraction of

incoming photosynthetically active radiation (PAR) incident on the maize crop and

the fraction intercepted by the maize canopy were taken between 1200-h and 1400-h

local time, every two weeks for two years. The above and below maize canopy

measurements were used to determine fractional light interception by maize crop.

Interception of PAR was estimated by the equation 3.14:

Fractional intercepted PAR = 1 - (PAR below canopy / PAR above canopy)

Equation 3.14Stigler and Musabilha. 1982

The fraction of incident pholosynthetically PAR reaching tlie maize crop canopy and

the fraction intercepted by it were then calculated for each treatment on row by row

basis. For detailed data assessment information fbr Siaya and Nyabeda sites, please

refer to Tables, 3.2 and 3.3 respectively.

3.4.6 Maize growth and yield

Growth measurement of maize crop commenced two weeks after maize emergence.

Height (cm) of the middle ten maize plants, in each row were measured every two

weeks. Height was measured using a height measuring pole to the nearest 0.1 m, and

root collar diameter (10 cm above ground) using small calliper to the nearest 0.1 cm.

Standing maize plants and cobs were counted row by row just before harvesting, in
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order to be able to evaluate trends or maize yield with distance from the tree line.

Thereafter maize was harvested and kept separately fbr each row. Cobs and stover

fresh weight (kg) were also recorded for each row. Sub-samples of cobs and stovers

Irom randomly selected rows of each treatment were taken and oven dried to

determine grain and stover diy weight yields respectively. The oven-dried sub­

samples of cobs were shelled manually to determine grain weight.

Threshing percentage was calculated using the equation 3.15:

Tlircshing % = (Grain weight / cob fresh weight) x 100 ... Equation 3.15

Grain yield per row/plot was dclcnnincd using the equation 3.16:

Equation 3.16Grain yield (kg) = cob fresh weight x threshing %

Maize growth and yield studies were undertaken in five cropping seasons lor two and

half years in Siaya and in four cropping seasons for two years in Nyabeda. Effects of

tree pruning on maize yields were studied by comparing growth and yields of maize.

with and without tree pruning treatments for both sites.

The maize yield in both Siaya and Nyabeda were obtained from harvesting the

mature maize cobs in the plots at specified maize rows on both sides of the tree lines

during the five cropping seasons.
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3.5 Data management and analysis

3.5.1 Farmers' survey

The data collected from the questionnaire were coded and keyed in a computer using

excel and then transferred to SPSS 6.0, computer program for Windows (Erlbaum,

(UK). Since most of the data were qualitative, frequency distribution of responses

were examined using descriptive statistics and none parametric tests, such as Chi-

square tests (fbr both tests of goodness or fit and tests of association).

3.5.2 Experimental data

For each experiment (site), inferential statistics was used to analyze tree, maize.

moisture and light parameters. Analysis of variance (ANOVA, Tables 3.4 and 3.5)

was used to test the differences between treatments for tree survival (data subjected

to arc sign transibnnation prior to ANOVA), tree height, tree DBH, tree volume.

crown pruned trees, time spent in pruning trees, changes in water content, rate of

changes in sap flow or transpiration, fractional radiation intercepted by trees and

crops and maize yield in terms of cobs diy weight and grain yield.

For ANOVA, a probability of 0.05 or less was accepted as indicating that treatment

effects were occurring. If significant eflect did occur, means were separated by

Fishefs Least Significant Diflerence (LSD) method (Chew, 1977).

crown spread, stem form, biomass produced from pruning, re-coppicing ability of
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Regression analysis was used to determine correlations and their coefficients. Then

mean ANOVA outputs of these results were transformed back to their original units.

Mean scores and rankings of qualitative data were rounded to the nearest figures.

In addition to the main experimental design, diflerent data analysis methods and

approaches were involved depending on the design of the experimental level and

objective of the comparison. Analysis of variance (ANOVA) was used to compare

the effect of tree pruning treatment on crop yield at each experimental level. An

experimental unit is defined as a single unit in which a treatment is applied and these

were:

1. Main plot: where treatment means of c.g. Height, DBH, biomass from tree

effect on crop yields or soil moisture is compared at the plot level.

2. Subplot: where effects of tree on soil moisture or crop yields are compared

between treatments at fixed distances from tree rows. This is necessary when

evaluating the interactions between trees and distance on soil moisture, crop

yields or crop growth.

3. Sub subplot: where soil water at diflerent soil depths is compared between

treatments at each fixed distance from the tree lines. This is also necessary

when evaluating interactions between tree pruning treatments, distance and

depth.

crown pruning are compared. It is also applicable where overall treatment
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Microsoil Excel and Genstat 5 release 4.1 (Rothamsted Experimental Station)

program fbr Windows were used for preparation of data summaries and analysis.

Because of the need not only to compare treatment difference but also interactions

between tree species, treatments, distance and depth the structure of data analysis

treated as split plots in the main treatment plots (Mead et al.. 1993). Forewas

example: Crop growth and yield measurements for each sampling occasion fbr whole

plots were compared between treatments by ANOVA.

Crop growth and yield measurements fbr each sampling occasion fbr whole plots

were compared between species and pruning treatments by ANOVA. Since repeated

measurements were carried out fbr crop yield, split-plot analysis of variance was

used to establish diflercnccs between species and treatments at each measuring

occasion.

The interaction between species, pruning treatments and distance was examined

with, each distance from tree rows treated as a sub subplot. Least significant

determined when Fishefs F-test was significant. Thedifferences (Lsd) were

relationship between maize grain yield and distance from tree lines at both sites were

tested by regression analysis.
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lable 3.2:

Nature of assessment and comments

Farmers survey

1" and 2nd

lM, 2nd and 4,h Hciglit, DBH, bole form and crown scoringTree parameters

1" and 2nd

I "and 2nd

Moisture

3,d and 4,hSsip-flow

Light assessment using ceptometerLight

Note: Is1 season = March-August 1999 (long rains)v 2nd season B September-February 2000v 
nnnnx aonnn jidi  ___一心一 ___________season

1M, 2nd, 3"* and 
4“

Survival, shoot coppice and number of coppice 
and DBH

Variables measured Season of 
assessment

Tree biomass fresh weight in kg and dry 
weight in kg

Time spent in crown and root pruning per tree 
per person

Soil moisture readings by theta-probe and 
neutron probe

Time spent in tree 
pruning

Farmers tree planting and tree pruning 
practices on fhrms in western Kenya

Farmers and pole/timber sellers preferences of 
tree species grown at Siaya site fbr fuelwood, 
poles, timber and price estimate of those 
species if being sold by fanners or timber 
sellers

Rainfall measurements under crown pruned 
and unpruned trees as well as in the open air 
for comparison

rains 2000), 3rd season = March-August 2000,4“ season = September-February 2001 v 
March-August 2001.

1M and 2nd for 
growth, 1", 2nd,

Height, root-collar diameter and cobs and grain 
yields

Tree responses to 
pnining

Rain-fall canopy 
interception

Fanners and timber 
sellers assessment 
of species at Siaya

Tree biomass 
(1M pruning)

Maize growth and 
yield

1 气 2nd, 3rd and 砂 
2nd, 3"*, 4th and

3"*, 4"' and 5* 
for yield

Rate of transpiration per tree per hr for the 
pruned and unpnined trees

Details of assessments made during the course of the study fbr Siaya 
Experiment, western Kenya.

(short 
砂 season

1M
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Tabic 3.3:

Variables measured Season of assessment Nature of assessment and comments

IM, 2nd and 3,dTree parameters Height, diameter

M

132nd and 3rd Survival and effects on height and DBH

1M, 2nd, Cobs and grain yieldsMaize yield

Moisture

Sap-flow

Light assessment using ceptometerLight

September-February 2000 (short rains 2000), 2nd season = March-August
September-February 2001v 4 season = March-August

Where similar repeated measurements are involved (e.g. crop yields, soil moisture,

light etc.), residuals from the neighbouring sample units are likely to be more closely

correlated on any measuring occasion than those measured at different times or those

measured at the same times but further away.

In such cases assumptions made for ANOVA (that sample units are random, error

terms are nonnally distributed, homogeneity of variance and additively effects occur

in linear model) are violated and become invalid in estimating existing enor. Other

data analysis methods such as split plot analysis, regression analysis and least

I11.2nd, 3rd. and 4*

Time spent in root pruning per tree per 
person

Details of assessments made during the course of the study fbr Nyabcda 
Experiment, western Kenya

Transpiration per tree per hr for the root 
pruned and unpruned trees

Tree responses to 
root pruning

Time spent in tree 
root pruning

Soil moisture readings by 
neutron probe

Note: 1st season = 1 a
2000 (long rains 2000). 3rd season
2001 -
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significant difference of means (Lsd) were adopted, as appropriate (Mead ct u/..

1993).

In most eases repeated measurements were treated as split plots at each measuring

occasion since they were repeated in intervals in space and time (Mead el 1993).

Although there many ways of analyzing repeated measurements sucharc as

multivariate analysis, which is rather complex, split-plot analysis war recommended

for similar studies (Mead et al.. 1993).

Furthermore, where effects of tree on crops or soil moisture were compared at

specific times and space, summaries of data for each variable were made and tested

by regression analysis.

Where individual tree species growths such as height, DBH and volume of stem are

summarized standard error of the means were used to test variations between

individual values or means of tree species.

Specifically, to compare the elTect of treatment on crop yields or soil moisture at plot

level, ANOVA was appropriate for these comparisons between treatments. To

compare relationships between crop yields and soil moisture or rainfall and crop

yields or crop yields with rainfall, regression analysis was appropriated (Mead et aL.

1993) where independent variables (such as rainfall) were correlated with dependent

variables (crop yields or soil moisture etc.).



Trccs/Sap flow: Random; Block - Block/plot & Treatment『Species x 
Treatment.  
Block (B)
Species (S)
IMS
Treatment (T)
BxT
SxT
Residual error
Maizc/Light: Split/split plot; Block = Block/ main plot plot/sub-plot & 
Treatment = Sole mai/c/( Species x Treatment x Maize Row)
Block (B)
Species (S)
B x S (error-1)
Treatment (T)
SxT
BxT
B x S x T (crror-2)
Row (R)
BxR
SxR
TxR
S xTx R
Residual error

Soil water: Block = Block/main plot plot/sub-plot & Treatment =
Sole maizMSpccics x Treatment x Distance x Depth)

Block (B)
Species (S)
BxS
Treatment (T)
SxT
DxT
B x S xT
Distance (D)
BxD
Depth (P)
Bx P
SxD
SxP
TxD
TxP
SxTxD
SxTx P
SxTx Dx P
Residual error
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l ablc 3.4: Structure of the ANOVA comparing the dinbrent Treatment at Siaya.

4x4 fhetoriM design wilh different ANOVA analysis approaches (Random/split plot analysis) 
Source of variation Degrees of

freedom (dD

2
 8

163

243

249

72
3290

9

2738

2

3

6

3

9

6

181

8

6
 9
1
4

2
3
 6
 3

9

6

183
6
9

2
 3
 6
 3
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Table 3.5:

RCBD design with dirfcrcnt ANOVA analysis 叩prouchcs (Random/split plot analysis)

Source of variation

9

3
2

3
2

3
2

4
8
12
24
9
27
18
72
72

9
27
18
36

Soil moisture: Split/split plot: Block = Dlock/inain-plot/sub-plot & Treatment 
Sole maizc/(Treatment x Distance x Depth)

Block (B) 
Treatment (T) 
BxT 
Residual error

Degrees of 
freedom

Block (B) 
Treatment (T) 
BxT (crror-1) 
Row (R) 
BxR 
TxR 
Residual error

Trees/S叩flow: Random; Block = Block/plot & Treatment 
Treatment.

Block (B) 
Treatment (T) 
BxT (error-1) 
Distance (D) 
TxD 
BxD 
B x T x D (error-2) 
Depth (P) 
BxP 
TxP 
TxDxP 
Residual error

Stnicturc of the ANOVA comparing the dirfcrcnt Treatment at 
Nyabcda.

Maize: Split plot; Block - Block/plot & Treatment = Sole 
inaize/(Trcatnient x Maize Row)
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At sub plot level (e.g. at specific distance from tree lines or rows), cfleet or Ihe

interactions between trees and distance on crop yields or soil moisture was tested by

ANOVA at each distance. However, regression analysis between yields or moisture

summaries with distance was also done.

To separate effects arising from the presence of trees as opposed to (hose resulting

from differences between tree treatments, a factor, named Msole maize'' was included

to distinguish plots containing trees from those lacking trees.

Furthermore, since the sole maize plots lacked corresponding distances from trees.

treatment comparison with sole maize to detenninc trees effects was carried out

when contrasting tree pruning treatnienls with sole maize at each sample distance

using ANOVA.

At a sub subplot level (soil depth at specific distance), soil moisture at each depth

was regressed with depth.

In summary, ANOVA was used to compare interactions between species, treatments,

distance and depth eflect on soil water content. Contrasting of individual species and

pruning treatments with the control sole maize plots was carried out at each distance

to determine the effect of trees on soil moisture at diflerent distance from the trees.
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The repeated mcasuremcnls of soil water analyzed separately fbr eachwere

measuring occasion as split plots and compared with least significant dincrcnccs of

means (Lsd) between species and treatments, when Fisher's F test indicated that

differences were significant.

Because the sole maize plots had no trees, the results presented here comparing

species and treatments with sole maize plots at diHerent distance from trees, are

made when each particular distance from trees is treated separately as an entity and

then compared with soil water in the sole maize plots.

Data was grouped and merged according to the changes in rainfall during the long

and short rains of measurement seasons. And, therefore, data was summarized for

April-May (long rain-wet), June-July (long rain-dry), October-November (short rain­

wet) and December-January (short rain-dry).
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CHAPTER FOUR

4.0 RESUEFS

Chapter 4 presents tl)c results of the diflcrcnt outputs and research findings at both

Siaya and Nyabeda sites. The chapter is subdivided into different sections lor the

specific sub- studies undertaken. Section 4.1 presents results of fanners' survey

while results of tree growth and biomass produced are presented in section 4.2.

Section 4.3 presents results of soil water under diflercnt trees and pnming treatments

while section 4.4 deals with results of sap flow or water iiiovenient in the trees, in

relation to the dinerent Ircatmcnts. Results of light interception in boundary planting

are presented in section 4.5 while Section 4.6 deals with results maize growth and

yield in relation to the diflercnt pruning treatments.

4.1 Farmers9 survey

A survey of farmers' tree pruning practices in Siaya District, western Kenya, was

undertaken. Results from these surveys were used in the planning of tree-crop

management studies at Siaya and Nyabeda. western Kenya. Hie baseline inlbmiation

based on the fbnnal survey at Siaya has been processed and results are presented in

this subsection. The survey results are categorized under diflerent sub-sub sections.

These include household characterization, farmers1 tree planting and niches for tree

planting, fanners* tree management practices and their observation of tree-crop

interactions on farms and farmers1 constraints in tree planting and management.
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4.1.1 Household characterization

The decision on the fann and household activities was in most cases made by men

making by both men and women was noted in few cases (Table 4.1.1). Age class of

the decision-makers ranged from 31 to > 70 years, although, the most frequently

observed age class of decision-makers was between 31 and 40 years.

The second most frequently observed age class of the decision maker was from 51-

60. Almost all (96%) decision-makers of the household have primary or adult

education. Most households (89%) obtained household incomes from their farms. AU

(100%) respondents own their land. The average size or land holdings per household

according to the 1993 Siaya District plan was 1.4 hectares, however, this survey

found it to be 2.1 hectares.

Table 4.1.1: Farm/household decision makers in Siaya, western Kenya.

N = Number of farmers interviewed, F-pr = Probability value from chi square test.

N
14
3
2
19

0.001

while women made decisions when their husbands' were away or dead. Decision

Category
Male headed
Female headed
Both men and women
Total
F・pr

% 
respondents 

73.7 
15.8 
10.5 
100 

0.001
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4.1.2 Tree planting, niches or patterns of tree planting on farms

Irccs arc found on fann boundaries, home compounds, scattered in crop lands and

woodlots. Niches for trees on farms were identified as homestead, hedgerow in

cropland, internal and external boundaries (Table 4.1.2). Fanners who planted trees

along agricultural fields observed shading effects on crops. Tree planting varied with

planting arrangements among farmers. Some (36.8%) fanners planted trees in lines

while others (10.5%) planted in both scattered and line arrangements (Table 4.1.3).

1'able 4.1.2: Niches fbr trees used by respondents in Siaya, western Kenya.

NCategory

more than one niche fbr planting.

Table 4.1.3: Tree planting arrangements in Siaya, western Kenya.

Category

Number of farmers interviewed, F-pr = Probability value from chi square test.

7
2

9
7
3
10

29*
0.001

% 
respondents

2
19 

0.001

% 
respondents

36.8
36.8 
10.5 
5.4
10.5 
100 

0.001

47.4
36.8
15.8
52.6 

152.6* 
0.001

Ilomestead/woodlot 
Hedgerow in crop land 
Internal and external boundaries 
All 
Total 
F・pr
N = Number of farmers interviewed, F-pr = Probability value from chi square test.
* •N' and % respondents arc added more than 19 and 100% respectively as farmers used

Line
Scattered
Line and Scattered
All
No response
Total
F・pr 
N
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4.1.3 Purpose of tree planting on-farms

Farmers in Siaya District grow trees mainly for fiiclwood, construction poles, timber.

shade, windbreak, boundary demarcation, fencing, fruits, beautification, cash

generation, and medicine. 1'hc most important and widely found and/or grown tree

species in Siaya arc AL lutea, Eucalyptus spp, G. robusta and various fruit trees.

Farmers responses to the categories of tree species planted were grouped as exotics

and indigenous species (Table 4.1.4).

Indigenous species arc nonnally found on-fann and were probably the result of

natural generation. Farmers couldn't tell whether or not their parents or grandparents

planted tree species such as M. lutea. What they know is, when they inherited the

land the trees were already there and, therefore, continued using the trees as their

parents and grandparents did in the past.

Table 4.1.4: Categories of tree species planted on-farm in Siaya. western Kenya.

Category N

3

N - Number of farmers interviewed, F-pr ■ Probability value from chi square test.

5.3 
0 

15.8

78.9 
100 

0.001

% 
respondents

15
19 

0.001

Indigenous tree species only 
Exotic tree species only 
Exotics and fhiit tree species 
A mixture of indigenous tree species 
exotic tree species and fhiit trees
Total
F・pr
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4.1.4 Tree pruning (management) practices

Seventy-four percent (74%) of the fanners in Siaya grow/havc M. lutea in their

fanns. Farmers grow intercrop maize crop with trees. They, however, obscnred tree­

shading crfects on crops by comparing crop yield close to the trees and away from

the trees (Table 4.1.5). Eighty-four percent of the respondents observed that crop

yields that are close to trees were very low compared to crops that are far away from

the trees while 8% said yields are the same. Eight- percent of the respondents could

not answer the question.

Most farmers pruned pole/timbcr species such as G. robusta^ E. grandis and M. lutea

trees to reduce shading problems on adjacent crops, to improve stem quality and get

M. lutea trees. Most farmers in Siaya cut M. lutea at the base of the trees fbr

coppicing.

Most farmers do not prune fniit trees and trees planted as fences (Table 4.1.5). They

claimed that pruning fniit trees will reduce productionf however, lower branches are

removed for easy access. Some farmers did not completely remove the branches

from the tree stem. They said this will ease next climbing for more pruning to take

place. They also mentioned that this helps trees to sprout faster.

wood fbr household needs. The most common type of pruning observed is pollarding
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Men did the pnining in 57.9% cases while young boys pruned in 10.5% cases.

Women pruned young and accessible trees in 15.8% eases. Hired labour has been

used in 5.3% eases and 10.5% eases were reported for all family members'

participation in tree pruning.

Table 4.1.5: Summary of farmers tree pruning activities in Siaya, western Kenya.

NCategory

Degree of shading efleets

Reasons for pruning

3

3

57.911

Reasons for not pnining

9

N = Number of fanners interviewed, F-pr = Probability value from chi square test.

100 
0.001

3 
3 
19 
0.001

19 
0.001

15.8
10.5
15.8

68.4
15.8
15.8 
100 
0.001

- Reduce shading on crops
- Get firewood & construction materials
- Improve wood quality and growth 

increment
■ All (shade, fire wood, constmction poles 

and improve wood quality)
Total
F・pr

47.4
5.3
10.5
15.8
21.1 
100 
0.001

- Get more fruit production
・ Shade for human and animals
・ Protection against wind and encroachment 2
- No time and labour to prune 3
-No response 4
Total 19
F-pr 0.001

% 
respondents

- Heavy shading
- Light shading
・ C'ould not tell
Total 
F・pr
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Respondents who said women don't prune trees gave various reasons. Fifty-cighl-

percent of the respondents did not know why women arc not allowed to pninc trees

while 21% respondents said it is just a tradition. Sixtccn-pcrcent of the respondents

reported that pnming is a difTicult job Ibr women. Five-percent of the respondents

mentioned lack of ownership on trees. They said trees are fbr men and only men

have the right to do whatever they want do with their trees, including tree

management.

Respondents who employed labour for pruning paid a range of 0.16-0.56 USS1 per

tree, depending on the size, age and species. On average the cost of pnming was

reported to be 0.35 USS per tree. Almost all (94.7%) farmers observed sprouting of

AL lutea trees aflcr pollarding.

4.1.5 Uses of pnming materials

Most fanners used tree prunings as firewood (47.1%) and bigger branches fbr

building houses (20.6%). Fanners with surplus product of prunings sold out the

wood (26,5%). Some farmers left tree branches on farm as mulch and manure

(5.9%).

A bundle of fuelwood was sold, on average, for USS 0.64 in near market and/or on-

farm. All (100%) fanners used the income from pruning sales for household needs.

1 USS at the time of the survey was about 63 Kenyan or 1000 Tanzanian Shillings.
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4.1.6 Time or pnining and tools used in tree pruning

Almost in all eases (100%) farmers pruned or would prune their trees on-fanns just

before the planting season. They said trees will have time to utilize the coming rain

fbr growing faster, avoid tree-shading cfleets on planted crops and damage caused

during pruning. Pruning before the rain was also preferred, as fanners will be busy

planting crops during the rain. Some (47%) farmers also indicated the importance of

drying firewood in the sun and justified the need to do the pruning during the dry

season.

Most farmers used machetes (pangas) to prune trees (84.2%). Very few fanners used

both machete and saw (10.5%) and saw only (5.3). Ladder was used by most

respondents fbr climbing taller trees (90%). Ten-percent of the cases were reported

using various techniques such as climbing. Fanners start pruning when trees are

young (6-12 months) and continue pnining depending on the species, size and age of

the trees. Five-percent of the respondents said that they would prune their trees every

6 months (every season), while most (58%) said every year. Thirty-seven-percent

said it depends on the species, size and age. Few (5.9%) respondents said they would

prune every 2 years or more. Less commercially valuable species are not pruned as

frequently as commercially valuable species. Fruit trees were also not usually pruned

spent in branch or crown pruning varied from respondents to respondents (Table

4.1.6).

as farmers assume that pruning fhiit trees would reduce fruit production. The time
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Table 4.1.6: Time spent on tree pruning (per tree) in Siaya. western Kenya.

Category N

4.1.7 Farmers' obsen ations of tree-crop interactions due to crown shading and

root competition with crops

Ninety-percent of the farmers observed positive changes on crops after crown

pruning and, therefore, fanners are aware of the competition for shade and water

when trees arc grown in close proximity with agricultural crops. They, however, still

found crops with trees to perform relatively less compared to the crops without trees.

Most fanners (76%) suspect the problem as root interference with crops.

Although fanners observed tree root competition with crops, most (68.2%) of them

did not take any measure to manage the problem. This is because they did not know

what to do with such problems. They think root management needs special skill,

more time, money and labour. Very few (4.5%) farmers used trenches to avoid tree

root spreading into the crop fields. Some (27%) farmers believed to have disrupted

the tree roots, unknowingly, which might have grown into crop fields while

preparing the land for planting crops.

11
3
3

19
一 0001______________
N = Number of farmers interviewed. F-pr = Probability value from chi square test.

57.9 
15.8 
15.8
10.5 
100 

0.001

% 
respondents

Less than 30mins 
30-60mins
Depends on species, age and size or trees 
Don't remember
Total
ErPr______________________



4.1.8 Farmers' observations on tree responses to pnining

All most all (95%) respondents, who pollarded their trees, observed sprouting of

pollarded trees, and few (5%) observed faster growth increment in both height and

diameter of side pruned trees. Twenty-one percent of them said trees had both

sprouted and grew faster. Note that percentage response is added to more than 100%

as respondents gave more than one opinion.

4.1.9 Farmers* observations of soils under trees after pruning

Farmers observed rich soils under trees, though not scientifically proved (Table

4.1.7). Farmers made the observations using soil colour, soil moisture and crop

performance. Most farmers (90%) preferred to grow indigenous species such as M.

lutea along crop boundaries than exotic species and they argued that soils under

indigenous species are more fertile than soils under exotic species.

N = Number of farmers interviewed, F-pr = Probability value from chi square test.

10.5
100 

0.001

Table 4.1.7: Fanners1 evaluation of soils after tree pruning at Siaya, western 
Kenya.

2
19 

0.001

% 
respondents 

89.5

Category
(which one is more (fertile?) 

Soils close to trees
Soils far from trees (> 2m)
No diflerence
Total
F・pr
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4.1.10 Farmers future plans and constraints in growing trees on (heir (amis

Farmers expressed their interest in growing more trees in the future. Almost all

(100%) of them requested if there is any assistance given by any institution in getting

them seeds and/or seedlings for planting. Most (85%) farmers farther asked for

support of pesticides and advise on tree management, to reduce competition with

crops. Pests, shortage of labour during peak seasons, competition of trees with crops.

lack of tree seeds and seedlings arc some of the major constraints identified by

farmers.

4.1.11 Fanners and pole/timber merchants evaluations of tree species just before

trees were subject to pruning at Siaya

Although, M. lutea recorded the least performances in both growth and stem form in

still the most preferred species by farmers and pole/timberthis study it was

merchants. Poles, timber, charcoal, iuelwood, furniture, ornamental and

intercropping were some of the farmers benefits obtained from M・ lutea. Tlie second

most preferred species was E. grandis followed by G. robusta and C. equisetifolia. E.

grandis was preferred fbr poles, ftielwood, timber and furniture. However, fanners

would intercrop this species if they could only prune the trees regularly, otherwise

they would prefer to plant it as a woodlot in places where crops are not grown.

Fanners said they would intercrop M. lutea and G. robusta because, according to

them, the two species won't compete with crops. They also believe that intercropping

M. lutea would in fact increase crop yield. G. robusta was pieferred fbr timber,
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poles, fuclwood and other domestic uses. Fanners would only use G cquisdifijlia as

ornamental and shade tree around homesteads because they are not familiar with the

species.

The price of 48 months old A/, lilted was cslimalcd to be between 0.24 and 0.63 USS

per tree. The cost of cutting at this stage was estimated to range between 0.05 and

0.08 USS per tree. Fanners estimates fbr the E. grandis price ranged between 10.32

and 28.57 USS per tree. Labour cost for cutting E. grandis was estimated between

1.59 and 2.38 USS per tree. The price of G. robusta per tree was estimated to be

between 5.56 and 7.94 USS. 1'he cost of cutting one tree at this stage was estimated

at around 0.79 USS. The price estimates of C. equisetifolia per tree by farmers varied

from 0.79 to 9.52 USS per tree.

According to pole/timber merchants (contrary to iamiers), no species is ready for

sale at 48 months of age except E. grandis. Their price of E・ grandis at this stage was

estimated to range from 2.38-3.17 USS. Labour cost for cutting a tree was estimated

from 0.48-0.63 USS.

Species preference by pole/timber sellers also showed that M・ lutea was the most

valuable species for Siaya. E. grandis was the second most preferred species

followed by G. robusta and C. equisetifolia.

1 Please refer to Table 4.2.1 for information on tree sizes at age 48 months for all the species.
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4.2 Tree growth

This study evaluated the extent to which tree crown and root pruning influence tree

survival and growth or the pnmed trees. In addition, time taken in crown and root

pruning, and fanners knowledge of tree species and their response to tree crown and

root pruning in western Kenya have also been monitored and results arc presented in

the fallowing sub-sections.

4.2.1 Siaya

4.2.1.1 Tree parameters prior to pruning, at the time of pruning and after pruning

1'rcc species showed significantly (P<0.001) high variability in survival and in both

imposed). Markhamia lutea scored the highest survival (100%) followed by C.

equisetifblia and G. robusta in which both scored 97%. E. grandis recorded the least

survival of 89.6%.

At this age, E. grandis showed the highest growth in both mean height and diameter

followed by C. equisetijblia. Grevillea robusta ranked third while M. lutea exhibited

the least growth performance (Table 4.2.1). However, there were no significant

(P>0.05) diflerences in both height and diameter growth due to the earlier P

application (AFRENA, 1997).

mean height and DBH at age 48 months (just before the pruning treatments were
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Species Untransfbnncd

difference,

Tree branchiness, canopy spread and stem fbnn significantly (P<0.001) differed

between tree species. Markhamia lutea scored the least branchiness while G. robusta

scored the highest (Tabic 4.2.2). Markhamia lutea had the least canopy spread while

C. equisetifolia showed the highest (Table 4.2.2). Casuarina equisetifolia scored the

best stein form while M. lutea scored the poorest (Tabic 4.2.2).

Stem form Branchincss Canopy spreadSpecies

3C 
5a

3C 
5, 
2d 

0.01 
0.09 
0.21

0.01
0.09
0.21

Values in the same column followed by different letters are significantly diflerent (P < 0.05). 
SED is the standard error of the diflerence of means, Lsd = Least significant diflerence.

97.9
89.6
97.9
100

la 
3C 
2b 
5d 

0.01 
0.11 
0.23

'Values in the same column fbliowed by dincrent letters are significantly diflerent (P < 
0.05). SED is the standard error of the diflerence of means, I^d = Least significant

C equisetifolia 
E. grandis 
G. i-obusta 
M. lutea 
Prob > F-ratio 
SED 
Lsd

Table 4.2.2: Mean scores of stem form, branchiness and canopy spread of trees at 
age 48 months, just before pruning at Siaya, western Kenya.

Table 4.2.1: Tree survival and mean growth of C. equisetifolia^ E. gramlis. G. 
robusta and AL lutea al age 48 months, just befbre trees were pruned 
at Siaya, western Kenya

81.67b 
71.10c 
81.67b 
90.00 s 
0.0001 
0.71 
1.32

DBH 

13.39f 
I7.781 
10.31c 
7.56d 

0.0001 
0.22 
0.46

Mean 
Height 

(m) 
12.7厂一 
14.41* 
8.87e 
7.37d 

0.0001 
0.13 
0.30

Tree survival (%) 
Transfbnned

C. e(/iusetifi)lia
E. grandis
G. robusta
M・ lutea
Prob > F-ratio
SED
Lsd
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4.2.1.2 Tree pruning

4.2.1.2.1 Biomass produced from crown pruning

Species showed significant (P<0.001) variability in biomass produced from prunings

at Siaya site. Eucalyptus grandis had the highest biomass (dry weight) production at

the time of first pruning followed by C. eqiusetifi)lia and G robusta (Table 4.2.3).

Age in monthsSpecies

12 observations.

4.2.1.2.2 Time taken for during the first crown and root pruning

For both crown and root pruning, time taken for tree pruning was statistically

(P<0.001) different between species (Table 4.2.4). Both crown and root pruning ofE.

grandis took the longest time. Crown pruning of C equisetifolia used less time than

G. robusta although, pruning of G. robusta root took less time than that of C

equisetifolia. Both crown and root pruning of M・ lutea took the least time (Table

4.2.4).

Table 4.2.3: Dry biomass produced (kg/trec) from crown pruning at age 48 and 
53 months (during the first and the second pruning) at Siaya. western 
Kenya.

'Values in the same column followed by different letters are significantly dirterent (P < 
0.05). ?Lsd = Least significant diflercnce. in parentheses arc standard errors of the mean of

53
2.0 (0.3)
9.7 (0.8)
3.4 (0.4)
4.0 (0.1) 
0.005 
0.48

C. equisetifolia
E. grandis
G. robusta
M・ lutea
Prob > I;-ratio
Lsd2

48
31.5 (2.2) 
107.2(12.6) 
18.0 (2.3)
5.5 (0.5) 
0.0001
6.24
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Species Time taken (ininutcs/pcrson/trcc)1

'Values in the same column followed by diflcrcnt letters arc significantly diflerent (P <
0.05). 2Ls(1 = Least significant diflercncc.

4.2.1.2.3 Amount and quality of firewood consumed from pruning of 48 months old

trees

The pruned tree woody materials from all species were sun dried and were used as

firewood. The result or the amount of firewood needed for one hour cooking, in a

locally made closed stove, is given in Table 4.2.5. The food cooked for an hour was

to feed 50-60 people.

Species

<D

standard error of the diflerence of means, Lsd = Least significant diflerence.

5a 
4b 
3C 

0.01 
0.11 
0.22

Amount 
(Kg/hr)

Level of 
smoke

'Species are ranked in ascending order for fire strength and smokiness. Values in the same 
column followed by diflerent letters are significantly difterent (P < 0.05). SED is the

2e
0.01
0.12
0.23

Table 4.2.4: Time taken in tree pruning (per person per tree) at Siaya, western 
Kenya.

C. equisetifblia
E. grandis
G. robusta
M. huea
Prob > F-ratio
SED
Lsd

Crown 
~14^" 

30a 
20b 
6d 

0.0001 
3.13

6.06d 
10.31 
7.3e 
7.8b 
0.03 
0.28 
0.44

Fire 
strength1

Total 
99s" 
126a 
97b 
50e 

0.0001 
8.22

C. cquiaelifiilia
E. grandis
G・ robusta
AL lutea
Prob > F-ratio
Lsd2

Tabic 4.2.5: Firewood consumption and quality ranking of pruning materials at 
Siaya. western Kenya.

Root _ 
8?^ 
96’ 
IT 
44d 

0.0001 
7.30
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4.2.1.2.4 1'rcc responses to crown and root pruning

4.2.1.2.4,1 Tree survival and DBII development

During the first two assessment occasions (i.c. 10 and 24 months after pruning) tree

species significantly differed (P < 0.05) in survival and mean DBH (Table 4.2.6).

Markhamia lutea had highest survival and least mean DBH, while E. grandis had

least survival and highest mean DBH. For each tree species, there were no significant

(P> 0.05) differences between trees subjected to diHerent pruning treatments,

however, G. robusta seems to have higher DBH in the control (unpruned) trees

(Figure 4.2.1). In addition, no significant interactions were also found between

species and pruning treatments fbr both survival and DBH (P > 0.05) over lime.

Trends of tree mean DBH growth of various tree species and cumulative annual

DBH increments over (he time were significantly (P < 0.05) different and are shown

in I;igures 4.2.2

DBH
Species

24

^Values in the same column followed by different letters are significantly diflerent (P < 0.05).
Standard error of the diflerent means. Lsd = Least significant difference.SED

93.7
83.3
95.8 
100

93.7
79.2
95.8 
100

C. equiseti/blia 
E. grandis 
G. 9-obusta 
M・ lutea 
Prob > F-ratio 
SED 
Lsd

16.76, 
22.451 
12.88e 
10.30* 

0.0001 
0.29 
0.61

Table 4.2.6: Overall tree survival (%) and mean DBH (cm) (average of all 
treatments) 10 and 24 months after tree pruning at Siaya, western 
Kenya.

75.46e 
65.88 d 
78.17b 
90.00a 
0.015 
0.92
1.87

75.46e 
62.87 d 
78.17b 
90.001 
0.0001
0.55 
1.14

15.12、 
21.121 
11.79° 
8.86d 

0.0001 
0.25 
0.56

Transformed 
10 24

_________Survival (%) 
Untransfbrmed 
~I0______24
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4.2.1.2.4.2 Tree coppicing and branch rc-growlh

Trees of all sizes recovered from the severe crown pruning without any mortality at

Siaya, although there was a large variation in branch sprouts between species (Table

4.2.7).

Cawarina eqiJetiMa

64 7258726450

OevUeanbuOa
MaHwniahMea

30

20 IX15
*10

5
72 5B 64 72645B
Age (months)

30
25
2D
15
10
5

30
25
20
15
10
5

Vertical bars are standard errors of difference between means when comparing tree pruning 
treatment at diflerent ages.

30

25

20

15

10

5

Figure 4.2.1: Mean DBH development over time in relation to tree species and 
pruning treatments at Siaya, western Kenya.
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Markhamia lutea scored the highest branch sprouts up-to 3 months after pruning. It

followed by G. rohusta^ C. equisetiji)lia and E. grandis in that order. However.was

the situation changed 5 monlhs a tier pruning where E. grandis scored the highest

branch sprouts (Table 4.2.7).

Other species followed the same trend. Markhamia lutea became second after E.

grandis. Grevillea robusta became the third in branch sprouting and C equiseti/blia

the least. The situation remained un-changcd one year after pruning (Table 4.2.7) and

thereafter, except M. lutea.

Tree crown pruning was repeated five months after the first pruning and E・ grandis

produced the highest coppice biomass followed by M・ lutea. Grevillea robusta

maintained its third position while C. equisetifblia shifted to a fourth (least) place

(Table 4.2.3).

Time after pruning (months)

3 5Species

3C
2d

5a 
0.01 
0.09 
0.21

Table 4.2.7: Mean ranking of sprouting ability of tree species after crown pruning 
at Siaya, western Kenya.

Values in the same column followed by diflerent letters are significantly different (P < 0.05). 
SED is the standard enor of the diflerence of means, Lsd = Least significant diflerence.

C. equisetifolia
E. grandis
G・ robusta
M. lutea
Prob > F-ratio
SED
Lsd

c ' a 
b
 
a

2
 5
 3
 5

03
0715

o.
o.o.
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(b)

24 months aRer pruning

Just before pruning

I SED1

二二 a

48

10 months after pruning

I
I SED3

58 
Age (months)

I SED2

——-Casuarina equisejjfglia . Eucalyptus grandis — ♦- • Grcvil/a robu§ta — — • Markhmla luteal

Figure 4.2.2: Mean DBH development (a) and Cumulative mean DBH annual 
increments (b) of the diflerent tree species before and after tree 
pruning treatments were applied at Siayav western Kenya.

SED = Vertical bars denoted by SED1, SED2, SED3 and SED4 are standard errors of 
difference between means when comparing tree species at diflerent ages.
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Sprouting ability of trees in tenns of new branch number, length and basal diameter

was assessed at 2 years a Her tree pruning and results arc summarized in Tabic 4.2.8.

Tree crown pruning and/or crown and root pnining did not significantly affect

number, length and basal diameter of the new branch sprouts (P > 0.05). However,

species showed significant dificrenccs in their number, length and basal diameters of

branch coppices. Eucalyptus grandis branch sprouts were rc-pruned several times

since it produced branches all over its trunk. The other species were pruned only

twice. Leaving E. grandis out of the ANOVA for coppice numbers, in testing

number of new branches by species, will result in insignificant diflerences.

New branch length was high fbr E. grandis with 10.49 m ibllowed by C equisetifbliu

and G. robusta^ each attaining coppice length of 6.9 and 6.1 m respectively.

Markhamia lutea had the least new branch length of 5.39 m. New branch basal

diameter was significantly diflerent with E. grandis having 13.44 cm. Casuarina

equisetifblia ranked next to E. grandis with 8.39 cm. Markhamia lutea and G.

robusta had almost equal basal coppice diameter of 6.75 and 6.4 cm respectively.

4.2.1.3.4.3 Tree root re-growth

Pruning treatments (root only and a combination of crown and root pruning) did not

have any effect on root re-growth of all tree species. However, species varied

significantly (P<0,05) in their root re-growth. Eucalyptus grandis trees had the least

root re-growth while G. robusta trees had the highest (Table 4.2.9). For all the tree

species, tree lateral roots within 30-cm soil depth had re-emerged at 2 years after

pruning.
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Measurements
robusta

7 (0.66)a 5 (0.35 )c4 (0.36)1 6 (0.84)i 0.600.0001

10.49(0.41)" 6.08 (0.37)e 5.39 (0.32)d 0.0001 0.35

13.44 (0.54)' 6.74 (0.44f 6.75 (0.37)： 0.0001 0.43
Values in the same rows followed by diflercnt letters are significantly diflcrent (P<0.05).
Numbers in parenthesis arc standard errors. Lsd = Least significant diCIerence.

Tree species

4.2.2 Nyabeda

4.2.2.1 Tree parameters prior to tree pruning

Out of 81 trees planted in the test, only one tree was found missing both during and

after tree root prunings. Mean tree survival, height and DBH just before root pruning

were as shown in Table 4.2.10. Trees were similar in their height and diameter at

breast height and there were no significant differences between G. robusta trees.

6.9 (0.30)b

M.
Lutca

Branch number 
(number) 
Branch length 
(m)
Brach basal - 
diameter (cm)

Values in the same column followed by diflerent letters are significantly diflerent (P < 0.05). 
SED is the standard error of the (liilerence of means. Lsd = Least significant dinerence.

Prob > F- Lsd 
ratio

Table 4.2.9: Mean root re-growth (%) potential of pruned tree roots at 2 years after 
pruning at Siaya, western Kenya.

C. eqiusetifi)lia
E. grandis
G. robusta
M. lutea
Prob > F-ratio
SED
Lsd

8.39 (0.38户

Table 4.2.8: Mean new branch number and coppice rc-growth of diiTcrcnt tree 
species, at 2 years after pruning at Siaya, western Kenya.

Untransfomwd 
~34.26 

20.58 
36.73 
35.84

Mean root rc・growth potential 
(%) 

Transfbrmcd 
35" 
26.99d 
37.29" 
36.75、 
0.038 
4.25 
2.12

C E.
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4.2.2.2 Time taken fbr tree root pruning

Average time required for root pruning was 24 minutes per tree per person with a

range of 14 to 27 minutes per tree per person.

Mean 13.03 13.72 0.071

0.7870.999 0.562 0.471

0.0043.83 0.22 0.34

Prob > F-ratio = Probability value from ANOVA output and Fisher's F test.>
SED = Standard error of the diflerent means.

4,2.2.3 Tree survival, height, DBH and root regrowth responses to root pruning

Tree growth fbr Nyabeda was assessed a year after root pruning was applied. Tree

survival was not a fleeted by root pruning. Trees showed no significant diHerences in

height and diameter growth due to root pruning. The growth of trees which were root

pruned on one side was similar to that of trees which were not root pruned (i.e.

controls) (Table 4.2.11).

Table 4.2.10: Tree survival (%) and growth of G. robusta at age 6 years, just before 
root pruning was imposed at Nyabeda, western Kenya.

Height (m) DBH 
(cm)

Volume 
(m3)

Prob > F- 
ratio 
SED

Survival (%)

Untras 
formed

&8.8

Trans 
Formed
83.71
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Treatments

12.90 0.08915.40

Both sides un-pruned control 13.60 0.10015.90

0.090Mean 13.27 15.66

Prob > F-ratio 0.899 0.8740.052

0.0050.41

Prob > F-ratio = Probability value from ANOVA output and Fisher's F test.

Tree root regrowth of G. robusta root pruned boundary trees at Nyabeda was

assessed two years aflcr root pruning was applied. Tlie same techniques and

procedures were applied as in Siaya, in assessing tree root regrowth. Results showed

that there was a 7.5% root rc-growth.

Soil water4.3

Results of the influence of tree pruning on volumetric soil water content (%VSWC)

at Siaya are presented in section 4.3.1 while those for Nyabeda are presented in

section 4.3.2.

DRH 
(cm)

Onc-sidc pruned & the other side 
un-pruned

1 Icight 
(m)

Table 4.2.11: Mean growth parameters Ibr G. robusta trees 1 year after root pruning 
at Nyabeda, western Kenya.

Volume 
(m3)

SED 0.25
SED = Standard error of the dincrcnt means.
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4.3.1 Siaya

4.3.1.1 Soil water content in the upper 30 cm or the soil profile as measured by

Tlwtaprobe during three maize cropping seasons at Siaya. western Kenya

Percent volumetric soil water content (%VSWC) of the top 30 cm soil layer was

monitored during the first 3 cropping seasons of maize planting after tree pruning

using a Thetaprobe. The ANOVA showed that both species and tree pruning

treatments had significantly (P<0.001) diflerent effects on %VSWC. Increasing

distance from the tree line significantly (P<0.001) a fleeted %VSWC when

measurements were made during the wetter months but not when measurements were

made during drier months (Table 4.3.1).

The effect of the interactions of species and tree pruning treatments on %VSWC was

significant during all cropping seasons except for the third cropping season of 2000

short rain (Table 4.3.1). All other interactions of spcciesy tree pruning and increasing

distance had no significant ellect on soil moisture (Table 4.3.1).

For all tree species, both crown and root pruning treatments conserved soil water as

compared to the un-pruned (control) treatment during the first 3 cropping seasons

(Tables 4.3.2 and 4.3.3). A combination of crown plus root pruning was more

effective in conserving soil moisture under E. grandis and M・ lutea but not under C

equisetifblia where crown pruning was more effective in conserving soil water

during the first cropping season i.e. long rain in 1999. For G. robusta^ both crown
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only and root only prunings were more effective than a combination of crown plus

root pruning in improving soil water status. Root pruning of C equisctifblia^ E.

grandis and M. lutea was less cflective in conserving soil moisture as compared to

the crown, and plus root pruning treatments but were all belter whencrown

compared with the unpruned (control) tree plots.

October January AprilSource of variation

Significant at p < 0.05 and ** = Significant at p < 0.001.

During the second season of the short rain in 1999, root pruned E. grandis and G.

robusta trees resulted in highest soil moisture content. The root pruned plots of M.

lutea showed similar soil moisture content to unpruned (control) tree plots, while

root-pruned tree plots of C. equisetifblia had the least %VSWC (Tables 4.3.4 and

4.3.5). No significant increase in soil moisture was noted under the maize only (sole

maize) control plot compared to the moisture under the pruned trees during the first

two cropping seasons (Tables 4.3.2,4.3.3,4.3.4 and 4.3.5).

Species (S)
Pruning (P)
Distance (D)
SxP
SxD
PxD
SxPxD

0.0001**
0.0001**
0.076
0.0001**
0.514
0.498
0.77

Tabic 4.3.1: Probability values from ANOVA examining the effects of species, 
tree pruning and increasing distance, and their interaction on %VSWC 
of the lop 30 cm of the soil profile during the 3 maize growing 
seasons at Siaya, western Kenya.

April

0.003**
0.0001**
0.0001**
0.026*
0.108
0.873
0.256

Maize season -1 long Maize season-2 Short Maize season-3 
rain 1999 rain 1999 long rain 2000

July October January April July
(diy) (wet) (dry) E) (W)

0.000** 
0.000** 
0.450 
0.087 
0.233 
0.218 
0.335

(wet) 
0.0001" 
0.0001" 
0.0001** 
0.0001" 
0.063 
0.064 
0.674

(wt) 
0.0001** 
0.0001** 
0.0001” 
0.00P* 
0.075 
0.584 
0.61

(dry) 
0.0001** 
0.0001" 
0.115 
0.001** 
0.283 
0.082 
0.843
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April-May 1999
C. equiselifttlia E. gniMs G. robusta Af. hHca

Fore each study period, mean values in same column or the same row followed by difTerent
letters are significantly diflerent (p < 0.05), Lsd = least significant difference, SED

During the third season of April-May i.e. long rain 2000, soil moisture within the top

0-30 cm soil profile under all pruned tree plots was higher than the unpruned

(control) tree plots (Tables 4.3.6 and 4.3.7).

During the third season i.e. June-July 2000, C. equisetifblia had lost all the positive

gain in soil moisture, due to tree pruning since no significant differences were noted

between pruned and the unpruned (control) tree plots. Eucalyptus grandis and G.

robusta tree pruned plots only differed from corresponding unpruned (control) plots,

while %VSWC under M. lutea crown and crown plus root pruned plots, and root

pruned and unpiuned (control) tree plots was the same (Table 4.3.6).

standard error of (he di (Terences of means. SE = Standard error of the mean, 'Mean of 8 
measurements, 1-6 months after pruning, I*1 cropping season long-rain 1999.

22.30, 
22.83" 
18.90c 
17.50d 
0.008 
0.43 
0.84

14.20" 
13.0 
15.12, 
II." 
0.001 
0.29 
0.55

21.2? 
19.58° 
23.95" 
14.97d 
0.000 
0.42 
0.73

20.44c 
21.08" 
22.48* 
18.60d 
0.000
0.38 
0.75

Crown pruning
Root pruning
Crown + Root Pruning 
Un-pruned control 
Prob > F-ratio
SED
Lsd
Sole maize = 23.79

Table 4.3.2: Mean volumetric soil water content (%)! of the top 0-30 cm soil layer 
under diflerent tree species, pruning treatments and all distances at 
Siaya, western Kenya.

24.28a 
17.19° 
Zl" 
16.48c 
0.001 
0.47 
0.85 

SE = 0.42

15.46s 
13.43b 
13.62、 
11.63c 
0.000
0.32 
0.62

June July 1999 
14.57h 
13.07° 
16.48’ 
9.12d 
0.000 
0.33 
0.55

Crown pruning 
Root pruning 
Crown + Root Pruning 
Un-pnincd control 
Prob > F-ratio 
SED 
Lsd 
Sole maize = 15.12

14.12a 
12.24b 
12.70b 
l!.25e 
0.000 
0.29
0.57 

SE = 0.32
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Crown

4*

E. gvandis
4*

10*

4**

4*1*
7*

I* 
5 6*

9*

G.
~2*

6*
9*

AL hue口
"2*

6*
9*

6* 
9

Root 
(control) pruned Pruned

Crown + root pruned 
C'rown pruned 
Root pruned 
Unpruned (control)

Crown + root pruned 
Crown pruned 
Root pruned 
Unpruned (control)

1* 
5 
8* 
10*

3*
7*

Sole- Unpruned 
maize

C'rown + root pruned 
Crown pruned 
Root pruned 
Unpruned (control)

Table 4.3.3: Half matrix of pair wise comparisons of tree species and pruning 
treatments for mean volumetric soil water content (%) pooled for all 
distances and depths for season long rain 1999 at Siaya. western 
Kenya.

Crown + root pnmed
Crown pruned
Root pruned 8*
Unpnined (control) 10,

♦ = Significant at p < 0.05.

C・ equiseiifiHia
2* 3*

7*
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Table 4.3.4:

December 1999 一 January 2000

Fore each study period, mean values in same column or the same row followed by diflerent
letters are significantly diflerent (p < 0.05). Lsd = least significant difference, SED

一一一一一 — r: I--------------- 1 C —r O k-a —- C tavl MaaoaMV ・F — ■•■一

4.3.1.2 Effect of increasing distance from tree line on soil water content with the

upper 30 cm soil depth as measured by Thetaprobe during three maize

cropping seasons at Siaya

Although %VSWC increased significantly (P<0.001) with increasing distance from

the tree line in all the maize cropping seasons during the wetter months, none of its

interactions with species and pruning treatments had significant eflect (Table 4.3.1).

October - November 1999 
E. 

aquiseitfblia grandis

11.81* 
11.29* 
11.55* 
9.46b 
0.005 
0.33 
0.66

12.39* 
12.93’ 
12" 
11.45c 
0.008 
0.33 
0.66

10.29b 
14.45’ 
10.35b 
9.05c 
0.001 
0.36 
0.69

26.76’ 
19.20d 
24.55、 
20.89： 
0.000 
0.38 
0.68 

SE = 0.37

standard error of the diflcrcnces of means. SE = Standard error of the mean, 'Mean of 8 
measurements, 7-12 months after pruning. 2nd cropping season short-rain 1999.

Mean volumetric soil water content (%)! of the top 0-30 cm soil layer 
under diflerent tree species, pruning treatments and all distances at 
Siaya, western Kenya.

Crown pruning
Root pnining
Crown + Root Pruning 
Un-pruned control 
Prob > F-ratio
SED
Lsd
Sole maize - 22.57

10.12b 
7.46d 
11.97" 
8.44c 
0.001 
0.34 
0.65 

SE = 0.37

20" 
27.24s 
22.06、 
22.14h 
0.000 
0.39 
0.74

Crown pruning
Root pruning
Crown + Root Pruning 
Un-pruncd control 
Prob > F-ratio
SED
Lsd
Sole maize = 10.74

M. 
hum 
23JT 
25.69" 
24.04b 
25.28" 
0.000 
0.40 
0.80

Robusta 
23.89* 
25.67* 
21.78c 
23.25b 
0.000 
0.41 
0.80
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However, evaluation of the effect of pnming on variation soil water with

increasing distance from tree line, showed that the unpnmcd (control) plots under

each tree species with distance from tree line had significantly lower %VSWC

during the wetter months of the first season in April - May 1999 (Figure 4.3.1).

Root
maize

4*
7*

9*

G. ivbusta
4*!♦

7*
9*

4*1*

* = Significant at p < 0.05.

8* 
10*

8* 
10*

E. grmdis 
2*

1*
5

8* 
10*

3*
7*

Crown + root pruned 
Crown pruned 
Root pruned 
Unpruned (control)

Crown + root pruned 
Crown pruned 
Root pruned 
Unpnmed (control)

1* 
5 
8, 
10

M・ hUea
"2*

6*
9

Sole- Unpruned Root Crown
(control) pruned Pruned

Crown + root pruned 
Crown pruned 
Root pruned 
Unpruned (control)

Table 4.3.5: Half matrix of pair wise comparisons of tree species and pruning 
treatments for mean volumetric soil water content (%) pooled for all 
distances and depths lor 2nd season short rain 1999 at Siayav western 
Kenya.

Crown + root pruned 
Crown pruned 
Root pruned 
Unpruned (control)

C. eqMiseitfblia
2* 3*
6* 7*
9
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soil layer under diflerent tree species2 at Siaya, western Kenya.

April-May 2000

June-July 2000

Fore each study period, mean values in same column or the same row followed by diflerent
letters are significantly diflerent (p < 0.05), Lsd = least significant difference, SED

Crown and crown plus root pruning of C equiseti/blia improved soil water content

by 20-25% as compared to the unpruned (control) plots, when soil water content was

compared at 1 and 3 m distance during the first cropping season i.e. April-May long

rain 1999 (Figure 4.3.1). The un-pruned (control) and root pruned plots of C.

equisetifblia showed

distances from tree lines.

9.611 
7.70c 
10.031 
8.74b 
0.000 
0.22 
0.44

SE = 0.23

10.83a, 
I0.55b 
11.10a 
9.63c 
0.021 
0.16 
0.31

10.02s 
9.14b 
8.63c 
0.001 
0.21 
0.41

12.14’ 
10.68° 
11.87b 
10.90° 
0.011 
0.16 
0.31

Crown pruning
Root pruning
Crown + Root Pruning 
Un-pruned control 
Prob > F-ratio
SED
Lsd
Sole maize = 13.06

10.971 
10.59b 
10.981
10.38' 
0.047 
0.15 
0.29
SE = 0.22

11.721 
11.32b 
11.4711 
9.85c 
0.042 
0.15 
0.28

Crown pruning
Root pruning
Crown + Root Pruning 
Un-pruncd control 
Prob > F-ratio
SED
Lsd
Sole maize = 11.68

standard error of the diflerences of means. SE = Standard error of the mean, 'Mmean of 8 
measurements, 13-18 months after pruning, 3rd cropping season long-rain 2000.2Poolcd for 
all distances from the tree line.

Af 
lutea 
11.44* 
9.60h 
10.67' 
9.or 
0.009 
0.24 
0.47

G.
Robusta 
10.45’ 
8.78c 
9.88b 
8.271 
0.000 
0.22 
0.44

no significant diflerences in %VSWC at both 1 and 3-m

Table 4.3.6: Overall mean volumetric soil water content (%)! in the top 0-30 cm 
coil Icauav* imrlor /GfYarArtf froa
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A significant increase in %VSWC with increasing distance from the tree line was

noted under E. grandis during the first season long rain 1999 where crown, root and

crown and root pruning of E. grandis trees resulted in an increase in %VSWC of 25-

50 (Figure 4.3.1) as compared to the unpruned (control) tree plots.

Crown

4*

4*

4*3*
7*

4*

9*

8* 
10*

"2s

G・ robusla 
~2* 

6 
9*

1* 
5 

8* 
10*

1* 
5* 
8* 
10*

Root 
(control) pruned Pruned

E. grandis
2*
6*

3 
7*

Crown + root pruned 
Crown pruned 
Root pruned 
Unpruned (control)

Crown + root pruned 
Crown pruned 
Root pruned 
Unpnmed (control)

3*
7*

Crown + root pruned 
Crown pruned 
Root pruned 
Unpruned (control)

distances and depths fbr 3rd 
Kenya.

Sole- Unpruncd 
maize

Tabic 4.3.7: Half matrix of pair wise comparisons of tree species and pruning 
treatments for mean volumetric soil water content (%) pooled fbr all 
distances and depths fbr 3rd season long rain 2000 at Siaya, western

2* 3*
6* 7*
9*

Crown + root pruned 1
Crown pruned 5*
Root pruned 8*
Unpruned (control) 10,

* = Significant at p < 0.05.
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Figure 4.3.1: Effect of tree pruning and increasing distance from tree lines on mean
long-rainvseason

SED1 = Standard error of the means between distances in a treatment
SED2 = Standard error of the means between treatments fbr a given distance.

volumetric soil water content (%) during the 1 
April-May 1999 at Siayav western Kenya.

—Cnwn pruning 
.■■Root pruning

Crown ■ Root prunings 
-^-Un-prunpd control 

Sole maize
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For G. robusta and M. lutea. %VSWC also increased with increasing distance.

during the first maize cropping season i.c. long rain 1999, but no significant

diflcrcnces were noted between the treatments during all the three cropping seasons.
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During the second maize cropping seasons of short-rain 1999, there was significant

increase in %VSWC under crown and crown plus root pruned C equiscti/blia plots

%VSWC than the sole maize while the unpruned (control) and root pruned tree plots

exhibited similar trends but resulted in less water content than the crown and crown

plus root pruned tree plots.

During the second maize growing season of short-rain 1999. %VSWC under E.

grandis root pruned plot was higher than the sole maize while the other treatments

were statistically the same with the sole maize. There was no increase in %VSWC

with increasing distance during the second season.

During the third season i.e. short-rain 2000, %VSWC increased with distance in all

the pruned tree plots but no significant differences were noted among the pruning

treatments under C. equisetifblia (Figure 4.3.3). No significant differences were

noted between pruning treatments under Eucalypts, although the soil under root

pruned plots had more water in the first three rows.

as distance increased from tree lines (Figure 4.3.2). These plots had the same or more



Distance (m)

SED1 and SED2 as defined in Figure 4.3.1.

Figure 4.3.2: Effect of tree pruning and increasing distance from tree lines on mean

Generally, crown and crown plus root pruning of all tree species conserved more soil

water than other treatments. For all species at all distance, unpruned (control) tree

plots conserved least soil water, while sole maize plot had highest %VSWC. These

eflects were more pronounced in C equisetifblia and E. grandis as compared to the

other species. For all species and all assessments, except M. lutea9 %VSWC

increased with increase in distance from the tree line.

volumetric soil water content (%) during the 2nd season short-rain, 
October-November 1999 at Siaya, western Kenya.
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4.3.1.3 Soil water content pooled fbrall distances

When %VSWC for all soil distances were pooled, the eflect of tree species and

pruning treatments on %VSWC under each species was significantly (P<0.05)

different during long and short rains (Tables 4.3.9 and 4.3.10 and 4.3.11). In April-

May there was more %VSWC under crown plus root-pruned C・ equisetifblia and E.

grandis trees.

Distance (m)
SED1 and SED2 as defined in Figure 4.3.1.

volumetric soil water content (%) during the 3rd 
April-May 2000 at Siaya, western Kenya.

Figure 4.3.3: Effect of tree pruning and increasing distance from tree lines on mean 
volumetric soil water content (%) during the 3rd season long-rain,
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During the long rain of 2000 i.e. June-July, pruning treatments or M. hitea did not

show any significant variation while pruning treatments of E. grandis9 C

equisetifolia and G. robusta significantly diflcred in their effect on %VSWC (Table

4.3.6). In the short rain of September-October 2000, %VSWC was significantly less

under root pruned E. grandis tree plots compared to (he unpruned (control) tree plots

and other pruning treatments, while %VSWC under all other species and pruning

treatments did not significantly differ from their unpmned (control) tree plots (Table

43.10).

On the other hand, during the November - December short rain 2000, all tree species

and pruning treatments significantly (P<0.05) allectcd %VSWC. For C. equisetifolia^

the soil under crown plus root pruned and unpruned (control) trees had more

%VSWC while soil under M. lutea crown and root only pruned exhibited more

%VSWC. There was more %VSWC under crown plus root and root only pruned E.

grandis trees while G. robusta pruned plots had more %VSWC compared to the

unpruned (control) plots (Table 4.3.9).

4.3.1.4 Effect of soil depth on soil water content in relation to tree species, pruning,

treatments and distance from tree line as measured by Neutron probe during

the third and fourth cropping seasons i.e. long and short rains of2000

Soil moisture measurements by neutron probe were started during the third cropping

rains 2000. Moisture readings by neutron probe were taken between 20 cm soil depth

season after tree pruning (long rains of2000) and continued until the end of the short
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and below. The effects of species, pruning treatments and soil depths on %VSWC

were statistically significant (P>0.001) on all assessment occasions. However, the

cfTects of all interactions (species, pruning, distance and depths) on %VSWC were

not significantly (P>0.05) different (Table 4.3.12).

During maize growing seasons in April-May (long rains) and September-October

(short rains) 2000, water was more significantly depleted from 0-20 cm soil depth as

compared to the soil below this depth under all the tree species and all pruning

treatments (Table 4.3.12).

When soil water data was pooled for all tree pruning treatments and distances,

%VSWC increased with an increase in soil depth fbr all the four tree species (Table

4.3.12). As the season progressed in the long rains 012000, depletion of soil water

extended further down to 20-40 cm under all tree species. The sole maize plot had

the highest soil moisture content at all soil depths (Table 4.3.12).

Soil water was depleted from the top 20-60 cm depth under all tree species but with

significant variability between the diflerent tree pruning treatments. Soil water

increased with an increase in soil depths (Table 4.3.10).
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Source of variation

* = Significant at p < 0.05 and ** = Significant atp< 0.001.

The soil within 20-100 cm depth under C・ equiseti/dlia was drier in all the

assessment occasions. The soil depths (20-100 cm) under lutea had the second

highest water content, after the sole maize plot during all measurement occasions. On

the other hand, soil under E. grandis and G. robusta resulted in similar soil water

content except fbr the driest and the wettest periods (long rain April-May & short

rain September-November).

During the driest period (long rain June-July 2000 & short rain December-January

2000), soils (20-100 cm depths) under E・ grandis contained more soil water than

those under G. robusta and was vice-versa for assessments made during the wettest

period (Table 4.3.12).

Maize season - 4 Short rain 
2000

Maize season - 3 long rain 
2000

October 
(wet) 

0.0001** 
0.0001** 
0.0001** 
0.783 
0.047* 
0.522 
0.06 
0.987 
0.573 
0.739 
0.303 
0.625

Species (S) 
Pruning (P) 
Depths (DE) 
Distance (D)
SxP
SxDE
SxD
PxDE
PxD
S x P x DE 
SxPxD
S x P x DE x D

Table 4.3.8: Probability values from ANOVA examining the effect of species, 
pruning treatments, soil depth of and distance from tree lines and their 
interactions on %VSWC during long and short rains 2000, at Siaya. 
western Kenya.

July 
(dry) 

0.0001** 
0.0001** 
0.0001** 
0.937 
0.005* 
0.842 
0.485 
0.998 
0.938 
0.712 
0.194 
0.432

April (褊) 
0.0001** 
0.0001** 
0.0001** 
0.550 
0.0001** 
0.774 
0.387 
0.980 
0.256 
0.747 
0.159 
0.354

January 
(dry) 

0.028* 
0.0001** 
0.0001** 
0.608 
0.000** 
0.999 
0.500 
0.507 
0.06 
0.532 
0.243 
0.673
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lablc 4.3.9:

April-May long rain 2000

JunoJuly short rain 2000

Fore each study period, mean values in same column or the same row followed by diflerent
letters are significantly diflerent (p < 0.05), Lsd = least significant diflerence9 SED =

During the third maize growing short rain 2000, water depletion occurred within 0-

60 cm soil depth and interestingly %VSWC under C. equisetifblia^ E. grandis and G.

robusta increased significantly from 60-80 cm soil deptli and then dropped gradually

within 80-100 cm soil depth. The %VSWC at 80-100 cm soil depth was statistically

similar to that of20-40 cm soil depth but significantly less than that of 60-80 cm soil

depth. However, an exceptional case was noted for M. lutea plots where water

depletion mainly occurred within the upper 0-40 cm soil depth and followed a similar

trend to that of soils under sole maize plots (Table 4.3.13). The soil depths (20-100

cm) under C. equisetifblia were drier in all assessment occasions.

C. E.

standard error of the diflerences of means. SE = Standard error of the mean,1 Mean of 8 
measurements, 18-24 months aflcr pruning, 3rd cropping season long rain 2000.

30.04b 
30.37b 
30.93a 
30.60ab 
0.013 
0.19 
0.38

31.14： 
31.72b 
32.25" 
30.23d 
0.000
0.17 
0.35

Crown pruning 
Root pruning 
Crown + Root Pruning 
Un-pruned control 
Prob > F-ratio 
SED 
Lsd
Sole maize = 31,67

29.35c 
29.91b 
30.70' 
30.20北 
0.007 
0.20
0.39

SE= 0.18

30.10s 
30.413 
30.471 
29.07b 
0.047 
0.21
0.42

3!.48q 
31.06a 
31.26s 
30.57’
0.532 
0.17 
0.34

Mean volumetric soil water content f%)1 under species and pruning 
treatments for all soil depths and distances at Siaya, western Kenya.

tvbusta 
31.46b 
31.32b 
32.011 
32.00" 
0.000 
0.18 
0.36

lutea

32.033 
31.96’
31.23、 
0.000 
0.17 
0.33

305T 
30.36、 
32.72" 
30.62h 
0.000 
0.21 
0.40 

SE = 0.15

Crown pruning 
Root pruning 
Crown + Root Pruning 
Un-pruned control 
Prob > F-ratio 
SED 
Lsd 
Sole maize = 33.93
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September-October short rain 2000

rquigUdlia grandis

November-December short rain 2000

Fore each study period, mean values in same column or the same row followed by different
letters are significantly diflerent (p<0.05). Lsdxleast significant difference, SEDsstandard

For each tree species, water depletion of the unpruned (control) plots occuned within

the top 20-80 cm soil depth. For all soil depths, the sole maize plot had the highest

water content on all the assessment occasions. Water content between 20-60 cm soil

depths was high fbr crown plus root pruned trees followed by crown-pruned trees

except during the driest period (Figures, 4.3.4,4.3.5 & 4.3.6).

Table 4.3.10: Mean volumetric soil water content (%)! fbr all pruning treatments 
and all distances under tree species at Siaya, western Kenya.

Crown pruning
Root pruning
Crown + Root Pruning 
Un-pruned control 
Prob > F-ratio
SED
Lsd
Sole maize = 29.63

Crown pruning
Root pruning
Crown + Root Pruning 
Un-pruned control 
Prob > F-ratio
SED
Lsd
Sole maize = 32.67

29.29b
29.56、
31.221
30.001
0.034
0.18
0.34
SE= 0.19

28^F 
28.96、 
29.61a 
28.62e 
0.053 
0.11 
0.21

error of the diflerences of means. SE - Standard error of the mean,1 Mean of 8 
measurements, 25-30 months after pruning, 4* cropping season short rain 2000.

30.52b 
30.90* 
30.931
29.66。
0.023
0.15 
0.29

30.25b 
30.43、 
30.86s 
28.98c 
0.040
0.17 
0.33

3I.031 
30.89s 
30.33、 
29.71° 
0.031 
0.18 
0.35

28.21c 
28.46、 
28.76a 
28.411* 
0.074 
0.12 
0.23

SE = 0.11

M. 
lutea 
29.65s 
29.43* 
29.351* 
28.52。 
0.062 
0.12 
0.22

G. 
robusta 
28.92^ 
28.75b 
29.111 
27.91c 
0.055 
0.14 
0.26
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4*
7

9*

3 4**

9*

4*

10*

4*

In general, %VSWC increased with soil depth with greater increase during the long

rains or June-July 2000. The proportion of water increase with soil depth was greater

under trees as compared to sole maize crop.

3
7

E・

2*

G. ‘obushi
~2*

6*
9*

M・ hue。

6*
9*

3*
7

8* 
10*

distances and depths for 4lh season short rain 2000 at Siaya. western 
Kenya.

Crown ♦- root pruned
Crown pruned
Root pruned
Unpruned (control)

5*
8* 
10*

Crown
(control) pruned Pruned

Crown + root pruned
Crown pruned
Root pruned
Unpruned (control)

Crown + root pruned 
C'rown pruned 
Root pruned 
Unpruned (control)

Sole- Unpruned Root 
maize

Tabic 4.3.11: Half matrix of pair wise comparisons of tree species and pruning 
treatments for mean volumetric soil water content (%) pooled for all

C,叫诚顷"口
2

Crown + root pruned 1
Crown pruned 5*
Root pruned 8*
Unpruned (control) 10*

* = Significant at p < 0.05.
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April- May 2000

equiseti/dlia grandis robusta

Long rain June 一 July 2000

Fore each study period, mean values in same column or the same row followed by diflerent 
・_ •___ _________ T Qletters are significantly different (p < 0.05). Lsd = least signiGcant di {Terence. Mean of 8
measurements, 18-24 months after pruning, 3rd cropping season long rain 2000.

Soil depth 
(cm)

Table 4.3.12: Effect of soil depth on mean volumetric soil water content (%), for all 
pruning treatments and all distances under tree species at Siaya. 
western Kenya.

0-20 
20-40 
40-60 
60-80 
80-100 
100-120 
120-140 
140-160 
160-180
Prob>F-ratio 
Lsd

Sole 
maize

M.
lutea

25.37* 
29.42"* 
3O.12C 
30.35e 
30.32e 
31.27b 
32.25* 
32.45* 
32.50" 
0.009 
0.39

24.64, 
28" 
29.77d 
30.10rt 
29.93e 
30.53* 
31.74b 
32.24* 
32.62* 
0.001 
0.43

25.84r 
28.17e 
29.70d 
30.06°* 
30.17, 
30.261" 
31.66、
32.17* 
32.23* 
0.003 
0.45

26.32r 
30.30* 
31.48d 
31.30" 
31.03, 
3l.22a 
32.34〉 
32.77, 
33.02* 
0.037 
0.34

27.23「 
30.79* 
30.64e 
31.10d 
31.80* 
32.47b 
33.381
33.63* 
33.40* 
0.041 
0.36

27.6r 
31.31* 
31.21* 
31.35* 
31.71d 
32.13d 
32.70* 
33.45* 
33.80*
0.046 
0.41

27.95* 
31.04* 
31.52d
31.43*
31.27* 
31.96° 
32” 
33.02*
33.31* 
0.023 
0.43

31.29° 
34.97* 
34.29* 
34.15* 
33.58* 
33.68*1 
34.15b 
34.54』 
34.68"
0.035 
0.40

0-20 
20-40 
40-60 
60-80 
80-100 
100-120 
120-140 
140-160 
160-180
Prob>F-ratio 
Lsd

27.78r 
29.67e 
30.5 ld 
30.94d 
30.96d 
31.5歹 
32.32h 
32.71b 
33.01* 
0.014 
0.55

27.76, 
32.06d 
32.99* 
31.74m 
31.89bd 
32.23d 
33.09h 
33.42* 
33.54" 
0.012 
0.39



165

September - October 2000

November 一 January 2000

Fore each study period, mean values in same column or the same row followed by different

pruning, 4* cropping

G.
robusta lutca

Sole 
Maize

Soil depth 
(cm)

0-20 
20-40 
40-60 
60-80 
80-100 
100-120
120-140 
140-160 
160-180 
Prob>F-ratio 
Lsd

letters are significantly different (p < 0.05). Mean of 8 measurements, 25-30 months after 
【season short rain 2000.

0-20 
20-40 
40-60 
60-80 
80-100 
100-120 
120-140 
140-160 
160-180
Prob>F-ratio 
Lsd

29.5俨 
33.05h 
32.57s 
33.70* 
33.3产 
33.32* 
33.27* 
32.968 
32.36, 
0.050 
0.52

27.25’ 
30.371* 
30.8211
30.80**
30.56、 
30.54b 
31.261
31.14*
31.661 
0.045 
0.48

25.97厂 
27.54。
28.36d
26.60“
28.55°*
28.79*
29.23b
29.58*
29.76*
0.019
0.29

27.34" 
30.35c 
30.9 
30.56c 
30.3 le 
31.13b 
31.08b 
31.24* 
31.60s 
0.042 
0.38

26.45r 
28.73d
29.24, 
28.76d 
28.90d 
29.45,

29.89* 
30.10* 
0.031 
0.26

27.22d 
29.17, 
29.00* 
29.01’
29.14* 
29.30° 
29.91** 
30.041
30.36’ 
0.043 
0.32

25.29r 
28.42, 
28.63, 
28.66* 
28.54&
28.92° 
29.38b 
28.87"* 
30.35* 
0.022
0.33

27.7尸 
29.7 le 
28.8/ 
28.73d 
29.58° 
29.75e 
30.53b 
30.79* 
30.97* 
0.044 
0.26

27.24d 
29.42c 
30.14X 
30.23*" 
29.49b 
30.40b
30.94肉 
31.00* 
31.241 
0.031 
0.48

26.42r 
29.80*
30.49°* 
30.19*
29.89d 
30.33"*
30.91b
31.28, 
3I.901 
0.044 
0.43

Tabic 4.3.13: Effect of soil depth on mean volumetric soil water content (%)' for all 
pruning treatments and all distances under tree species at Siaya, 
western Kenya.

C. E.
equisctijblia grandis
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Figure 4.3.4: Effect of soil depth on pooled mean volumetric soil water content (%) 
during the April-May long rain 2000 of the 3rd maize growing season
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Figure 4.3.6: Effect soil depth on pooled mean volumetric soil water content (%)
during the September-January short rain 2000 of the 4lh maize 
growing season at Siaya, western Kenya.
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4.3.1.5 Effect of distance from tree lines on soil water content in relation to soil

depth during long and short rains of 2000 as measured by neutron probe at

Siaya, western Kenya.

Tlie effect of distance Irom tree lines on %VSWC as well as its interactions with

pnining treatments and tree species were not statistically (P>0.05) different (Table

4.3.8).

4.3.1.6 Seasonal changes in %VSWC at Siaya

Percent VSWC under tree plots significantly (P<0.05) diflercd between assessment

occasions and overall trends of %VSWC over diflerent cropping season pooled fbr

all tree species and pruning treatments are present in (Figure 4.3.7). The trends of

%VSWC followed the rainfall pattern presented in chapter 3 (Figure 3.2). Soil water

under all pruning tree treatment plots was highly depleted during June- July and

January-February periods but was the highest during the April-May long rains and

October-November short rains (Figures 4.3.7 and 4.3.8). Seasonal soil water content

under the diflerent tree pruning treatments significantly diflered (P<0.05) during the

first two seasons of long and short rains in 1999 (Figure 4.3.8). The unpnined

(control) tree plots had significantly (P<0.05) less %VSWC during the first two

When the amount of rainfall received in the area was unusually low,seasons.

compared to the other seasons, during the Ihird season of long rain 1999, %VSWC

ceased to show any significant (P>0.05) differences between tree pruning treatment

(Figure 4.3.8).
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4.3.1.7 Rainfall canopy throughfall of trees subjected to diflcrcnt pruning treatments

Analysis of variance of rainfall canopy interception for species, tree pruning and

distance of rain gauges from the tree lines showed no significant differences (P>0.05)

on all assessment occasions. Summaries of rainfall canopy interception for all the

treatments at 1-m, 2-m from tree lines and in the open air arc shown in Figure 4.3.9.

4.3.2 Nyabeda

Due to the narrow spacing between treatment plots at Siaya and the fact that there

was no trenching between plots, except for the sole maize plots, it was assumed that

interaction between plots may exist and may have biased the effects of root pruning

studies, as tree roots or the different treatment plots may have intermingled from

different directions.

The tree root pruning study carried out at Nyabeda, which had a relatively bigger plot

size than Siaya (single tree rows) was assumed to facilitate evaluation of the effects

of tree root pruning treatments on %VSWC, as compared to distance from tree lines.
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4.3.2.1 Eflccts of root pruning of G. robusta boundar)v planted trees on %VSVVC

measured by Neutron probe at Nyabeda, western Kenya.

Soil water measurement using neutron probe (due to limitation of thetaprobe

availability, only neutron probe was used at Nyabeda site) commenced immediately

after tree root pruning. However, due to technical problems soil water count by

thetaprobc was not undertaken in Nyabeda.

Tliere were significant (P<0.001) diflerences between root pruning treatments on

%VSWC on all the assessment occasions (Table 4.3.14). Sole maize plot always had

the highest %VSWC. The one side pruned tree plots did not differ from the both

sides un-pruned (control) tree plots while the other side un-pnined tree plot had the

least %VSWC. During most part of the study period, %VSWC for all tree pruning

treatments was the same but they all significantly diflcred from the sole maize plots

(Tables, 4.3.14 and 4.3.15). See also Figure 4.3.10.

4.3.2.2 Changes in soil water content with soil depth as measured by neutron probe at

Nyabeda

There were significant (P<0.001) variations in %VSWC with soil depths and its

interaction with root pruning treatments at all assessment occasions (Table 4.3.14).

No significant (P>0.05) interactions were observed between soil depths, pruning

treatments and distances from tree line on all assessment occasions (Table 4.3.14).
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Figure 4.3.9: Mean monthly rainfail canopy throughfall as compared to the rainfall 
in an open air for C. equisetifolia and G. robusta crown pruned and 
un-pnined control tree plots over 3 maize growing seasons at Siaya, 
western Kenya.
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October January April

* = Significant at p < 0.05 and Significant atp< 0.00 i.

Mean values in same column or the same row followed by diflerent letters are significantly
different (p < 0.05), SED = standard error of the diflerences of means.

0.14
0.15
0.13
0.13
0.11
0.09
0.09
0.09
0.16
0.10
0.08
0.13

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

33.721* 
33.54d 
33.08° 
33.29° 
33.80° 
32.92, 
32.92, 
33.27d 
34.00c 
33.46d
35.52c 
30.97d

January 
February 
March 
May 
June 
July 
August 
September 
October 
November 
December 
January

Maize season 一 1 
(Short rain 1999)

Maize season 一 2 
(Long rain 2000)

36.36" 
36.70’ 
36.451 
37.32s 
36.42’ 
35.471 
35.47s 
36.051 
35.89’
35.941 
38.5P 
33.071

Maize season - 3 
(Short rain 2000)

SED Prob>F- 
ratio

Tabic 4.3.15: Eilect of tree root pruning on volumetric soil water content (%) 
pooled fbr all depths and distances from tree lines for January 2000 to 
January 2001 period at Nyabcda, western Kenya.

Table 4.3.14: Summaries of probability values for greater F-ratio from ANOVA 
examining effects of root pruning treatments, soil depth and distance 
from tree lines and their interactions on %VSWC during the maize 
growing seasons of short rain of 1999, long rain of 2000 and short 
rain of 2000, at Nyabeda western Kenya.

33.01c
33.95c
34.16c
34,40b
34.3 lb
33.04°
33.04°
33.85°
35.66"
33.96c
36.37、
31.65c

33.78b 
34.91b 
34.10h 
34.33b 
34.47b 
33.4炉 
33.49b 
34.16、 
35.11b 
34.24b 
36.35、 
32.09b

(wet)
0.0001**
0.0001**
0.0001**
0.337
0.0001**
0.994
0.983

(dry) 
o.ooor* 
0.0001 ♦♦ 
0.0001** 
0.379 
0.0001 ♦♦ 
0.082 
1.000

Source of 
'•ariation 
Pruning (P) 
Depths (DE) 
Distance (D) 
PxDE 
PxD 
DExD 
P x DE x D

(dry) 
0.002** 
0.0001** 
0.0001** 
0.757 
0.016 
0.868 ［鲫

July 
(dry) 

0.002** 
0.000 !♦* 
0.0001** 
0.189 
0.0001 ♦♦ 
0.979 
0.999

(wet) 
0.0001** 
0.0001** 
0.0001** 
0.052 
0.000** 
0.743 
0.996

October January 
(wet) 
0.0001** 
0.0001** 
0.0001** 
0.171 
0.0001** 
0.978 
1.000

One-side The other side Both sides un- Sole
pruned un-pruned pruned control maize
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Results of the eflcct or boundary planted G. robusta on soil water, with reference to

soil depth, during the first three seasons at Nyabeda arc presented in Table 4.3.16.

The results show that sole maize plots always had more %VSWC in all assessment

depths as compared to the root pruned tree plots. All root pruned tree plots had lower

water content below 40-cm soil depth.

The both sides unpruned (control) tree plots had significantly less %VSWC in the

upper 20 cm soil depth. Soil water content was high between 40-80 cm soil depths

for all root pruned tree plots, during the first two seasons. However, the unpmncd

(control) tree plots had more water al 60-cm depth compared to the root pruned tree

plots. Soil profile with one side unpruned tree plots had the lowest water content

within 40-200 cm soil depths.

The %VSWC for the impruned (control) tree plots and one side pruned tree plots was

similar below 60-cm depth, during the first and the second maize cropping seasons

(Table 4.3.16). Percent VSWC, during the third maize growing season i.e. short rain

2000, was higher in the top 0-20 cm fbr the one-side root pruned treatments while the

other side un-pmned always resulted in less %VSWC than the both side un-pruned

(control) tree plots.
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First season short rain (September - January 1999)

Lsd p v 0.05 For differences between mean %VSWC with depths of soil profile = 0.32

Second season long rain (March 一 August 2000 )

Lsd p v 0.05 For differences between mean %VSWC with depths of soil profile = 0.29

Third season short rain (September - January 2000)

Lsd pvo.05 For diflferences between mean %VSWC with depths of soi] profile = 0.25

0-20 cm 
20-40 cm 
40-60 cm 
60-80 cm 
80-100 cm 
100-120 cm 
120-140 cm 
140-160 cm 
160-180 cm 
180-200 cm 
Mean

0-20 
20-40 
40-60 
60-80 
80-100 
100-120 
120-140 
140-160 
160-180 
180-200 
Mean

31.81
34.73
34.98
34.42
33.81
33.56
33.90
33.70
33.60
33.99
33.85

27,11
34.24
34.49
35.10
34.48
34.63
34.36
33.84
33.24
34.49
33.72

30.14
34.67
35.52
35.53
35.12
34.53
34.02
34.26
33.80
34.02
34.16

36.15
39.17
40.36
39.24
38.46
36.46
35.19
34.46
34.53
37.32
37.32

25.32 
33.87 
34.30
34.37
33.70
33.55
33.81
33.71
33.79 
33.76 
33.01

30.73 
36.47 
36.37 
36.21 
34.74 
34.32 
34.05 
33.51
33.61 
33.96 
34.40

32.22
34.88
35.28
33.91
32.93
32.61
32.85
32.45
32.53
33.23
33.29

29.87
34.17
34.63
34.06
33.16
33.09
33.52
33.09
33.48
33.85
33.28

32.78
37.50
37.36
37.24
37.47
36.81
37.23
37.25
35.21
37.58
36.63

30.81
36.64
37.32
35.74
34.99
34.15
33.58
33.56
33.14
33.38
34.33

1'able 4.3.16: Effect of soil depth on mean %VSWC pooled for all distances from 
the tree line and pruning treatments during the 3 maize cropping 
seasons at Nyabcda, western Kenya.

Sole 
Maize 
30.15 
36.86 
38.08 
38.09 
38.49 
38.65 
36.19 
35.95 
34.74 
35.55 
36.36

Soil depth 
(cm) 
0-20 
20-40 
40-60 
60-80 
80-100 
100-120 
120-140 
140-160 
160-180 
180-200 
Mean

Both sides un- 
pruned control 
24.77 
33.66 
35.37 
35.84 
34.82 
34.55 
34.57 
34.83 
34.57 
34.46 
33.78

One-side The other side 
root pruned im・pruned
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%VSWC

LR = Long rain 
SR s Short rain

. One side root 
pruned

H- The other sHe 
un-pruned

—A—Both sides urb 
pruied control 

—7<—Sole maize

SED1 = Standard error or the means between depths in a treatment.
SED2 = Standard error of the means between treatments for a given depth of soil profile.

Figure 4.3.10: Effects of soil depth and tree root pruning on percent volumetric soil 
water content (%) pooled for all distances from G. robusta tree line 
during the short rain 1999, long rain 2000 and short rain 2000 at 
Nyabeda, western Kenya.
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4.3.23 Efleet or increasing distance from tree lines on soil water content over 3

maize growing seasons at Nyabeda, western Kenya

Increasing distance from the tree line signiricantly (<0.001) increased ^bVSWC

during all the measurement occasions (Figure 4.3.11). There were also significant

(P<0.001) interaction effect between tree pruning treatments and increasing distance

from tree lines on %VSWC during all the three maize cropping seasons (Table

4.3.12).

4.3.2.4 Seasonal changes in %VSWC at Nyabeda

The overall trends of %VSWC over dillcrent cropping seasons pooled for all soil

depths and distance from tree lines followed the rainfall pattern presented in chapter

3. The results indicate that %VSWC under all tree pruning treatments increased

when it rained (November-May) and gradually decreased (June-August) when it

stopped (Figure 4.3.12).

During all the study period, %VSWC under the root pruned tree plots followed

similar trends but they all significantly (P<0.05) differed from the sole maize plots.

The sole maize plots had the highest %VSVVC througliout the measurement periods

while soils under the one side unpruned tree plots had the lowest (Figure 4.3.12).
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Firsi season SR 1999
38 :
37 :
36
35

33 i
32
31
30
29

0 3 1.15 2.25 7.85

Second season LR 2000
38

37

36

35
934

33

32

31

2.25 4.85 7.8503 1.15

SR 2000
38

37

36

35

33

32

31

30

1.15 2.25 4.85 7.B50.3

SED1 >0 09
SED2 -0.10 LR ■ Long rains 

SR*Short rains

♦ One side root pruned
-■一 The other tide un-pruned
—A—Both sldes-unpruned control

— Sole maize

SED1 =013
SED2 = 0 14

♦ 
SED1 ■ 0 09 
SED2 >0 11

Distance (m)

SED1 = Standard error of the means between distances in a treatment
SED2 = Standard error of the means between treatments for a given distance.

Figure 4.3.11: Eflect of distance and tree root pruning on percent volumetric soil 
water content (%) pooled for all depths during the short rain 1999, long 
rain 2000 and short rain 2000 at Nyabeda, western Kenya.
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4.4 Sap flow

Due to limitations of the availabilities of sap flow equipments, only two species were

included in this study, C. equiset^dlia and G. robusta at Siaya and G. robusta at

Nyabcda. The sap flow equipment was available almost two years alter the pruning

treatments were applied at Siaya and after about one year at Nyabeda and therefore the

result presented in this section would have been different if assessments were done

immediately aRer application treatment.

Figure 4.3.12: Mean trends of %VSWC pooled for all soil depths and distances from 
tree line over three seasons at Nyabeda, western Kenya.
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4.4.1 Siaya

4.4.1.1 Sap flow in C. equisetifolia

Diumally. sap flow increased from 7-10 hours, remained constant to about 15 hours

then it started to decrease and it stabilized at about 19 hours, with gradual decrease

before and a Her those hours in all treatment tree plots (Figure 4.4.1). There were.

however, significant (P = 0.0001) diflerenccs in sap flow (cni/hr) between the pruning

treatments. Sap flow was the highest in the root-pruned trees while the crown pruned

trees exhibited the least sap flow (Figure 4.4.1).

4.4.1.2 Sap flow in G. robusta

Diumal sap flow started to increase at 6 hours, attained maximum at about 11 hours

and started to decline at 12 hours. The sap flow remained constant starting from 15-16

hours. Two years after tree pruning, crown and crown plus root pruned G. robusta

trees significantly decreased transpiration rate compared to root pruned and the

unpruned (control) trees. There was significant (P = 0.0001) variation in sap flow

between pruning treatments (Figure 4.4.2).



183

16

B

6

Julian day

(b)
1

DBH => 8.23

-Conlrol fun-oruncd)Crown orunad ■ Root oruned

0

SED1 = Standard error of the means between time in a treatment
SED2 = Standard error of the means between treatments for a given time.

B 11 12 13 14 IS IS 17 IS 19 20 21 22 23 0 
Time (hours)

for C. equisetifolia during the 4lh cropping season (4 
pnming) i.e. short rain 2000, 2 years after pruning, at Siayav western 
Kenya.

SED1=7.9
SED2=9.8

Figure 4.4.1: Trends of transpiration rates averaged for (a) all days and (b) hours/day 
for C. equisetifblia during the 4lh cropping season (4 seasons after tree
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SED2 = Standard error of the means between treatments for a given time.
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pruning) i.e. short rain 2000, 2 years after pruning, at Siaya, western 
Kenya.
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4.4.2 Nyabeda

Diurnal variation in Sap flow (transpiration) per tree per hour (or boundary planted G.

robusta at Nyabeda was analyzed for the two treatments, one-side root pruned and un­

pinned (control) plots.

There was a significant difference in sap flow between the two treatments and the

results showed that when trees are pruned in only one side and the other side is left un­

pruned, trees will have a higher transpiration rate per hour than when trees are un­

pruned on both sides.

4.5 Light interception

Studies on light intcrceplion were carried out to determine whether the amount

shade cast by the diflerent trees was affected by the diflerent pruning treatments and

its relation with maize growth and yield. This section presents the results on light that

was incident on maize canopy and tliat was intercepted by maize crops, as influenced

by the presence of trees and their pruning treatments.
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4.5.1 Effects of boundary trees on fraction or incoming PAR incident on the maize

canopy

The mean fraction of the incoming PAR that was incident on the maize canopy during

the first (long rain in March - May 1999, immediately after tree pruning was imposed)

and the fourth (September-November short rain in 2000) maize cropping seasons are

shown in Figure 4.5.1. Tree species, pruning treatments and rows of maize from tree

lines; and interaction of species with pruning treatments as well as interaction of

arfcctcd the fraction of incoming PAR that was reaching the maize canopy when

compared to the sole maize.

However, the interaction of species, pruning treatments and rows were significantly

affected only during the first season, 1999 (lable 4.5.1 and Figure 4.5.1). Hie overall

reduction in incident PAR for all the pruning treatments and maize rows during the

first season was 33%, 46%, 35% and 25% under C. equisetifblia, £. grandis, G.

robusta and M. lutea respectively. During the 4lh maize cropping season, C

equisetifblia reduced the incoming PAR by 36%, E. grandis by 47%, G. robusta by

38% and M. lutea 34%. The fraclion of light that was reduced by presence of trees on

and 4.5.1b).

maize canopy increased from the first to the 4th maize cropping season (Figure 4.5.1a

pruning treatments with rows, during the 1st and 4lh seasons, significantly (P<0.0001)
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Both crown and crown plus root pruning significantly (P<0.001) reduced the cfleets of

tree shading on crops and increased the fraction of light that was reaching the maize

canopy (Table 4.5.1, Figure 4.5.1a and 4.5.1b). In order to show e(Teets of crown

pruning on light, the light data which was taken immediately after pruning and at the

end of this study (after 4 cropping seasons) arc presented (Figure 4.5.la and 4.5.1b).

Since light readings were found to vary within short distance under the tree canopy

(McIntyre et aL, 1996), the average of seven measurcincnts was used in this study.

4.5.2 Fraction of PAR intercepted by the maize crop foliage

The mean fraction or the incoming PAR that was intercepted by the maize crop during

the four cropping seasons was significantly (P<0.05) dinerent for the main effects of

of maize from the tree lines; and also for thespecies, tree pruning and rows

interactions of species and tree pruning during all the assessment occasions while

interactions of species rows and species, pruning and rows were significant during the

first assessment occasion (Table 4.5.2b).

The mean fraction of PAR intercepted by the foliage of the maize crop was

significantly lower in the tree plots when compared to the sole maize plot lor all the

measurements taken in all the Ibur cropping seasons (Table 4.5.3).
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1'he situations, remained unchanged during the second season of the short rain of 1999

(October-November) where the crown and crown plus root pruned treatments resulted

in higher light interception compared to the unpruned (control) plots under all tree

species but was statistically lower than the sole maize plot (Figure 4.5.3).

SED1 = Standard error of the means between %PAR in a species 
SED2 = Standard error of the means between %PAR for a given species.

CO»('rown pruned. Rl* a Root pruned. CP» RP-Crown ♦ Rool pruned, 
CO = Conlrol (unpruned), SM "Sole maize.

Figure 4.5.1: Effect of trees and pruning treatments on the mean (4 measurements) 
fraction of incoming PAR reaching the maize crop for (a) March - May 
1999 and (b) September - November 2000 cropping seasons at Siaya, 
western Kenya.
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Source SR-2000SR-1999 LR-2000LR-1999

*♦ = significant atp< 0.001 and *=significant at p<0.05; LR=Long rains, SR=Short rains

SR-2000SR-1999 LR-2000LR-1999

Values in the same column followed by different letters are significantly different P < 0.05),
Lsd = Least significant difference.

0.000**
0.000**
0.000**
0.000** 
0.045* 
0.003*

0.46b 
0.521 
0.44b 
0.45b 
0.03 
0.66

0.000** 
0.000** 
0.000**
0.000** 
0.050* 
0.005*

Species (S) 
Treatments (P) 
Rows (R) 
SxP 
SxR 
SxPxR

0.000**
0.000**
0.000**
0.000** 
0.087 
0.099

0.098
0.000** 
0.000** 
0.001** 
0.541
0.782

C equisetifblia 
E. grandis 
G・ robusta 
M・ lutea 
Lsd 
Sole maize

Species (S) 
Pruning (P) 
Rows (R) 
SxP 
SxR 
SxPxR

0.58* 
0.5 lb 
0.57" 
0.60s 
0.04 
0.74

Table 4.5.3: Mean (all pnining treatments combined) fractional light intercepted by 
maize crops during the 4 cropping seasons at Siaya, western Kenya.

0.59c 
0.59e 
0.56'
0.61, 
0.03 
0.66

0.000** 
0.000** 
0.000** 
0.000** 
0.068 
0.097

Table 4.5.2: Probability values lor greater F-ratio ibr ANOVA of the effect of 
tree species, pruning treatments and rows of maize from tree lines and 
their interactions on PAR interception by trees (a) and by Maize (b) at 
Siaya, western Kenya.

0.048 
0.000** 
0.000** 
0.001**
0.213 
0.465

0时 
0.651* 
0.63b 
0.691 
0.04 
0.76

(b) 
0.000** 
0.000** 
0.000** 
0.000** 
0.058 
0.065

(a) 
0.000** 
0.000** 
0.000** 
0.000** 
0.055 
0.023
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Casuarina equiestifolia GrwHea robusta
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maize foliage (average of 4 measurements) for October-November 
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During the third cropping season i.c. the long rain in 2000, crown pruned and crown

plus root pruned C. equiseti/blia plots showed significantly higher PAR interception

while the root only pruned and the unpruned (control) plots had statistically the same

but lower light interception than the crown and crown plus root pruned plots.

Eucalyptus gramlis unpruned (control) plot intercepted significantly less PAR

compared to all the other treatments which were statistically the same. Crown and

crown plus root pnined plots or G. robusta intercepted significantly higher PAR than

its unpnined (control) plots. For M. lutea, unpruned (control) plots resulted in

significantly lower PAR interception as compared to the other three pruning

treatments (Figure 4.5.4).

The influence of rows of maize from the line on the interception of PAR is shown in

Figures 4.5.2,4.5.3,4.5.4 and 4.5.5. Trees and treatment plots resulted in statistically

dirferent PAR by rows up to 3 m from tree line. Light interception increased as rows

or maize increased from 1 m to 3 m (Figure 4.5.1). No significant differences were

noted for PAR from 3 - 4 m in all the measurement occasions.

of the short rain in 2000 PAR under C.During the fourth cropping season

equisetifblia was higher in the crown and crown plus root pnined plots. Eucalyptus

grandis showed no significant (P<0.05) differences among its all pruned plots.

Grevillea robusta had significantly (P<0.05) higher PAR in its crown pruned plot

only. All the other treatment plots of G. robusta were statistically (P>0.05) the same

as the control plot.
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Markhamia hitea had signiricantly (P<0.05) less PAR in the unpnined (control) and

root pained plots as compared lo the other two treatments (crown and crown plus

root pruned plots). The crown and crown plus root pruned lutea tree plots were

statistically (P>0.05) the same and had significantly higher PAR than the root pruned

and the unpruned (control) tree plots (Figure 4.5.5).

In general, for all species: sole maize crop had highest light interception while the

unpruned (control) had least light interception. For C equiseti/dlia and G. robusta.

crown and crown plus root pruning treatments intercepted higher PAR than root

pruning treatments. For E. grandis and M. lutea, pruned trees intercepted more or

less similar PAR.

4.6 Effect of tree pruning ou growth and yield of maize

Maize growth and yield were monitored under the pruned trees in Siaya and Nyabeda

sites. Results of maize growth and yields at Siaya are presented in section 4.6.1 while

those at Nyabeda are presented in section 4.6.2. There were 5 cropping seasons for

Siaya and 4 seasons for Nyabeda (Chapter 3 Tables 3.2 and 3.3). The pruning

treatments were imposed in March 1999 long rain at Siaya and in September 1999

short rain at Nyabeda.



197

Cssuarina equisefifoha Gre^llea robusta

08 08
07 07
06 06
05 05
0.4 Q4
03 0_3
02 02

01
2 1

Eucalyptus grands MatWmlutea

0.808
*——炉

0707

0606

0505

0404

030.3

0.202

0.1
232

SED1 = 0.05
SED2 = 0.08

1 = 005
SED2 = 008

0.1-------
1

,i —

2

Rows of maize from tree lines (m)

SED1 and SED2 as deGned in Figure 4.5.2.

Figure 4.5.5: Eflects of tree pruning on the mean PAR fractional interception by 
maize foliage (average of 4 measurements) for October-November 
2000 at Siaya, western Kenya.

Cnwn pruned 
Root pined 
Crtmn. Real pruned
RotXptmd

Control 
-Jl-Sole matee

■8&0313.£

-
■§»= 

-cuoKm
y U

C
3S



198

4.6.1 Siaya

4.6.1.1 Efleet of tree pruning and distance from the tree line on maize growth

Maize height and root collar diameter during the first season following tree pruning.

was recorded at 3. 6, and 8 weeks after maize sowing. Maize plant and cobs numbers

were also counted during harvesting in the first season only. The assessments of both

maize growth and counting of maize were then tenninated, since both maize growth

parameters and counting of maize were not good indictors of yield production.

Tlic results of the efleet of species, pruning treatments and distance of maize rows

from tree lines and their interactions on maize height and root collar diameter during

the first maize cropping season after pruning, are presented in Tables 4.6.1 and 4.6.2.

Tree species and pruning treatment and their interactions resulted in significantly

(P<0.001) diflerent mean height and root collar diameter on all the assessment

occasions. However, an increase in distance from the tree line had no effect on maize

height and root diameter (Table 4.6.1).

During the third week assessment, maize height and root collar diameter (Table

4.6.2) were relatively high under crown pruned and crown plus root pruned trees of

all species. In general, during these assessment occasions, maize growth under E.

grandis crown and crown plus root pruned trees was superior compared to that of

maize under other tree species. Casuarina equiseti/blia ranked second in its eflect on

maize height and root collar diameter growths. For G. robusta and M. lutea^ maize
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mean height and root collar diameter under root pruned trees exhibited the highest

growths, compared to the other pruning treatments, during the 6lh and 8,h weeks

assessments. For all the tree species, maize growth under the unpruned (control) trees

the poorest during all assessment occasions. Sole maize showed less growthwas

compared to maize under crown and crown plus root pruned trees of all species and

all assessment occasions except for unpruned (control) M・ lutea trees (Tableon

4.6.2).

Weeks aQcr maize planting

88 33

Cobs numberPlant numberSource of variation

0.000P*
0.0001**
0.090
0.0001"
0.078
0.080
0.850

Table 4.6.1: Probability values fbr grater F-ratios for the efleet of species, pruning 
treatments and rows of maize from tree lines and their interaction at 3. 
6, and 8 weeks after maize planting for maize growths, plant and cob 
numbers during the first season long rain in 1999 at Siaya, western 
Kenya.

0.000
0.0001“
0.059
0.000 !*•
0.051
0.055
0.940

0.0052* 
0.0001**
0.814
0.0001"
0.082
0.069
0.147

0.006* 
0.000" 
0.363 
0.000" 
0.297 
0.114 
0.733

0.0001**
0.0001“
0.180
0.0001“
0.066
0.078
0.875

0.04H 
0.000** 
0.637 
0.001** 
0.381 
0.609 
0.851

and * = significant atp< 0.05

6 
Diameter 
0.033* 
0.0001** 
0.055 
0.0001“ 
0.059 
0.063 
0.363

Source of variation
Species (S)
Pruning (P)
Rows (R)
SxP
SxR
PxR
SxPxR

Height 
0.0001" 
0.0001" 
0.313 
0.0001“ 
0.075 
0.071 
0.999

Species (S)
Pruning (P)
Rows (R)
SxP
SxR
PxR
SxPxR
*♦ = Significant atp< 0.00
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4.6.1-2 Effect of tree pruning and distance from tree line on maize plant numbers and

yield

Maize plant and maize cob numbers during the first maize cropping season after

pruning were significantly (P<0.001) diflercnt for both tree species and pruning

treatments (Tables 4.6.1 and 4.6.3). ITiere were also significant interactions

(P<0.001) between species and pruning treatments on both number of maize plants

and number of cobs during the first cropping season of long rain in 1999 (Tables

4.6.1 and 4.6.3). Crown and crown plus root pruned C equisetifblia trees resulted in

highest maize plant and cob numbers (Table 4.6.3) as compared to the other tree

pruning treatments. However, the highest maize plant and cob numbers did not give

the highest grain yields at the time of harvesting.

Since growths and number of maize plant were not good indicators of maize grain

yield and grain yield is rather more important to farmers than maize plant number

and growthsl more emphasis was, hereafter, given to maize grain yield.

The effects of species and tree pruning treatments were significantly (P<0.001)

dirferent for both maize cob and grain yields on all assessment occasions, while the

eflccts of increasing rows of maize from tree lines were not significantly (P>0.05)

different. There was also significant (P<0.001) interaction between species and

pruning treatments on maize cobs and grain yields in all the cropping seasons (Table

4.6.4). However, no significant interactions were observed for species, pruning

treatments and rows of maize from tree lines.
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In general, maize grain yield was highest under AL huea followed by sole maize

crop. Eucalyptus grandis ranked third while C cquisetijitlia ranked 4lh followed by

G・ robusta (Tables 4.6.5 and 4.6.6). Markhamia lutea tree crown and crown plus root

pruned tree plots produced the highest maize yield compared to the other tree

pruning treatments, during the first three maize growing seasons but these cfleets

declined during the fourth and fiflh cropping seasons (Tables 4.6.5 and 4.6.6).

For E. grandis^ crown and crown plus root pruned trees resulted in the highest maize

cob and grain yields during both the first and the second maize growing seasons

(Tables 4.6.5 and 4.6.6). Root pruning of E. grandis trees gave more maize yield

during the third, fourth and fifth cropping seasons than the first two seasons (Tables

4.6.5 and 4.6.6).

For C. equisetifblia9 maize cob and grain yields were higher under crown plus root

pruned trees. However, maize yields under root pruned trees did not differ from that

under unpruned (control) trees, both scored least maize cob and grain yields during

all measurement occasions except for the second season (Tables 4.6.5 and 4.6.6).

Interestingly, fbr G. robusta^ root pruned trees resulted in the highest maize yield

during all the cropping seasons, compared to the other tree pruning treatments

(Tables 4.6.5 and 4.6.6).
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36.82b 
36.25b 
39.84s 
34.68* 
0.005 
0.39
0.80

97.60"
108.781 
84.59e 
79.58d 
0.000
1.78
3.42

Crown pruning
Root pruning
Crown & root pruning
Control (no pruning)
Prob > F-ratio
SED
Lsd

1.21a 
1.24* 
L12b 
1.04c 
0.032 
0.12 
0.02

1.08a 
L10a 
I.04b 
0.96c 
0.021 
1.02 
0.02

68.30s 
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0.79 
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0.01 
0.02

L23・ 
L02e 
1.09b 
0.91d 
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0.01 
0.02 

TIT

66" 
66.43s 
61.00b 
49.84： 
0.002 
0.86 
1.60 

67.79

L33a 
1.18b 
1.20b 
1.03c 

0.001 
0.013 
0.02 

T27-

Crown pruning
Root pruning
Crown & root pruning 
Control (no pruning) 
Prob > F-ratio
SED
Lsd
Sole maize

41.45* 
36.78、 
37.80b 
3L49C 
0.011 
0.42 
0.77

"3Z8T

M. [lUea 
99J25 
105.88’ 
88.91c 
64.61d 
0.0001 
2.06 
3.88 

10Z06
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Category I leiglit (cm) Root collar diameter (cm)

3 8 3 6

E. Rrandis

112.23’ 
85.45c 
i03.72b 
7l.66d 
0.0001 

1.74 
3.17

729^ 
1.05c 
1.34a 
0.95d 
0.031 
0.02 
0.03

74.34a 
61.78、 
72.88’ 
54.93c 
0.001 
0.87 
1.58

I.16a 
0.82c 
1.12b 
0.81e 
0.001 
0.02 
0.03

L20a 
0.95e 
1.13b 
0.93e 
0.000 
0.013 
0.02

Table 4.6.2: The effect of tree pruning on maize height and root collar diameter 
(cm) at 3, 6 and 8 weeks after planting during the long rain in 1999 at 
Siaya, western Kenya.

41.37’ 
37.5711 
40.01" 
34.47c 
0.031 
0.43
0.83

Crown pruning
Root pruning
Crown & root pruning 
Control (no pruning) 
Prob > F-ralio
SED
Lsd

嘴

盅

.000
0.02
烦
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Category

For each species, values in the same column followed by different letters are significantly

Number of 
plants/ha

Number of 
cobs/ha

2488011 
29880" 
25236、 
276161 
0.000 
1172 
2344.56

34284’ 
30476b 
30476b 
18628c 
0.000 
1292 
1996.8

297041 
20060b 
28928a 
I6468b 
0.000 
1068 
1625.32

Crown pruning
Root pruning
Crown & root pruning 
Control (no pruning) 
Prob > F-ratio
SED
Lsd

Crown pruning
Root pruning
Crown & root pruning 
Control (no pruning) 
Prob > F-ratio
SED
Lsd

Crown pruning
Root pruning
Crown & root pruning 
Control (no pruning) 
Prob > F-ratio
SED
Lsd

diflcrent (P < 0.05). SED is the standard error of the diflercnce of means. Lsd 
Least significant diflerence

Tabic 4.6.3: Effects of tree species and pruning treatments on maize plant and cob 
numbers during the long rains of 1999 at Siaya, western Kenya.

22320, 
32736’ 
24164b 
15532* 
0.000 
1404 
2236.8 
26428

G. fvbusta 
35296s 
37916’ 
33808c 
36012b 
0.000 
632 
1232.24

E. gmndis 
3750俨 
36888b 
383921 
34464e 
0.006 
620 
1200.08

Crown pruning
Root pruning
Crown & root pruning 
Control (no pruning) 
Prob > F-ratio
SED
Lsd
Sole maize control

M. lutea 
33156。 
397041 
35236、 
29644d 
0.000 
236 
402.57 
35000

C・ oquisel啊ia 
407723 
37144b 
35536： 
33272" 
0.001 
688 
1153.96
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Relative changes (%) in maize grain yield from various pruning treatments as

compared to the sole maize plot are shown in Figure 4.6.1. In general, there was 50-

80 % gain in maize yield under crown and root pruning as compared to those

unpruned (control) trees. Crown and crown plus root pruning treatments also

increased maize yield by 10-50% during the first two maize growing seasons as

compared to the maize alone plots (Figure 4.6.2).

Cobs dry wciglit

LR=Long rains, SRsShort rains, "^Significant atp< 0.001 and ^significant at p< 0.05

For each tree species, the effect of pruning treatments and distance from tree lines on

maize grain yield were significantly (P<0.05) different on all assessment occasions

(Figures 4.6.2 and 4.6.3). When maize above ground biomass (cobs and stover dry

SxR
PxR 
SxPxR

0.008* 
0.0001**
0.088
0.0001
0.869
0.780
1.000

0.027* 
0.0001"
0.258
0.000
0.982
0.992
0.999

Species (S) 
Pruning (P) 
Rows (R) 
SxP 
SxR 
PxR 
SxPxR

0.003拳 
0.0001 
0.063 
0.0001"
0.948 
0.994 
1.000

0.000
0.010*
0.061
0.000
0.764
0.472
0.962

Table 4.6.4: Probability for greater F-ratio values fbr effect of species, pruning 
treatments and distance of maize rows from tree lines and their 
interactions on maize yield over the different cropping seasons at 
Siaya, western Kenya.

Source of variation
Species (S)
Pruning (P)
Rows (R)

Grain dry weight 
0.004* 
0.0001** 
0.749 
0.0001** 
0.698 
0.349 
0.997

LR- 
2001 
0.0001" 
0.010* 
0.064 
0.0001“ 
0.752 
0.469 
0.960

LR- 
2000 
0.051 - 
0.000 
0.248 
0.001** 
0.981 
0.987 
0.999

SR- 
1999 
0.003* 
0.0001** 
0.782 
0.000** 
0.749 
0.399 
0.999

LR- 
1999 
0.006* 
0.0001 ♦* 
0.090 
0.0001** 
0.846 
0.062 
1.000

SR- 
2000 
0.0001** 
0.000P* 
0.077 
0.0001 ♦♦ 
0.938 
0.993 
1.000
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closer to the pruned trees produced more biomass during the first season, compared

to rows that were away from the tree lines, except for the unpruned (control) plot

(Figure 4.6.3).

4.6.2 Influence of root pruning and distance from the tree line on maize yield at

Nyabeda

free pruning and increasing distance from tree line significantly (P<0.05) influenced

seasons. However, their interaction had no significant cfleet throughout the study

period (Table 4.6.7). During the first and second cropping seasons, maize grain yield

root pruned and the other side unpruned tree plots were not significantly (P>0.05)

different. During the third cropping season, all treatment efleets were no longer

significant (Table 4.6.8).

Grain yield increased with distance from the tree lines of all pruned trees (Figure

4.6.4) with higher maize grain yield increase under one-side pruned trees compared

to the other side unpruned and both side unpruned (control) trees. No significant

differences were observed on the effect of increasing distance from the tree line on

maize grain yields under the other side unpruned and unpruned (control) plots. Maize

grain yield under all the tree pruning treatments were the same during the short rain

in 2000 planting season.

maize cob and grain yields during all assessment occasions, except for the 3rd and 4lh

weights added) produced under pruned trees were also examined row by row, rows

was significantly highest in the sole maize plot. Maize grain yields from one-side
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Treatments

C. equiseltfblia

E・ grandis

G. fvbusta

M. lutea

For each species, values in the same column followed by diflerent letters are significantly
diflerent (P < 0.05). Lsd = Least significant diflerence.

Short rain 
1999

Long rain 
1999

1547.8* 
732.92c 
1010.6b
I66.52d 
154.72 
781.2

602.64"
982.08s
621.52b
360.76* 
101.8 
781.2

Long rain 
2000

Short rain 
2000

2657.8’ 
1931.36b 
2725.24* 
1874.04b 
168 
2263.4

419.04s 
783.48* 
535.96b 
158.4d 
100.44 
1494.56

727.84'
683.36'
911.28*
608.16*
82.16
1036.84

Long rain 
2001

707.84s 
506.56b 
643.92* 
298.12c 
101.8 
1494.56

738.84° 
287.36, 
866.68, 
349.时 
66.8 
1036.84

845.76" 
1040.28* 
1016.8* 
895.2术 
105.2 
1036.84

590.32、 
598.8b 
602.24b 
804.8* 
76.16 
944.08

874.6b 
1119.76* 
799.48* 
924.24b 
74 
1036.84

Crown pruning 
Root pruning 
Crown + Root 
Control 
Lsd 
Sole maize5

Crown pruning 
Root pruning 
Crown + Root 
Control 
Lsd 
Sole maize

Crown pruning 
Root pruning 
Crown + Root 
Control 
Lsd 
Sole maize

Crown pruning 
Root pruning 
Crown + Root 
Control 
Lsd 
Sole maize

2578.681 
1045.92e 
2554.52s 
1546.84b 
159.88 
2263.4

I788.32b 
1702.2b 
2361.88* 
1397.88e 
154.96 
2263.4

437.72" 
76.08’ 
760.24* 
121.96e 
74.44 
1494.56

770.6" 
211.24c
887.16*
255e 
70.52
781.2

502.8" 
301.92, 
906.12* 
298.8C 
55.32
944.08

468.36" 
252.84 le 
708.321 
312.32* 
68.12 
944.08

2699.8* 
2121.08b 
2338.721* 
898.08’
212 
2263.4

539" 
327.24* 
719.76* 
240.08d 
73.04 
1494.56

573.84b 
670.8* 
559.68b 
393.36e 
93.96 
944.08

'In all the analysis under taken the sole maize plot was seen as an added control and it was used as a 
contrast in comparing its significant levels with species, treatments and distance of maize firom the 
tree lines.

Table 4.6.5: Effects of tree pruning treatments on dry maize cobs yield (kg/ha) 
over five cropping seasons at Siaya, western Kenya.

990.8平 
841.08a 
553.72b 
226° 
168.08 
781.2

Cropping seasons
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Table 4.6.6:

Treatments

C・ equiseglia

E. grandis

M・ lutea

For each species, values in the same column followed by different letters are significantly
diflerent (P < 0.05). Lsd = Least significant diflerence.

2158.961 
947.88° 
2099.921 
1303.6、 
142.16 
1804.08

Long rain 
1999

Short rain 
1999

Long rain Short rain Long rain
2000 2000 2001

722.88b
873.961
878.41 
758.12b 
89.76
884.04

2282.08* 
[609.押 
2264.08* 
1566.56〉 
140.2 
1804.08

411.28° 
249.72* 
760.321 
234.88c 
46.12 
784.96

Crown pruning 
Root pruning 
Crown + Root 
Control 
Lsd 
Sole maize

Crown pruning 
Root pruning 
Crown + Root 
Control 
Lsd 
Sole maize

Crown pruning 
Root pruning 
Crown + Root 
Control 
Lsd 
Sole maize

Crown pruning 
Root pruning 
Crown + Root 
Control 
Lsd 
Sole maize

817.12" 
696.72b 
456.6e
166.88d 
141 
638.72

488.481 
490.4b 
482.6b 
655.2' 
62.96
784.96

2264.76* 
1762.56’ 
1950.211 
743.84d 
174.68 
1804.08

355.76"
61.44°
622.4*
50.24e 
60.64 
1219.4

268.44c 
607.32* 
191.12d 
61.2 
1219.4

380.161*
203.84e
598.16*
255.84’
56.6
784.96

732.16' 
936.241 
676.48s 
789.08b 
62.56
884.04

487.28"
808.36*
516.48麻
291.92° 
83.96 
638.72

626.08b 
175.4* 
730.44* 
192.32* 
58.48 
638.72

471.81 
546.8* 
465.44、 
321.2* 
79.48 
784.96

625.76"
574.4bc
762.72"
518.28°
69.2 
884.04

Ejects of tree pruning treatments on dry maize grain yield (kg/lia) 
over five cropping seasons at Siaya, western Kenya.

620^ 
243.92° 
714.28* 
281.6C 
56.8 
884.04

1300.281 
596.8e 
794.6b 
131.2d 
133.S2 
638.72

595.52*
418.08b
532.64*
249.84e
84.16
1219.4

347.28" 
644.92* 
383.64b 
126.04’ 
87.6 
1219.4

Cropping seasons

G. robusta 
1311.16b 450.16b
1429.9611 
2032.28* 
1165.88， 
128.92 
1804.08
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Casuarina equsetiMia GrwOela robusta

250 250
200 200
150 150
100 100
50 50
0 0LA

250
200
150
100
50
0

-•~RDol pruningMaize cropping season

LR = long rains, SR = short rains4

LH SR LA SR LR 
1999 1999 2000 2000 2001

4 Rainfall received during the maize cropping season (2000 was much less than the other copping 
seasons and probably the reason why low yield was recorded in that year than the following year 
(2001).

LA SR LR SR LR 
1999 1999 2000 2000 2001

• ♦ Oownpruring
Root pruning 

—A—Qwm , Rm pruiingB 
—H— Cbnlral (not primed)

Figure 4.6.1: Eflect of tree pruning treatments on relative maize yield at Siaya, 
western Kenya.
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G.rat>usCaSR2000

Row-1 Row-2 Rov^3 Row-1

E. granas SR 1999 Mlbtea SR1989

RowM Row-2 Row-3 RovMRow-1 Row-2 Row-3 RwM

E. grands SR 2000 UMteSR2000

Conlral
Rows of maize from tree lines (m)

2600
2100 
1600 
1100 
600 
100

Row-1 Row-2 Row-3 Row4

2600
2100
1600
1100
600
100

2600
2100
1600
1100 
600 
100

Figure 4.6.2: The effect of increasing distance from pruned trees on maize grain 
yield during the short rains maize cropping season of 1999 and 2000 
at Siaya, western Kenya.

SED1 4024 
SED2 49.32

SED1 32 24 
SED2 40.80

SED1 11852 
SED2 12500

SED1 M2B
SED2 88.56

SED1 3500
SED2 4368

SED1 3224 
SED2 41.16

SED1 10216
SED2 107.80

SED1 = Standard error of the difference between rows in a treatment. SED2 = Standard error 
of the diflerence between pruning treatments in a given row.

G robusta SR ^999 
SED1 77.44 
SED2 MOB

Row-1 Rowf-2 Row*3 Ro^4
—♦—CTOmi pruning 
—RoolpruninB
■nfr-Qomi ■ root pruning-H-Control

2600 I2100 !
1600
1100
600
100

2600
2100
1600
1100
600 
100 --

2600 
2100 
1600 
1100 
600 
WO ~~1r 一

Row-1 Row-2 Row-3 RmM

2600 
2100 
1600 
1100 
600 
100 ~
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For all species LR 1999
3500

♦ Crown pruning
3000 —■—Root pruning

—A—Crown and root pruning2500 ・
—•—Control

2000

1000 -

500

0
Row-1 Row-2 Row-3 Row-4

Rows of molze from tree linos (m)

SED1 = Standard error of the dincrence (SED) between rows in a treatment, SED2 
Standard error of the di (Terence (SED) between treatments in a given row.

SED1 160 20
SED2 176.72

Table 4.6.7: Probability for greater F-ratio values of the efleet of root pruning and 
increasing distance of maize rows from pruned tree lines and their 
interactions on maize cobs dry weight (kg/ha) and maize grain yield 
(kg/ha) during difTerent cropping seasons at Nyabeda, western Kenya.

Figure 4.6.3: Effect of increasing distance from the line of pruned trees on the 
maize above ground biomass at Siaya, western Kenya.

Cobs dry weight

Source of variation SR-1999 SR-2000LR-2000 LR-2001

Pruning (P) 0,0001* 0.006* 0.839 0.003*

0.0001** 0.002*0.007*Rows (R) 0.252

PxR 0.679 0.835 0.999 0.993

Grain yield

Pruning (P) 0.002* 0,004* 0.632 0.005*

0.0001**Rows (R) 0.0001** 0.0001** 0.383

PxR 0.728 0.840 0.999 0.861
** = significant atp< 0.001 and * = significant atp< 0.05

a
JEB
e.MwnE
a
Q puno&O

AO
q

ra,zms



211

During the fourth cropping season of the long rain in 200 lv maize grain yield was

higher5 under the unpruned (control) trees and the other side unpruned tree plots than

the sole maize plots and the one side root pruned tree plots. However, lowest maize

grain yield was recorded in the sole maize plots when compared to all other plots

under trees, with or without root pruning. Statistically, maize grain yields under one

side root pruned trees and the sole maize were the same while the otlier side-

unpruned plot was the same as the bath sides unpruned (control) tree plots (Table

4.6.8).

Treatments

Cobs dry wei^it in kg / ha 
mA S?

743.12e 621.24*353.84s 909.6*

Grain dry weight in kg / ha

619.84c 500.84*391.32* 736.361

For each species, values in the same column followed by diflercnt letters are significantly
diflerent (P < 0.05). Lsd = Least significant difference.

682.28b
867.32*

643.72b
56.48

549^
684.2’

Long rain 
2001

476.04b
504.28b

479.61 
493.321

Short rain 
2000

501.61
52.8

678.92’ 
58

Long rain 
2000

743.88b 
652.2C

Table 4.6.8: Efleet of tree root pruning on maize grain yield during the four 
cropping seasons at Nyabeda, western Kenya.

591.921 
602.2’

One side root pruned 
The other side un­
pruned 
Both sides un-pruned 
control 
Sole maize 
Lsd

Short rain 
1999

One side root pruned 
The other side un­
pruned 
Both sides un-pruned 
control 
Sole maize 
Lsd

674.68, 
58

924.6、 
783.88°

611.323
59.08

566.52'
512b

827.56" 
52.08

1012.96*
62.76

485.72*
48.2

Cropping seasons

5 Rainfall received during the 3"1 cropping season was much less than the other copping seasons and 
probably the reason why diflerenccs between pruning treatments for grain yield were observed during 
all the other cropping seasons but not during the 3rd cropping season of2000.
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SR 1999 SR20001000 1000

rtX—X • • K- • -K—

JS

2 5 74

LR2000 LR20011000
1000

32 5 7 6 87

Rows of maize from tree lines (m)

4.7 Trends and relationships between rainfall, percent volumetric soil water

content (VSWC), sap flow, light and maize grain yield at Siaya

This section summarizes the trends and relationships that existed between the

different parameters measured at Siaya experimental plots. This includes eflects of

the amount of rainfall received on %VSWC, and the eflects of %VSWC, sapflow

and PAR on maize yield under different pruning treatments applied to different tree

species at Siaya.

8

一 r 

4

• ,1
6

6 7 8

SED1 = Standard error of the diflerencc (SED) between rows in a treatment.
SED2 = Standard error of the diilerence (SED) between treatments in a given row.

Figure 4.6.4: Effect of increasing distance from tree line subjected to root pruning 
treatments on mean maize grain yield at Nyabeda, western Kenya.
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4.7.1 Effects of Rainfall on %VSWC

The patterns of %VSWC content followed that of rainfall received in the area (Figure

4.7.1). Percent VSWC increased with an increase in rainfall received and vice versa

when the rainfall received decreased.

4.7.2 Influence of %VSWC, sap flow and PAR on maize grain yield

Generally, 67% of maize grain yield under all species and pruning treatmenls was

influenced by %VSWC while 40% was influenced by %PAR intercepted by maize

canopy.

4.7.2.1 Influence of %VSWC on maize grain yield for of all distances and depths of

soil during the I51 (long rain 1999) and 2nd (short rain 1999) maize growing

As noted earlier, the amount of rainfall received in the area influenced the %VSWC

(Figure 4.7.1). An increase in rainfall increased %VSWCt however with significant

(P<0.05) variability when soil water was monitored under the diflerent tree pruning

treatments during early stage afler tree pruning (Figure 4.7.1). This resulted in

significant variability amongst the maize grain yields produced under the different

treatment plots, where pruned plots had more %VSWC and hence higher maize grain

yield, while the un pruned control plots had lower maize grain yield production in

most cases (Figure 4.7.2).

seasons at Siaya.
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There was a strong positive (P<0.01) relationships between %VSWC and maize

grain yield (kg/ha) for C. equisetifblia (R2=0.82) and M. lutea (R2=0.66). No

significant correlation (P>0.05) between %VSWC and maize yield for other tree

species. The correlation of these two parameters was also influenced by tree pruning

treatments (Figure 4.7.3).
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4.7.2.2 Relationships between maize grain yield and sap flow of C. cquisetijblia and

G. robusta trees during the 3rd (long rain 2000) - 4lh (short rain 2000) maize

growing seasons at Siaya, western Kenya

The result of the relationship between maize grain yield and sap flow of C

equisetifblia and G. robusta (Figure 4.7.4) show that they were moderately but

negatively correlated (P < 0.05).

4.7.2.31'he relationship between PAR intercepted by maize and maize grain yield

under four boundary tree species during the lsl (long rain 1999) and 4lh (short

rain 2000) maize growing seasons at Siaya, western Kenya.

0.97). Under other study species it was not influenced by PAR (Figures 4.7.5 and

4.7.6).

Maize grain yield was positively influenced by PAR under C. equisetifblia during 

both the first (R2 = 0.84) and 4lh (R2 = 0.81) seasons of maize planting, while that 

under Eucalypts was influenced by PAR only during the first cropping season (R2 =
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C cquiscti/blia
M Beason SR 19991st season LR1S09
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.ir n 口

soil depths on maize grain yield produced the 1 and 2 maize
Figure 4.7.2: Effects of mean %VSWC of all sampled distances from tree lines and 
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cropping seasons of long rain 1999 and short rain 1999 at Siaya, 
western Kenya.
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Casuanna eqiestifolia Grevillea robusta
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Figure 4.7.4: Mean relationships between maize grain yield and sap flow of C.
equisetijblia (a) and G. robusta (b) during the 3rd (long rain 2000) &
4lh (short rain 2000) maize cropping seasons at Siaya, western Kenya.

4.7.3 The relationship between sap flow of C. equisetifblia and G. robusta trees

subjected to different pruning treatments and %VSWC and PAR at Siaya,

western Kenya

4.7.3.1 The relationship between s叩 flow of C. equisetifblia and G. robusta trees

and %VSWC during the 3rd & 4lh maize growing seasons of the long-shot­

rains of 2000 at Siaya, western Kenya
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An increase in %VSWC increased sap flow but was significantly influenced by tree's

crown pruning (Figure 4.7.7). Crown pnined trees significantly transpired less than

the unpruned (control) plots or root only pruned plots.

4th season SR 20001st season LR1999

100
250

80200

150」 60
wn tuning50 Unpruned control

Crown pruning100

Unpruned control Root50 Pruning
20

60 8010080

E. grandis
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110 1

250 100 CroiMi *rootCrown pruning
90

200 Crown pruning

70Crown* root
150 60

Root pruning100
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70 80 90 100601009080

PAR in tree plots asa% of sole maize plots

Figure 4.7.5: Mean relationships between maize grain yield and PAR under 4

Crown ■ root pruning 
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4.7.3.2 The relationship between sap flow of C. equisetifolia and G. robusta trees

and tree light interception during the 3rd & 4,h maize growing seasons of the long­

shot-rains of 2000 at Siaya, western Kenya

The amount of sap flow was positively influenced by the amount of light intercepted

by C. equisetifolia and G. robusta trees (Figure 4.7.8).

Figure 4.7.7: Relationships between %VSWC and Sap flow fbr all distance from 
the tree line and soil depths for C. equisetifolia and G. robusta
subjected to diflerent pruning treatments during the 3rd & 4lh season of 
long rain 2000 at Siaya, western Kenya.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 General

This chapter is a synthesis of the results presented in chapter 4. Section 5.2 discusses

the main findings of the farmers' survey results in Siaya while Sections 5.3 through

5.7 discusses the field experimental findings on tree-crop interactions, mainly (br

below and above ground resources, at both Siaya and Nyabeda sites. However, the

comparisons of the results of this study are limited due to lack of similar earlier

studies. This is because heavy crown and root pruning of commercially valuable big

tress in boundary planting is a new research area.

It is not possible to totally avoid competition of trees with crops for growth resources

because of temporal and spatial overlaps in their use of resources. The way out is to

focus on the interventions in which trees are puiposely managed for increased

production of both trees and crops.

Knowledge of tree management to control competition may enable farmers to

include commercially valuable tree species on their farms. Therefore, a survey was

undertaken to determine what farmers did know about tree-crop competition. The

field experiments were conducted in order to detennine how eflectively crown and

root prunings of four tree species could reduce competition between trees with crops
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for water. This was achieved by soil, tree and crop responses after tree pruning. Crop

water use was not monitored directly, but was inferred from crop growth and yield.

5.2 Farmers9 survey, farmers and polc/timbcr merchants evaluations of

boundary planting tree species at Siaya site

5.2.1 Farmers* Survey

Most of the decision makers between the age classes of 41-50 seem to live outside

the farm, probably working in towns so that they can earn additional household

income. At age of 51-60 they probably have retired from work places and settled at

their home, and therefore, this age class was frequently observed. Similar results

have been reported elsewhere (Sanchez, 1995; Swinkelcs; Mugot 1998; Tefera et aL9

2001).

Farmers in Siaya grow trees mainly for fuelwood, construction poles, limber, shade,

boundary demarcation, fruits and cash generation. Rocheleau et al. (1988), Arnold

and Nair (1991) and Dewees (1997) also reported variety of purposes for growing

trees in the developing countries.

The main types of niches for trees on-farms identified in Siaya matched with earlier

findings reported elsewhere (Von Madell, 1987; MacDicken, 1990; Wilson et al.9

1999; Tefera et aLf 2001). These were hedgerows in croplands, internal and external

farm boundaries and homesteads.
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All farmers who planted trees along agricultural fields observed adverse shading

effects and tree root interference with crops but did very little to manage the

problems as the knowledge gap in managing trees that arc grown with crops was

high in Siaya. The suppressive eflect of boundary trees on annual crops reported by

Siaya farmers has also been reported elsewhere in the tropics (Malik and Shamia,

1990; Puri and Bangarwa, 1992; Dhyani et al.9 1996; Tyndall, 1996; Wilson et aZ.,

1999).

During the survey, Siaya fanners expressed their interest in growing more trees in

the future. Most of them, however, would do so if they could get support of tree

seeds and/or seedlings for planting. Farmers also requested for support of pesticides

and advise on tree management in order to reduce competition with crops. The main

drawbacks of practicing boundary tree planting by fanners were also reported by

Hoekstra et al. (1991), Akyeamponge et al. (1999) and Wilson, et al. (1999)-

Tree crown and/or root pruning of commercially valuable trees species is not

practiced in Siaya. Indigenous trees, such as M. lutea9 are either side pruned or

completely felled to enable stump coppicing. Embu district in central Kenya was

chosen for comparison of fanners* tree pruning practices with Siaya. Because tree

branch pruning or pollarding in Embu has been a common practice for decades

(Tyndall, 1996) and, therefore, other districts in the country have a lot to learn from

the Embu types of shoot (crown) pruning practice. However, root pruning has not

been practiced by fanners in Embu or in other parts of the country.
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Farmers in Embu District practice crown pruning or pollarding of G. robusta trees

complete harvesting of trees in Embu is not a common practice, as trees arc needed

to stand on boundaries. Tyndall (1996) reported that a Chiefs permission is required

to cut trees. Therefore farmers used tree pollarding as a substitute for tree felling.

Most Embu farmers get their firewood from tree pruning rather than tree felling.

Tree pruning is more valued in Embu than in Siaya because of demands for ftrelwood

and quality timber. Thus, tree management practices such as tree pruning in Embu

are more sophisticated, in types and magnitudes, than in Siaya. In Embu, pruning is

undertaken to reduce shade, improve timber quality and obtain fuelwood. Branch

pruning is practiced to encourage the development of a straight, knot-free trunk,

while canopy pruning is practiced to enhance diameter increment.

Fanners in Siaya give little attention for timber quality. In Siaya, tree felling for

coppicing by cutting at ground level is the main form of tree pruning. On the other

hand, farmers in Embu depend on planted trees, especially on G. robusta^ for

household needs. Farmers in Siaya have relatively more access to natural forests and

most of them can obtain wood from forests. However, there is a lesson to be learned

from Embu by Siaya farmers, as the area under natural vegetation is already

diminishing in Siaya.

which are grown primarily for boundary demarcations and timber. Tree felling or
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Siaya farmers need to grow more diversified trees and learn from other districts, such

as Embu, on how to prune trees and use for household needs while the remaining

trunk on the ground can grow to a marketable size for timber and cash generation.

Siaya farmers are aware of the problem of availability of wood for household need

and the need for management practices on existing trees and the needs for planting

more trees on their farms.

5.2.2 Farmers and pole/timbcr merchants evaluations of tree species at age 48

months i.e. just before pruning

The most preferred tree species based on familiarity, growth rate and value by both

fanners and pole/timber merchants in Siaya was M. lutea9 which is an indigenous

tree species in the area. Although M. lutea perlbnned poorly in both growth and stem

form in this study it was the most preferred species in Siaya. This is may be because

it was the most available tree species in the area. Poles, timber, charcoal, fiiclwood,

furniture, ornamental and intercropping were some of the products obtained from M・

lutea.

The second most preferred species was E. grandis followed by G. robusta and C

equisetifblia. Eucalyptus Grandis was preferred for poles, fiielwood, timber and

furniture. However, farmers would intercrop this species only if they could prune

trees regularly, otherwise they would prefer to plant it as woodlots.
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The biggest variation between iarmers and pole/timber merchants, in evaluating tree

species, was price estimates (see Chapter 4.2). This iniglit be due to the fact that,

farmers are tree sellers and polc/timber merchants arc tree buyers. Thus, it is only

natural that farmers would overestimate the price of trees while the pole/timber

merchants would underestimate.

In order to get some compromises, one can average the two price estimates and/or to

get market price values for each tree species in the area. Unfortunately, no timber

market was available for the tree species that were under test and, therefore, it was

not possible to make a comparison of the market price with the prices that were

gathered from the farmers and the pole/timber merchants in this study.

5.3 Tree pruning and tree responses to crown and root prunings

5.3.1 Siaya

5.3.1.1 Biomass produced from crown pruning and time taken in tree crown and root

prunings

Crown and root pruning treatments were applied to 4 years old commercially

valuable tree species (C. equisetlfblia, E. grandis, G. robusta and M. luted} that were

grown as boundary plantings at Siaya experimental site. Crown pruning of all the

four tree species produced a large amount of woody biomass, which can be used as

fire wood and construction materials.
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The second pruning of all tree species which was done in just 5 months after the first

pruning to reduce number of sprouts (4-5 coppice branches/trcc) from the main stem

for later selection produced woody materials, which can be used fbr firewood, and

other domestic uses. Eucalyptus grandis was rc-pruncd 3-4 times/ycar (during the

first year after the first pruning) as it was having branches all over its trunk and those

pruned materials could also be used to supplement household wood needs.

The frequency of E. grandis pruning was reduced after a year and the selected 4-5

branches were left to grow. The result from the second pruning shows that trees of all

species can produce a significant amount of luclwood materials if trees were to be

pruned every year or two. Fanners who visited the experiment said that they would

prune their trees at 1-2 year intervals. Namirembe (1999) in Uganda and Mulatya

(2000) in Kenya also observed that significant amount of wood materials can be

produced from branch pruning of diflerent tree species.

Tlie tool used in crown pruning was machetes (panga), a local machete fbr cutting

grass and wood, clearing bushes and weeds. Pruning saws were not used in crown

pruning as fanners did not like them because they were not familiar with their use.

Axe and hoes were used in root pruning.

Time taken in root pruning seemed to be relatively higher, as compared to crown

pruning of any species at Siaya, and fanners may not, therefore, be willing to spend

so much time in root pinning. However, the root pruning method used at Siaya site

was probably more laborious (pruning was done in all direction to 30 cm depth) than
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the very upper soil surface and, therefore, it is possible that farmers would only

prune the major lateral roots, which would be found within the top 10-15 cm soil

depth.

Time taken in root pnming G・ robusta boundary trees in all sides at Siaya was 3

times (77 minutes/person/tree at Siaya and 24 minuets/person/tree at Nyabeda)

greater than the time taken in root pruning of the same species in one side at

Nyabeda. Most fanners plant pole trees along farm boundaries and, therefore, would

only need to prune tree roots on one side of the trees. In this way, farmers would only

prune those roots which are growing into the farm field. Fanners do not need to have

special plans for root pruning. They could do it as they prepare their land fbr planting

crops.

5.3.1.2 Tree responses to crown pruning

Tree crown pruning had no effect on survival and DBH growth of the four tree

species. This is probably because mature trees were involved in this trial (Luckhof^

1949; Adlard, 1969; Wormald, 1975; Karani, 1978). It is likely that results could

have been diflerent if young trees were pruned instead. The responses of trees to

crown pruning and their ability to coppice and maintain similar diameter growth after

reported by Namirembe (1999), where shoot pruning in the form of lopping showed

no negative effect on survival of the trees.

(bund within the top 10 - 15 cm. Most E. grandis tree species have exposed roots on

necessary, as most of the major lateral roots of ail the four species in the test were

pruning were also reported by Hocking and Islam (1998). Similar finding was
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All the four tree species in the test showed similar trends in DBH development. This

suggests that farmers can prune mature trees that are grown adjacent to crops and at

the mean time get even bigger diameter trees fbr sale as timber, while branches from

crown pruning can be used as Riclwood and construction materials.

As noted earlier, tree pruning provides woody materials which can be used fbr

meeting household wood needs. Mugo (1998) observed in Vihiga district, western

Kenya, that E. grandis branch pruning of 1800 trees at age 4.5 years yields 0.75 tons

(750 kg year'1) enough to meet annual liielwood need of a family of nine members.

5.3.1.3 Tree responses to root pruning

Trees responded very well to root pruning and no trees died due to root pruning.

When farmers first saw the tree root pruning taking place at Siaya experimental site,

they thought it was a crazy idea and expected all root pruned trees to be dead in just a

few weeks time. They were, however, taken by suiprise when they re-visited the site

5 months after tree pruning because, trees were still alive and they could not tel! the

difference between the root pruned trees and the ones which were not. To them, they

both looked the same. For all the species, tree roots started to re-emerge at around

two years after pruning.

5.3.2 Nyabeda

At Nyabeda site, G. robusta tree root pruning, in only one direction, was also a

success story, as trees survived and continued to grow in both height and diameter.
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The rate at which root pruned and both sides unpruned trees grew was the same. This

tree survival or growths because, roots located below the pruning depth probably

continued to function normally.

Tree pruning on only one side also helped in reducing time taken in root pruning.

'【"he time recorded in root pruning one G. robusta tree, in all direction at Siaya was 3

times (Table 4.2.4) more than the root pruning of the same age G. robusta tree in

only one direction at Nyabeda. This means that the time spent in root pruning one

tree in all directions could be used in pruning about 3 trees, if trees were to be pruned

on only one side.

5.4 Soil water

5.4.1 Siaya

5.4.1.1 Soil water content in the upper 30 cm soil depth during three maize cropping

seasons at Siaya

The introduction of trees into fanning systems increases water use because trees

utilize water outside the crop-rooting zone and also outside the crop-growing season

(Huda and Ong, 1989). Thus, the inclusion of trees or shrubs on cropland may

improve rainfall use efficiency either directly by using

transpiration or indirectly by improved transpiration efliciency; more dry matter

produced per unit of water used (Wallace, 1996). Trees reduce water losses and

more rain through

shows that tree root pruning to 30 cm soil depth will not have any negative effects on



233

infiltration by reducing rainfall intensity at the soil surface and

improving soil structure (Budelman, 1987; Torquebiau and Kwcsiga, 1996; Young,

1997). But they use water as well.

Although, the introduction of trees on cropland invariably increases water use, the

overall productivity will only increase if the beneficial eflects of trees compensate

for the negative cilccts of competition for water, light and. nutrients on crop yield

(C'anncll et al. 1996). Competition lor water in AF systems can occur when the root

systems of the tree and crop overlap (Van Noordwijk and Pumomoshidhi, 1995) and

when water supply is limiting. This section discusses soil water status under the

diflcrcnt tree/crop combinations and diflerent pruning treatments compared to the

unpruned trees (controls) and sole maize crop.

Tree crown and root pruning of all tree species in the test improved soil water status

in the top 30 cm soil depth during the first 2-3 seasons after the application of tree

pruning treatments (Tables, 4.3.2 & 4.3.3). The improvement in soil water status

under pruned trees could be attributed to the decrease in tree transpiration rate (due

to crown pruning) and changes in tree's soil water uptake zone (due to lateral root

pruning). During the second maize growing season of short-rain 1999, %VSWC

under E. grandis root pruned tree plots was higher than the sole maize. However,

root pruned tree plots off. grandis had more soil water content compared to only the

unpruned (control) tree plots during the third season of long rain, April-May 2000.

therefore increase the availability of soil moisture by providing shade, reducing wind 

speed, increase
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For E. grandis, soil water content with 0-30 cm soil depth under crown and crown

plus root pruned trees was the same as that under the unpruned (control) trees in the

April-May 2000 assessment (Table 4.3.4). Crown and crown plus root pruned E.

grandis trees had already regained their branches (due to branch re-growth) and

therefore, were not diflerent from the un-pruned (control) trees plots during April-

May 2000 period. This indicates that the recovery of the lateral roots after pruning

takes longer time than the coppicing of shoots.

However, during the June-July 2000 assessment, soil water content for all pruning

treatments under E. grandis tree plots were statistically the same, indicating the

recovery of lateral roots. Although tree root re-growth was not optimum, field

observation indicated that 20-50% re-growth of roots could be sufHcient in absorbing

water and nutrients from 20-30 cm soil depth at Siaya. Hocking and Islam (1998)

reported that tree root re-pruning in Bangladesh is done annually because, tree root

regrowth, even in small proportion, can be as competitive as trees that are not root

pruned at all.

5.4.1.2 Changes in soil water content with increase in soil depths

The tree species showed diflerent patterns of water depletion down the soil profile.

Generally, the highest water depletion occurred under C. equisetifolia followed by G.

robusta and E・ grandis while the least water depletion occurred under M. lutea.



235

For all the tree species and pruning treatments, early in the maize growing seasons

(April-May) of the long and short (September-October) rains the soil-stored water

was significantly depleted in the top 0-20 cm of the soil profile as compared to other

depths (Table 4.3.8). As the season progressed in the long rain 2000, water depletion

extended further to 20-40 cm soil d叩ths in all tree plots.

During the third maize growing season of the short rain 2000, water depletion

occurred within the top 0-60 cm soil depths and interestingly %VSWC for C.

equisetifblia, E. graiidis and G. robusta increased signiGcantly within 60-80 cm soil

depth and then dropped significantly within 80-100 cm soil depth. However, the

%VSWC at 80-100 cm soil d叩th did not differ from that of20-40 cm soil depth but

was significantly less than that of the 60-80 cm soil depth. An exceptional case was

noted ibr M. hitea tree plots where water depletion was concentrated within the

upper 0-40 cm soil profile only and was having similar trends as the sole maize plots

(Table 4.3.9). The logical explanation to this is that soil water from top 20-40 cm

up by trees, as zone of soil water uptake by trees had been altered from upper soil

surface to deeper soil horizons due to lateral root pruning (Zhang, 1996).

General comparison of pruning treatments shows that water, depletion for the control

un-pruned plots occurred in the top 20-80 cm soil depth in all the tree species. Water

content between 20-60 cm soil depths was high for crown and root pruned treatments

followed by crown-piuned tree plots except during the driest periods. When the soil

profile was dry, root pruned tree plots contained more water content within the top

was taken up by adjacent maize crops while soil water within 80-100 cm was taken
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20-60 cm soil depths while crown pruned treatments had less (Figures, 4.3.4.4.3.5 &

4.3.6).

pruned trees is exposed to direct sun light during the drier period and hence higher

soil surface evaporation, and vice versa for soils under root pruned tree plots. On the

contrary, the upper soil surface under root only pruned tree plots was sheltered from

the direct sun light and hence the reason tor higher %VSWC.

It is generally accepted that trees will preferably extract water from the topsoil when

soil water is distributed uniformly (ICRAF, 1994; Zhang, 1996). When trees were,

however, root pruned within the top 30 cm depth, they were forced to use water,

which was available below the crop rooting zones by using their taproots (Zhang,

1996).

It has been observed that the zone of maximum root water uptake moved

progressively Irom shallower to deeper depths as the soil dried, and the amount of

water taken up from any given layer depended on both the distribution of soil water

and rooting density Zhang (1996). It was also found that when the soil profile was

uniformly wet, water uptake mainly occuned in the surface layers, which had the

highest root density. As the soil dried, the deeper soil layers, which were wetter than

the surface layers, contributed more to total water uptake despite having lower

rooting density. Livesley (1999) found that water extraction by Grevillea robusta

trees was greater in the topsoil than in the deeper soil layers. On the other hand,

The possible explanation for this could be that, the upper soil surface under crown
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Howard et al. (1997) found that Grevillea robusta utilized water from below the crop

rooting zone (> 60 cm depth). In the semi arid part of Kenya, Odhiambo (1999),

however, reports that Grevillea robusta exclusively utilized water from deep

horizons, but there was also an overlap in water use between Grevillea robusta and

extraction, depending on the availability and accessibility of water in the soil

horizon. Similarly, the present study showed that when tree lateral roots are removed

from the upper soil surface, trees were forced to extract water through their tap roots,

from deeper soil layers.

5.4.1.3 Effect of increasing distance from tree line on soil water content

distance from the tree line was noted under E. grandis during the first season (long

rain 1999). Crown, root and crown plus root pruned £. grandis trees increased

VSWC by 25-50% (Figure 4.3.1) as compared to the un-pruned (control) tree plots in

all the distance measured while similar VSWC increase was noted under crown and

plus root pruned plots of C. equisetifblia as compared to the unprunedcrown

lutea also showed an increase in %VSWC(control) plots. Grevillea robusta and M.

with distance but no significant diflerences were noted between pruning treatments,

during all cropping seasons.

A significant increase in %VSWC on the top 30 cm soil surface with increase in

maize in the topsoil. This shows that trees are able to shift their zone of water
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The effect of distance from tree lines on water loss have been reported for Grevillea

(Livesley, 1999; Odhiambo, 1999), Populus (Zhang, 1996), Eucalyptus (Malik and

Shanna, 1990; Khybri et al., 1992; Onyewotu et al., 1995), Grewia optiva and Morus

alba (Khybri et al., 1992), Alnus, Casuarina, Maesopsiss and Markhamia (Okorio,

2000).

In general, soils close to crown and root pruned trees of ail tree species had more

%VSWC than soils close to the unpruned (control) trees and followed similar trends

for all the distances measured from tree line. This shows that crown pruned trees of

all species at all distance demanded less soil water as compared to the unpruned

(control) trees. Root pruned trees used water which was below 30 cm soil depth, due

to lateral root pruning, and therefore, soil water under root pruned trees on top 30 cm

depth at all distance from tree line was less exploited as compared to soil water under

the unpruned (control) trees at all distances measured. The increase in %VSWC

under pruned trees with increasing distance from tree line, however, shows that the

effect of trees on %VSWC is improved by tree pruning but not totally eliminated.

Soil water was still being utilized by pruned trees.

The effect of distance from tree line in relation to soil depths, as measured by

neutron probe, on %VSWC as well as its interaction with species, pruning treatments

and soil depths during the third maize cropping season short rain 2000 was not

statistically (P>0.05) diflerent. This was mainly because, soil measurement in

reference to soil depth by neutron probe was not started until the third maize

cropping seasons. By the time this measurement started, most praned branches and
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pruned roots were regrowing and, therefore, were may be as competitive as the

unpruned (control) trees.

5.4.2 Nyabeda

5.4.2.1 Soil water content during three maize cropping seasons at Nyabeda

Plots with one side root pruned boundary planted G. robusta trees at Nyabeda didn't

difier from the unpruned (control) tree plots. However, the other side unpruned tree

plots were having significantly less %VSWC than the one side pruned and the both

sides unpruned (control) tree plots during the driest months of April-May. The sole

maize was always having the highest %VSWC. The significantly less %VSWC

observed in one side unpruned tree plots was may be due to the fact that tree

respiration demand was mainly met by trees which sides were not root pruned.

5.4.2.2 Changes in soil water content with increase in soil depths

Generally, soil water content increased with increasing depth. Sole maize plots

contained more %VSWC at all assessment depths (20-200 cm) as compared to the

maize growing seasons after tree root pruning. The both sides unpiuned (control) tree

plots had significantly less %VSWC in the upper 20 cm soil depth compared to the

one

significant differences were observed for %VSWC between root pruning treatments

side root pruned and the other side unpiuned (control) tree plots but no

one side root pruned and the other side unpruned tree plots during the first three
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below 20 cm soil depth. This is mainly because of changes in the zone of waler

extractions due to tree root pruning.

5.4.2.3 Effect of increasing distance from tree line on soil water content

Soil water content increased with increasing distance from G. robusta boundary tree

lines in all the treatment plots and on all measurement occasions. The eflects of

increasing distance from Grevillea robusta and Gliricidia tree lines on water loss

have also been reported by Livesley (1999), Odhiambo et al. (1999) and Ong et al.

(1999). The both sides unpruned (control) tree plots had more %VSWC than the one

side pruned while the one side root pruned plot was significantly the least in

%VSWC from 1.5 to 4.85 m distance from tree line.

Trees at Nyabeda were only root pruned on one side but not crown pruned and,

therefore, tree tran叩iration demands in one side pruned and the other side unpruned

(control) trees were probably met by the unpruned side of superficial roots and

probably the reason for significantly less %VSWC under the pruned trees than the

root pruned on only one side.

unpruned (control) trees. This suggests the needs for crown pruning when trees are
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5.5 Sap flow

Sap flow measurements have been used in estimating transpiration rates in conditions

where soil moisture is limited (McIntyre et al・, 1996) especially where atmospheric

demand exceeds transpiration rates. Schulze et al. (1985) observed that sap flow

movement was closely related to transpiration rates and could therefore be used to

measure transpiration rates. Tlie heat pulse mctliod was recommended as most

appropriate for estimating transpiration rates of trees (Hatton et aL, 1995).

Consecutively, it was used in this study.

A short-term effect of crown and lateral root removal on sap flow of the crown and

root pruned C. equisetifblia and G. robusta trees at Siaya was studied in relation to

their un-pruned (control) trees. Similar study was also undertaken on G. robusta

boundary planned trees at Nyabeda site.

It is obvious that tree rate of transpiration is reduced due to low leaf area index

resulting fh)m crown pruning. However, we know very little as to what happens to

tree's transpiration demand when parts of water conductive tree root are removed

from a tree.
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5.5.1 Siaya

Crown pruning of C. equisetifolia and G. robusta reduced water loss through

transpiration by more than 50% while root pruning of both species increased tree

transpiration by about 25% as compared to the unpruned control trees (Figures, 4.4.1

& 4.4.2). Recent work done on sap flow from lateral tree root pruning in Uganda also

showed that roots that were located more deeply in the soil increased rates of sap

flow to satisfy transpiration demand from the atmosphere, after tree lateral roots were

cut (Ong et al., 2000).

The result of other studies (Mulatya, 2000) indicated that transpiration rate of trees is

positively influenced by radiation, temperature and tree size. Namirembe (1999) also

observed that when leaf area of Senna speclabilis was reduced by removing some of

the leaves there was drastic reduction in transpiration rate of* the trees.

The most important finding in this study is that tree root pnining in the top 30 cm did

not affect tree's transpiration demand, as the root pruned trees transpired statistically

more than the un-pruned (control) plots. Both C. equisetifolia and G. robusta showed

similar trends in their water uptake over time and both species showed that when tree

lateral roots are cut the roots which are below 30 cm soil depth will extract more

water so that both tree transpiration requirement and growth resources for the

recovery of cut roots are met at the same time (Figure 4.4.1 & 4.4.2). This shows

how the competitiveness of trees could be reduced by hydiallic shift by enhancing
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al., 1999).

5.5.2 Nyabeda

Trees of the same size of G. robusta were taken for sap flow measurement. Result

shows that trees which were root pruned on one side transpired about 50% more than

the unpruned trees (Figure 4.4.3). This shows that when trees are root pruned on only

one side the other sides, which are not root pruned, may work hard to compensate for

what is lost on the pruned side, and will take up more water. Lott et al., (1996)

reported that when tree lateral roots were removed tree transpiration demand was met

by deeper roots penetrating into fissures in the underlaying friable bedrocks.

5.6 Light interception by maize crops in boundary planted trees at Siaya

The amount of light intercepted by trees varied between trees species ?nd pruning

treatments (Table 4.5.2). Light interception by trees was reduced due to crown

pruning and increased the proportion of light reaching the maize canopy and hence

the proportion of light intercepted by maize as compared to the unpruned (control)

tree plots. This shows that crown pruning can reduce tree shading effect by boundary

planted trees.

The presence of trees significantly reduced the fiaction of light intercepted by maize.

Negative effect of tree shading on yield of adjacent crop in unpruned hedgerow

plantings were also reported elsewhere (Daniel et al., 1991; Corlett et al.t 1992b;

the availability of water to crops in the upper soil horizon (Dawson, 1996; Smith et



244

Howard et al., 1995; Miah et al., 1995; Zhang, 1996; Lott et al., 1997, Ssckabcmbe

at el., 1997; Newman et al., 1998).

Crown and a combination of crown plus root pruned trees of all the four species

reduced shading of trees on crops. Shading of trees, however, decreased with an

increase in distance from the tree lines. In general, light availability to the

understorey maize was lowest in rows that were closest to tree lines and the highest

in those further away. It, however, varied according to the tree species and the types

of tree pruning treatment applied.

Maize in tree plots which were crown pruned and crown plus root pruned had the

highest rate of light interception while the un pruned (control) and the root only

pruned tree plots had the lowest (Figures, 4.5.1, 4.5.2 & 4.5.3). The variability of

light interception by maize was observed up to 4 m from the tree lines fbr all the

species and cropping seasons. The work done by Lott et al. (2000) in semiarid Kenya

also showed that the above ground biomass and grain yield of understorey crops

four seasons, but were greatly reduced in subsequent seasons as the trees became

increasingly dominant.

At the early stage of tree pruning, no significant diflerences were observed for

fraction of PAR that was intercepted by maize between the sole maize and the crown

pruned tree plots of all the four species. During the following maize cropping

seasons the PAR that was intercepted by the sole maize plots was significantly higher

were not significantly affected by the presence of G. robusta trees during the first
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fbr the first two rows from tree lines of all the species. Tliis was mainly due to the

recoppicing of shoots and hence an increase in tree shading on the adjacent crops.

5.7 Maize growth and yield response to tree crown and root pruning

5.7.1 Siaya

There is little information in the literature on this type of AF system in which to

compare results with the present study. Maize heiglit and root collar diameter under

the crown and root pruned tree plots were higher for all the tree species in the test.

Both maize height and root collar diameter for all the treatments increased with time

but root collar diameter was lower at 8!h week assessment than the 6lh week

assessment, in a few cases (Table 4.6.2).

This may be due to the fact that the maize plants were losing moisture and were in

the process of drying up and also peeling off some of tlieir outer bark, even much

ahead of the maize tussling time. Growth parameters of maize, were no!, therefore,

considered as good indicators of maize production, due to the fact that collar

diameter was smaller in the later stages than the early stages of maize development,

and therefore monitoring maize growth was terminated after one season and the

emphasis was given to maize yield assessments in terms of cobs and grain dry

weights.
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and yields (Tables 4.6.2, 4.6.3, 4.6.5 & 4.6.6). Crop yield reductions caused by

competitive effect of the unpnined trees observed in the study are in agreement with

most previous studies, where trees have been grown in mixture with crops

(Mwihomeke, 1990; Okorio et crZ.t 1994; Akycampong et al., 1995; Namirembcv

1999; Okorio, 2000).

Crown and root pruning of all tree species increased soil water in the top 20-30 cm

soil layer and tlierefbre more water was available within the crop rooting zone where

maize plants were able to take it up (Figure, 4.7.1). Crown pruning also reduced the

shading effect on associated maize and when soil water was not a limiting factor

maize yield was increased due to the reduction of shade by crown pruning (Figure

4.7.2).

Competition fbr light has been observed to cause reduction in crop yields in various

AF systems (e.g.9 Leuceana leucocephala with maize, Kang et aL 1981; Srinivasan et

al. 1990). Shading by Leuceana leucocephala caused reduced yield of Zea mays and

Vigna sinensis growing adjacent to it (Karim et aL 1991).

The overall maize grain yield increase under all tree crown and crown plus roots

pruned trees during the first three seasons can mainly be attributed to the increase in

soil water, due to both crown and root pruning of trees and decrease in tree shade,

1 he magnitude of the efleet of tree pruning on maize growth and yield, however, 

varied between species. Results from this study have demonstrated that growing 

maize in close proximity to the unpnined trees significantly reduced maize growth
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maize yield under the unpruned (control) trees. Tliis is mainly due to the re-growth

of lateral roots into the crop rooting zones (30 cm depths). This suggests tliat root

pruned trees with regrowth of only 20-50% in the upper soil layer may take up the

same amount moisture as that of the unpruned (control) trees.

Both tree crown and root-pruning treatments at Siaya increased crop yield by 50-

80%, during the first and second seasons after pruning, as compared to the unpruned

(control) trees. In extreme instances, un-pruned trees caused complete crop failures

(Figure 4.6.1). Althougli some of the cut root ends in Siaya have regenerated, the

beneficial effects on crop yields appear to persist for at least 3 seasons (about 18

months after pruning) suggesting the need for frequent root re-pruning boundary

planted trees.

When maize biomass (cobs and stover dry weight added) was pooled for species,

maize yield under the pruned trees increased with decreasing distance from the tree

lines, while maize yield under the unpruned (control) trees increased with increasing

distance from the tree lines, during the first season of the long rain 1999 (Figure

4.6.3).

The increased maize yield close to the trees than away from the trees was probably

caused by improved soil nutrients under the pruned trees associated with litter fall

and dead roots from tree root praning. Rao et al. (1998) reported improved millet

due to crown pruning. Maize yield under all the tree species under the root pruned 

trees started to decline at the end of the 4lh cropping season and did not differ from
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yield under Parkia biglobosa trees because of enhanced soil nutrients under the trees.

Improved maize yields under Melia volkensii tree canopies were also reported

Mulatya (2000). The increase in maize biomass yield under the pruned trees as

compared to the sole maize in some cases can still be attributed to improved soil

fertility by the tree litter fall from crown pruning and dead root cuts during pruning

and also to favourable micro-climate provided by trees (Akeyeampong et aL, 1999)

or complementarity in water use by the trees and crops (Howard et al.% 1995).

Generally, maize grain yield was related to soil water (Figure 4.7.2 & 4.7.3) and the

amount of PAR reaching the maize crops and intercepted by maize canopy (Figure

4.7.5). Maize grain yield fbr all seasons, species and pruning treatments was highly

influenced by %VSWC (71%) while PAR showed less effect (47%) on maize grain

yield produced.

Increased rainfall also increased soil water and hence increased maize yields. Crown

and crown plus root pruned trees increased soil water which lead to higher maize

yield. Crown pruned trees of all the four species had more significant positive effects

on maize yield than their root pruned plots at the early stages after tree pruning.
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5.7.2 Nyabeda

The Nyabeda G. robusta root pruned tree plots in only one direction increased maize

yield significantly in the first two cropping seasons (Table 4.6.7). The significant

in which all treatment plots were statistically the same.

The lack of significant effect during this season could be attributed to the unusually

reduced amount of rainfall received. The re-emergence of cut roots back in the upper

soil surface might have also contributed to the reduction of maize yield. This was

likely due to the absorption of soil water from the top 30 cm soil depth by the newly

regrowing roots from the end of the cut roots.

During the fourth season of maize growing, maize yield in the both sides un-pruned

(control) tree plots was higher than the one side pruned and the other side unpruned

tree plots (Table 4.6.7). Tliis suggests that, when trees are subject to only root

pruning, they work veiy hard to get their cut roots back so that the tree's

transpiration demand is met from both the upper and lower soil surfaces.

Therefore, if a fanner wants to extend the positive effects of pruning on maize yield

for a longer period of time and avoid the drastic negative effects of the newly

emerging roots on maize yield, it is advisable to have both crown and root pruning

done simultaneously.

differences in maize yield, however, ceased during the third maize cropping season
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Maize grain yield increased as distance of maize rows increased from tree lines

(Figure 4.6.5). This is due to the presence of unpruned tree roots in the other side and

tree shading, as trees were not crown pruned, as it was the case in Siaya.

Okorio et al. (1994) reported the competitive eflects of different boundary planted

trees in relation of distance of maize crops from tree lines. According to his report.

crop yield reduction up to 3 to 4 m Irom the tree rows ranged from 60% (under

Maesopsis eminii) to 38% (under Markhamia luted}. Khybri et al. (1986) also

reported the extended (up to 5 m) depressing eflect of Morus alba and Grewia trees

on wheat yield. Wheat yield close to the trees were significantly lower than those

away from the trees.
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CHAPTER SIX

6.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the results of this study and subsequent discussion, the following main

conclusions and recommendations can be drawn.

6.1 Conclusions

• Farmers* survey in western Kenya revealed that trees intercropped with

agricultural crops in the area resulted in competition between trees and crops.

• Fanners will intercrop trees and crops; and will crown and root prune trees if

provided with material and technical advises from concerned agencies.

• Trees of all species in the test at Siaya and Nyabeda sites survived both heavy

crown and root pruning without any reduction in tree growths.

・ A large amount of fiielwood was produced from crown pruning at Siaya. The

pruned woody materials from crown pruning were used as liielwood.

・ Crown pruned trees of all species sprouted and coppice branches continued to

grow in both length and diameter.
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significantly higher compared to soil water under the unpruned (control)

trees.

• Soil water under all trees increased as distance from tree line increased but it

was higher under pruned trees than under unpruned trees at all distances

measured.

.

・ Tree crown pruning reduced tree water uptake resulting in an increase in soil

water while tree root pruning redirected tree water uptake zones from the

upper soil layer to that below crop root growing zones.

・ Hie fraction of incoming PAR that was incident on the under-storey maize

crop was significantly increased by crown pruning.

・ Maize crop adjacent to crown and root pruned trees grew significantly better

and produced significantly higher maize yield as compared to that growing

adjacent to the unpruned (control) trees, during the first 3 maize cropping

seasons.

. Maize yield decline at the end of the third cropping season (about 2 years

after pruning) is due to regrowing of tree branches and tree lateral roots.

• Soil water under crown and root pruned trees of all species in the test was
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6.2 Recommendations

• Different tree species have diflerent competitive ability. It would, therefore.

be useful to study the age at which competition of diflerent trees with crops

set in.

・ Effects of crown and root pruning on soil water, light and crop yield also

need to be monitored along with tree growths over time so that tree crown

and root re-pruning cycles can be determined more precisely.

• Higher transpiration rate by the root pruned trees as compared to the

unpruned trees is a new finding and need to be supported by more studies

with reference to tree species and contrasting environments.

・ Based on maize yield production, crown only pruning is recommended for M.

lutea and E. grandis trees while crown plus root pruning is recommended for

C. equisetifblia trees. Root only pruning is recommended for G. robusta trees.

・ Most fanners are interested in pruning trees that are growing along

agricultural field boundaries if provided with assistance on how to prune

them. Therefore, tree pruning technology transfer to farmers in the area

• Training fanners on safety rules and regulations of crown pruning big trees is

very essential and, therefore, need to be undertaken before fanneis begin to

implement the technology.

should start as soon as possible.
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APPENDICES
APPENDIX 1:

District.

3

2

3

5
16. What is the approximate size of your holding?.

・.・・・・Sex.

Village.

4
5 
6
No.

Enumerator's Name..
Date of this interview,

Questionnaire for a targeted survey of farmers to gather 
information on trees and tree based technologies in Siaya, 
Western Kenya

Male head  /
Female head.............. 2
Others (Specify)..........  3

12. What is the age class of the decision maker?...
20-30........ I 51-60..

 31-40........ 2 6b70..
 4h50........ 3 70+....

13. Have you ever been to school? Yes....
14. If yes, up to what level?

Adult education.................... /
Primary............................... ?

Divorced. 
Widowed.

Live
On-farm..
Off-farm..

Secondary....................
 _____, Higher (specify)............

15. what is the major occupation of the decision maker and where does hc/she 
live? .................

M.ior occugtion
Fanning..................................
Farming and cottage industries.
Schooling................................
On-farm employment.............
Off-farm employmenL.......

SECTION!.
PERSONAL DETAILS ON INTERVIEWEE
1. Farmers Name..........
2. Province  
3. Case number (Code).
4. Age
5. Marital status:

Married
Single............

6. Number of children.
7. If male headed household, how many wives.
8. Tribe............................:..................................
9. Interview conducted with

 Male head and the Wife........................... /
Female head (husband lives away)........... 2
Female head husband died...................... 3
Others (specif)...................................... 4

10. Status of interviewee
 Owner..........  / Squatter...

Tenant........... 2 Other......
||. Who is the decision maker of the farm activities?.
Key:
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Purpose Niche
Planted

Key for Niche:

13

Amiability ofplanling site..

8
9
10
II

in/e...........
Hirtd labour.

5
6
7

No. or 
trees

3. Who planted the trees?
Husband.........

 Childm..........

Fodder............................... .
Caxh generation..................

 Fniils...............................
Shade...............................
Amenity...............................

 Protection (animalsMiiev^s).

Inside homestead 
Hedgerow in cropland 
FaUowland 
Grazingland 
External border 
Internal border 

Awilabili^cfseeds^eedlings.....
Fonst service 
NGO'r 
Women's group 
Own nursery 
Neighbours 
Other sources

2 
T 7 
T

17. What is the main source of income of the household?
Source of income Wealth Group
From the farm...... / Low income...............
Off-farm..............  2 Medium income..........
Others................... J AboiT average income.

18. What is the size of the household (family size)?

SECTION 2.
1 . Existing trees on・fhrm
Hot * Common trees on farm 

(Specics/Loc&l name) 
Natural

HI: Inside homestead...................................
Hedge, Live (cnee and individual trees 

///. Hedgerow in cropland...............................
FL: FaUowland....... .......................................
GR: Grazing land...........................................
EX: External border.........................................
IB: Internal border...........................................
OT: Others...

Purpose:
Fuelwood...................

 
Poles/Timber..............
Fences.......................

 
 
 

Boundary demarcation.
Soil conservation........
Compost or mulch.......

 Windbreak..................

5 
6 

.. ........................... 7 
2. what are the opportunities fbr tree planting on your farm?.
Opportunities: 
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DISEASESPESTS

Species

OT ■ Others

12. How do you full fill your demand of wood?.

TO 
(4)

SC
(7)

BD 
(10)

4. Docs hc/shc lace any constraints in tree planting?
/ No.

FR 
(8)

OT 
(I!)

FU
(I)

TB
(5)

SH 
(6)

6
7

FU ■ Fuelwood 
PO - Poles 
FE ■ Fences 
FO^ Fodder 
TB - Timber

SH^Shade
SC . Soil conservation
FR " Fruits
WB ■ Windbreaks
BD . Boundary plantings

Collecl........................................... ..........
Buy...............................................................

 Produce...................................................
A combination of all (collect, buy and produce). 

 Others (Specif)............................................. .

WB 
(9)

8. Farmers view on tree planting
Very much interested.............................
Moderately interested............................
Interested only with external help...........
Not interested in planting trees...............

9. Farmers Knowledge ortrecs and their 
PO 
(2)

2

7b~ 
Key?

Yes............/
S・ If yes what arc the constraints?

Availability of tree seeds......
Availability of tree seedlings. 
Difficulties in raising seedlings...........................

 
Availability of water

 

Availability of nursery materials.........................
Lack of knowledge  
Stray cattle..........................................................

Termite................................................................
Availability of labour............................................Land tenure........................................................

6. What efforts have you taken to overcome lhe above conslrainis?
Obtain own seeds  
Raise own seedlings...............................................

 
Advice and help from government and NGO、........

 Control animal movement.....................................
Eiiforccment of community laws............................

 Hire labour...........................................................
Apply pesticides....................................................

7. Whm are【he pests and diseases observed afifcciing trees?
SPECIES 一~ 一
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13. Rank the following energy types in terms of their extent of use for household cooking (1 indicates

Rank Quantity/year

Species Niche

Niche: Use same code as above

20. If Yes, Which tree and crop species do you intercrop? in which Niche and Arrangement?
CroD snccies ArrarneeniemTree species

  
  
  

Niche (use above code) Arrangement: Line (I), Scattered (2), Block (3)

29. How do you express crop production in the two meters next to trees
A lot greater than in the rest of the plot................. I

5

19. Do you grow trees adjacent to crops?.
Yes / No.....

Somehow greater than in the rest tif the plot.
About the same as in the nst of the plot......
A lot Im than in the rulcftheplol...........
No adjacent crop....................................

24. If no. please explain why?
25. What is the average distance between rows?
26. What is the in-row spacing?
27. What is the approximate height of the trees?
24. After how many years did you cut your trees fbr poles?  
28. How much do trees shade the adjacent crop?

Heavy shading.............. / shading...................
Moderate shading......... 2 No shading (Ims an small).

2 
T 
7

14. Which arc the first five tree species you would prefer to grow and in which niche? 
Uses

the highest priority) 
Source 
Firewood ⑴ 
Charcoal (2) 
Paraffin (3) 
Dung (4[ 
Crop residues (5) 
Electricity (6) 
Others, specify (7)

21. If you plant trees along agricultural fields, how many rows of trees arc 
there? and what is the length of the border.
22. If you plant trees along the boundary, was there any discussion between the neighbours ?

Yes / No......... 2
23. If yes. any agreement made?  
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others?

Prune

34. Which tools do use for tree pruning?

2

Price, Kshs/(specify unit)Species
 
 
 
 

46. If You sold tree products what did you use the cash fbr? 
Not applicable.................... I

38. What is the time spent in tree pruning? (estimate per tree)
39. Why do you leave branches on the stem (not cut close to the stem)?

4

-„ - ____ 6
31 . If you prune your trees, which species do you prune? Why do you prune some species and not

31. When do you prune trees?
32. How often do you prune your trees?
33. How do you prune (how do you climb up high, especially when you prune taller trees)?

Schoolfees..........
Household needs..
Medical expenses.
Other (specif)..…

35. Who does the pruning?
36. Do women prune trees?

Yes......................./ No....................
37. Ifthe answer is no what is the reason?.

30. How is shade managed?
Not at all. won 7 need............
Not at all. not big enough yel. 
Side pruning for shade mgmt.,
Canopy control .
Pollarding............................
Others (speeijy.).....................

41. How do trees react to prunings?
42. Do you hire labour fbr pruning trees?

Yes.................... / No................................... 2
43. If yes, how much do you pay? (estimate per tree).
44. What use did you make of the prunings?

 Fuelwood.....................................
 Building polesAimber....................
 Fodder.........................................

Mulch/FertUizer............................
 Sold.............................................

To replacement as stakes...............

4
5 
6

45. if you sell prunings, what are the selling prices of the wood products?
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3

3^ PRIORITYI ST PRIORITY

SECTION 4・

b) What is your opinion about the village extension services?

c) What are the major constraints you encounter?

2. Enumerator: 

2ND 
PRIORITY

SECTION
CASH GENERATION

47. Where do you sell your tree products?
Buyers come and collect............. /
Local market near by................ 2
Near by sawmills.......................... J

48. After tree pruning and pollarding, do you observe any changes in crop yields adjacent to trees. .9
Yes.............. I No...............2

49. If yes. is the change positive or negative?
50. If negative, what do you think is the problem?

Root competition..................................................
- far nutrients
- for water
- for space

Branches left still cast shade.......................................
Trees produce toxic chemicals to crops........................

51. If you observe root competition how do you manage the problem?
Dig root trenches...................................................
Leave the area dose to tree roots open (no crops)........
Don't mind (value im products)...............................
Others specify.........................................................

52. How do you express soil fertility?
Colour...................................................................
Soil moisture content...............................................
Others (specif).......................................................

53. How docs soil fertility differ with distance from the tree?.

OPINIONS:
1. Farmer:

a) What is your general opinion about your farm? 

SOURCE 
Crops (1) 
Livestock (2) 
Trees (3) 
Fruits (4) 
Off■血rm employment (5) 
Hire out labour (6) 
Others, specify (7)



For cash generation.

How to look after trees.
How to plant seedlings.
Others (specify)...........

10. What are tlic major requests?  
Type of trees to plant...........  I
Where to get seedlings..........  2
How to prime trees.............  3
H.What arc the major tree planting needs?

For soil and water conservation. 
For inter-cropping with crops.....
For woodfuel..............................
For fcncc/hedge..........................
For poles/timbcr..........................
For windbreak and demarcation..
Par shade and amenity................
For food (fruits)..........................
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APPENDIX 2:

Age. Sex,

the extension ofTiccr?

What arc the main constraints lo tree growing in (he target area?

Informal questions assessed from extension workers in Siaya, 
western Kenya

I. General
Name  
Title
Area of responsibility. 
For how long have you worked in this area?.
Where were you trained?
What arc your main duties as

12 [Micate tree species you advice farmers to plant adjacent to crops:

Species 

observation on tree crop interaction?13. What is your 

4
5
6

2. What extension activities would you propose to increase tree planting? 

 
 
 

6. What arc the mahi sources of tree seedlings fbr the target area?
 
 

7. About how many requests do you get per week to visit farmers?.
8. How many of these arc you actually able to visit?  
9. If you can't visit all, what arc the limiting (actors?

In your assessment, what is the demand situation fbr tree seedlings? 
Low............... / High................ 3

 Average...^.... 2 Very high........  4
3. What tree species arc greatest demands?

/
2
J
4
5
6
7
O
O
9

2
 3
 4 


