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Soil productivity aspects of alley cropping under

semiarid conditions were investigated in a three-year study

at Machakos, Kenya. The objectives were to: (1) determine

if alley cropping with leguminous trees and shrubs improves
soil fertility and productivity, (2) separate the effects of
mulch per se from those of in situ presence of the hedges,

(3) assess the extent of tree-crop interaction patterns, and
(4) determine the major factors that influence farmers'
adoption of alley cropping. The study consisted of Leucaena
leucocephala and Cassia siamea alley cropped with maize (Zea
mays); the woody species were also grown in sole-stand
blocks outside the cropped field, their prunings applied as

mulch to the cropped area in equivalent land areas.

xiv



Difference in maize yield between alley-cropped plots

and the plots receiving mulch from the block plantings
showed that growing the hedges in situ had a positive effect

on maize yield. Yield advantage of alley cropping over the

separate crop and hedge planting systems, expressed as land

equivalent ratios, were 36% and 12% for cassia and leucaena,

respectively. Leucaena produced more biomass (4 t ha"1 yr"1)

than cassia (2 ha'1 yr"1) ; also leucaena had higher fine-root

density than cassia in the top soil (0-40 cm). Therefore,

leucaena was more competitive than cassia, and over the

years, maize yield declined by 12% under leucaena whereas it

increased by 8% under cassia.

For both species, maize nearer the hedgerows yielded

more than those away from them. Soil water content was also

higher near the hedgerows. Chemical and physical properties

of the top soil (0-20 cm) did not differ significantly

between treatments (with or without mulch or alley cropping)

or over time for a given treatment. The quantities of mulch

produced by the hedgerows were generally low, and they

decomposed quickly (half life of 'four weeks); these could be

the main reasons for the lack of significant changes in soil

properties.

Fanners were generally more interested in the fodder

than the mulch aspects of alley cropping. Because of the

initial high investments of inputs such as labor and

seedlings that required to establish the hedgerows, alley

cropping is more likely to be adopted by relatively

xv



resourceful farmers such as coffee growers than by poorer

farmers.
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CHAPTER 1
INTRODUCTION

In many parts of the tropics, semiarid lands that have

traditionally not been under arable farming are increasingly

being brought under rainfed agriculture. For example, in

Kenya where arid and semiarid lands comprise four-fifths of

the country's land area, arable farming has been extended to

vast areas of dry or marginal lands during recent years.

However, there are some formidable obstacles to food

production in many of these areas. In addition to rainfall

constraints, the soil's productive capacity is inherently

low in many areas. In areas where low level subsistence

farming has been followed, fertilizer use and other means of
nutrient input to soil are seldom practiced. Consequently,
low and declining yields of crops are common. For instance,

maize yields less than 1 t ha*1, even in seasons of normal
rainfall are typical of farms in semiarid areas of Machakos,

Kenya (Nadar and Faught, 1984; Mbogo, 1991).
Under traditional shifting cultivation, which has been

the predominant agricultural system in many areas of the

tropics (both humid and semiarid), long rest or fallow

periods in between short cropping periods have traditionally
been used to improve fertility of soils exhausted by

cultivation (Nye and Greenland, 1960). However, land

1
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fallowing results in satisfactory regeneration of soil

fertility only when the length of the fallow is adequately

long. The length of the fallow-period or rest-period

requirement of a soil depends on a number of factors, such

as soil type, climatic conditions and land-use practices

(Young, 1989). For example, on Alfisols in semiarid zones,

it is estimated that fallow periods of one to two years out

of every three years are required even with intermediate

levels of inputs. With the increasing population, fallow

periods have either been reduced drastically or totally
abandoned in many places. Thus, keeping the land in fallow

as a means of sustaining soil fertility is no longer a

feasible management option.

Use of fertilizers is an option considered by many to

increase soil fertility and productivity. Chemical

fertilizers are, however, seldom used by many resource-poor,

tropical, subsistence farmers under conditions as in
Machakos (Ockwell et al., 1991). Fertilizers are expensive
and/or not readily available (Mbogo, 1991). Application of

farmyard manure is another widely adopted practice which, in
fact, is suggested to be the principal source of nutrients
for crops on most farms in Machakos (Probert et al., 1990).
However, the quantity of manure available or applied is
often too low to sustain continuous crop production at

meaningful yield levels (Ikombo, 1984; Ockwell et al.,

1991) .



Thus, expansion of arable lands, extended fallows

and/or increased fertilizer use are not viable solutions to

the problem of declining soil productivity and poor crop

yields in most semiarid parts. There is a need, therefore,

for alternative low-input technologies that can intensify

and/or sustain production from existing croplands. One

technology that has been tried with some success in the
humid lowland tropics is alley cropping (also called

hedgerow intercropping). It consists of growing food crops

in alleys between planted hedgerows of multipurpose trees

and shrubs (MPTS), usually nitrogen-fixing ones. The

hedgerows are periodically cut back at the beginning of, as

well as during, cropping. This prevents shading of the

associated crop and the hedge prunings can be a source of

nutrients to the crop (Kang et al., 1990). By retaining

woody perennials in crop production fields on a continuing

basis, alley cropping simulates the role of fallow in soil

fertility regeneration in shifting cultivation. It also

involves, to some extent, the principle of intercropping of

legumes and cereals (e.g., maize and beans), which is a

traditional farming practice in Kenya as well as many other

African countries.

The most distinctive element of agroforestry

practices, and in particular, alley cropping, is the MPTS.

The notion of trees as multipurpose plants is based on their

productive attributes (for example, food, fodder, fuelwood
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and poles) and their protective or service functions in

relation, for example, to soil conservation and soil

fertility improvement. Leucaena leucocephala Lam. De Wit

(Leguminosae, Mimosoideae) and Cassia siamea Lam.

(Leguminosae, Caesalpinoideae) are two MPTS widely used in
alley cropping studies in both the humid lowlands and the
semiarid tropics (Nair, 1987; Kang et al., 1989; Singh et

al., 1989). This is probably so because both species are

legumes and it is assumed that soil fertility improvement is
among their potential benefits. (In subsequent references
to the two species, the generic neones leucaena and cassia
will be used as common names.)

Leucaena had long been used for shade and soil

improvement in tree and coffee plantations in Java,
Indonesia, as early as 1900 (Dijkman, 1950) . Properties

that make leucaena suitable for soil fertility improvement

are summarized in Young (1989). They include: high biomass

production (10-25 t ha'1 yr'1, DM), high nitrogen fixation
(100-500 kg N ha'1 yr'1), high levels of nitrogen in leaves

(2.5%-4.0%), and, thus, a high rate of nitrogen return in
litter and prunings. The main soil limitation is a

reduction in its growth on acid soils (Brewbaker, 1987).

Also, attack by the psyllid, Heteropsylla cubana, is

currently serious in some regions. Like leucaena, cassia
has the capacity to grow on poor soils and has been used in

alley cropping trials (Yamoah et al., 1986a), although the
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extent of its soil-improving potential is little known

compared to that of leucaena. There is even doubt as to

whether it is nitrogen fixing, and established opinion is

that it is not.

In the humid lowlands of Nigeria, many trials have

shown that crop yields could be improved under alley

cropping with MPTS. For instance, an eight-year alley

cropping trial conducted by Kang et al. (1990) showed that

using Leucaena leucocephala prunings only (in the range of

8-10 t ha'1 yr'1), maize yield could be maintained at a

reasonable level of 2 t ha'1, compared to 0.66 t ha'1 without

leucaena. Additions of leucaena prunings also maintained

higher soil organic matter than when no prunings were added.

Several other studies in the humid lowlands have also given

favorable results from alley cropping (e.g., Yamoah et al.,

1986a). As a result, there has been considerable interest

in alley cropping, and the technology has been tried in a

number of other places including the semiarid tropics

(SATs). However, the results of alley cropping have not

been positive in all places.

Fundamental to the concept of alley cropping is the

proposition that trees improve soils. There is evidence to

support that soil fertility and, to some extent, crop yields

in semiarid areas could be improved by the presence of trees

on farmlands e.g., Faidherbia albida (synopym: Acacia

albida) in West Africa (Bon Kongou, 1992) and Prosopis
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cineraria in India (Mann and Saxena, 1980). The various

mechanisms, demonstrated or hypothesized but not yet fully

proven, are reviewed by Sanchez (1987), Young (1989), and
Nair (1990). Some of the processes demonstrated or

hypothesized by which trees improve soil fertility include
additions of litter, N2-fixation, nutrient uptake from

subsoil and protection from erosion. While trees may

improve fertility of the soil beneath them and the yield of

crops near them, they will also compete with crops for
nutrients and moisture if their root distribution is similar

to and in the same soil zone as that of annual crops (Huxley

et al., 1977; Ewel et al., 1982; Jonsson et al., 1988). For

example, most of the fine, feeder roots of many common trees

are found within the 20 cm top soil (Comerford et al.,

1984). Besides, roots of the tree may be well established

by the time the annual crop is sown. It is this potential
for effective competition, particularly for soil resources,

that has been suggested as the reason for decreased crop

yields under alley cropping in some humid lowlands of the

tropics (Evenssen, 1989; Szott et al., 1990) and semiarid
tropics (Singh et al., 1986; Nair, 1987; Mittal and Singh,

1989).

To minimize the potential for crop yield losses under

alley cropping, there should be benefits of soil fertility
and crop performance that can only be realized if the hedges

and crops are planted together, i.e., benefits that would be
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lost if they were grown separately. These include mostly

gradual changes in soil organic matter, nutrient content and

physical properties such as bulk density, water infiltration

and porosity. The presence of the hedges in situ may,

through their root turnover and reduction of soil erosion,

sustain soil organic matter (Young, 1989). This may be of

particular importance in low-input agricultural systems

where all above-ground biomass is removed from the field.

If the contribution of the in situ presence of the

hedgerows to soil fertility relative to that of the mulch is

negligible, then planting the hedges separately from crops

and then transferring their mulch to crop fields would be a

more logical approach than growing the two together. Even

then, an understanding of the relative roles of the quantity

and quality (i.e., decomposition rates) of the mulch

produced would be relevant as this may enhance the

efficiency of its use.

In the humid tropics, mulch yields from the hedgerows

are high (in the range of 8-10 t ha"1 yr"1) . Also, the rates

of decomposition are rapid. This makes nutrients in the

mulch rapidly available, for instance, in about 30 days in

the case of leucaena (Budelman, 1988; Gichuru and Kang,

1989). So, the mulch, in essence, resembles inorganic

fertilizer that provides a readily available supply of

nutrients to the crop. Crop response when mulch is removed

is therefore observable within a growing season. In the
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SATs, unlike in the humid tropics, mulch yields from alley

cropped species are lower than in the humid tropics. For

instance, mulch yields of 2 t ha”1 yr*1 from leucaena is

typical in SATs (Nair, 1987) as opposed to 8-10 t ha”1 yr”1

in lowland humid tropics. As Huxley (1986) postulated, this

low mulch yield in SATs may limit the potential of alley

cropping to improve fertility and productivity of soils in

these regions.

Information on the yields as well as the rates of

decomposition of mulch from alley cropped MPTS (which in

turn affects the ability of the mulch to provide nutrients

to the crops and to contribute to soil organic matter) are

relatively scarce in the SATs. Also, the benefits of the in

situ presence of hedgerows to soil fertility and

productivity are not well understood in either the humid or

the semiarid tropics.

In addition to these technical questions, there is

also the issue of social acceptability of the new technology

by the target farmers. It is necessary to determine how

farmers will adapt and use the technology under conditions

unique to their systems of farming. For instance, in the

semiarid areas where prunings from hedgerows as well as crop

residues are used as fodder (Singh et al., 1986), the in

situ presence of hedgerows may be the main avenue for

improving soil fertility. Studies of this nature will

provide insights into determining the technical feasibility
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as well as the management regime of alley cropping to

improve the fertility and productivity of soils in the

semiarid tropics. These technical and social questions were

the prime motivations in undertaking this study. This study

had with four main objectives:

1. To determine if alley cropping with leguminous

MPTS substantially improves soil fertility and

productivity in the semiarid conditions of

Machakos, Kenya.

2. To determine or separate effects due to mulch per

se from those due to the in situ presence of the

hedges within the crop field.

3. To assess the patterns of tree-crop interaction

and to determine factors that may be responsible

for the observed interactions.

4. To determine factors that may significantly

influence adoption of the technology by farmers.

Plant productivity aspects of the crop and hedgerows

of leucaena and cassia are presented in Chapter 2. Chapter

3 addresses the effect of the alley cropping and mulch

quantity and quality on soil chemical, physical and

biological properties; trends over time as well as within a

cropping season are discussed. Patterns of N availability

determined by means of frequent soil sampling and/or in situ

mineralization using ion-exchange resins are also discussed

in Chapter 3.
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In Chapter 4, studies on decomposition, mineralization

and uptake patterns of leucaena and cassia mulches are

presented. Uptake patterns of N and P from the mulch was

assessed by means of monthly harvests and determination of

nutrient content of potted maize plants. Chapter 5

addresses crop yield profile at the tree-crop interface.

For this, the last three of the seven croppings seasons of

the study were used. Also presented in Chapter 5 are the

results of field and pot studies of water and nutrient

status of soil at the tree-crop interface. These studies

were conducted to explain the observed interaction between

the hedgerows and the crop. Chapter 6 presents results of a

survey of 60 farms and discusses factors that may

significantly influence adoption of alley cropping in the

semiarid tropics.

Finally, Chapter 7 provides a summary of Chapters

1-6. It highlights the major findings of the study and

suggests aspects of alley cropping in the semiarid tropics

with potential for further research.



CHAPTER 2
PRODUCTIVITY ASPECTS OF ALLEY CROPPING WITH LEUCAENA
LEUCOCEPHALA AND CASSIA SIAMEA IN SEMIARID TROPICS AT

MACHAROS, KENYA

Introduction

Alley cropping, also called hedgerow cropping, is an

agroforestry technology where annual crops are grown in the

alleys between rows of trees/shrubs that are regularly

pruned and maintained as low hedges. The prunings from the

hedgerows, when applied to the crops in the alleys, are

reported to improve or sustain crop yields. This is

suggested by many studies on cropping from the humid lowland

tropics. For instance, Kang et al. (1985) reported from

southern Nigeria that, on an Alfisol, using leucaena

prunings only, maize yield could be maintained at a

"reasonable" level of 2 t ha-1 as against 0.66 t ha*1

without leucaena prunings and fertilizer. An extensive

review by Kang et al. (1990) of other such studies from the

humid tropics showed similar results. Several other studies
also show that alley cropping can sustain soil nutrient

status and minimize organic matter decline in humid to

subhumid regions (Lai, 1989; Yamoah et al., 1986b).

Typically, alley cropping studies involve use of

leguminous trees/shrubs. This is because nitrogen

availability is commonly (though by no means exclusively) a

limiting factor in tropical agriculture. -It is also the

11
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element which more than any other is under biological

regulation in natural ecosystems (Swift and Sanchez, 1984).

Nitrogen available to crops in alley cropping may be
enhanced through processes of biological fixation of

atmospheric N (Roskoski, 1986; Dommerques, 1987) and

subsequent release through processes of nodule sloughing

(Sanginga et al., 1986) or excretion of nitrogen from the
root nodules (Brophy and Heichel, 1989; Wacquant et al.,

1989). However, the significance of the latter process

remains doubtful (Vallis, 1978).

Prunings from the hedgerows are the main source of

nutrients to the crops. This is evident from the

significant declines in crop yield that occur when the

application of mulch is withdrawn (Kang et al., 1981). The
extent of supply of N from the mulch to the crop would

depend, among other factors, on the rainfall conditions of
the site, the soil, the hedgerow species, and management

practices such as spacing and the pruning regime. In the
humid lowlands of West Africa, Kang et al. (1981) and Duguma

et al. (1988) reported a wide range of N yields of about

150-560 kg N ha'1 yr'1 for alley cropped leucaena. Similar
information from the semiarid tropics is scarce. A major

exception is the work of Lulandala and Hall (1990) in

Tanzania that noted nitrogen returns through frequent

pruning of leucaena hedges could be as high as 88 kg ha'1
yr'1.
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One of the impacts of the above-mentioned studies has

been to stimulate interest and studies on alley cropping in

the SATs. In many areas of SATs, soil fertility is low

(Steiner et al., 1988) and chemical fertilization alone

(i.e.f no irrigation) could improve yields (Ludwig, 1987).

Fertilizers are, however, expensive for many resource-poor

farmers and/or are not readily available.

In many regions, and in particular the SATs, the

prunings are more likely to be used for fodder than as mulch

(Singh et al., 1986; Ong et al., 1991). Even if the

prunings are used as mulch for the crops, the effects on

crop yields may not be significant (Singh et al., 1989).

Under these conditions, the N contribution by the hedgerows

to the soil may primarily be through below-ground processes,

particularly where N fixing species are used. Whether a

significant amount of N can accrue through these processes

and whether this N is available to the companion crop have

not been convincingly established (Ta et al., 1986; Danso et

al., 1987; Rao et al., 1987).

If growing the trees within the crop fields is not

beneficial for the crops but the trees can provide other

valuable benefits (e.g., fodder), separate planting of trees

might be preferable. This would be particularly appropriate

in the SATs where many studies report significantly reduced

crop yields under alley cropping (Singh, et al., 1986;

Mittal and Singh, 1989; Nair, 1987). Under these
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conditions, the trees could be grown separately from the

crops, and their biomass harvested for use as fodder or

mulch in a "cut and carry system."

The magnitude of the effects of in situ planting of

the hedgerows would be influenced significantly by
differences in the rooting patterns and densities of the

hedgerow species. Trees with high root densities (expressed

as cm cm*3 of soil volume) in the rooting zone of the crops

are likely to result in less positive in situ benefits to

crops than trees with low root densities. Also, for a given

species, between-row spacing of the hedges, or put in other

words, the ratio of tree:crop land occupancy, could modify

the effects of in situ planting. Because of the increased

chances of competition, hedgerows with narrow between-row

spacings would be more likely to have less positive in-situ
effects on crops than widely spaced hedgerows. Narrowly

spaced hedgerows may, on the other hand, produce higher

quantities of biomass and provide greater scope for nutrient
recycling than widely spaced hedgerows.

From the foregoing, it is apparent that an

understanding of the in situ versus mulch benefits of

growing hedgerows in crops is necessary. Additionally, it
is important to have an understanding of the rooting

densities of species involved. The objective of this study

was to separate the effects of mulch from those of in situ

planting of the hedgerows on productivity (biomass and crop
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yields) in alley cropping systems of Leucaena leucocephala

and Cassia siamea in semiarid Machakos, Kenya.

Materials and Methods

Site Description

The study was carried out under rainfed conditions at

the Field Station of the International Centre for Research

in Agroforestry (ICRAF) located at Machakos, Kenya (latitude

Io N 33' S, longitude of 37° 14' E and 1596 m elevation).

Mean annual temperature is 19° C and annual rainfall ranges

from 400-1100 mm with a mean of 750 mm. This rain falls in

two seasons in almost equal amounts. There are two rainfed

cropping seasons for the principal agricultural crops. The

first rains of the year during March-June are locally

referred to as the long-rains; the second rains of the year

during October-January are referred to as the short-rains.

Of the two, the short-rains are more reliable than the long-

rains at Machakos. The seasons and the monthly rainfall

during the study period are presented in Figure 2-1.

Generally, monthly rainfall equals or exceeds

evapotranspiration only in April, May and November.

The soil at the study site is texturally well-drained,

dark, reddish-brown sandy clay, derived from the basement

complex gneiss. According to the Kenya/FAO (Food and

Agriculture Organization of the United Nations), the soils

are Luvisols, including the ferric and eutric forms (or
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Figure 2-1. Seasonal rainfall and the local names
(long-rains and short-rains) of the cropping seasons during
the study.
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Kandic Rhodustalfs according to the United States Department

of Agriculture Soil Taxonomy). The soils of the research

station are in general weakly to moderately leached, with a

weakly acid reaction (pH [water] 6.0-6.5), a medium base

saturation (50-80%), low to moderate levels of organic

matter (top soil organic carbon: 1%-1.5%), nitrogen (N)

(0.08%) and phosphorus (P) (<16 ppm). Other nutrients are

reportedly present in adeguate levels to support crop

production (Kibe et al., 1981).

Clay and sand content in the top 15 cm averaged 28%

and 67%, respectively, in 1987. Kaolinite is the

predominant mineral in the clay fraction. The top soil had
an effective cation exchange capacity of 9.0 meq per 100 g

of soil at the initiation of the study in October 1987.

Methods

Field study

Experimental layout.—Hedgerows of Leucaena leuco-

cephala and Cassia siamea were established in October 1987.

Alley widths of the hedgerows were 4, 5 and 6.7 m. In-row

spacing of trees within the hedgerows was 0.5 m. Alley

widths used were computed based on field observations (Nair,

1987) that 3-4 year old hedgerows, spaced 4 m apart and

pruned frequently to low heights, occupied 25% of total

(aboveground) land area. Similarly, the land occupancy

ratio by the hedgerows spaced 5 and 6.7 m would be 20% and
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15%, respectively. Sole stands of leucaena and cassia

occupying 15%, 20% and 25% of crop land were also
established for comparison to the hedgerow intercropped

plots. In-row spacing of the trees within the block/sole
stands of hedgerows was 1.0 m by 1.0 m. Control plots

included in the experiment were (a) maize crop which

received mulch only in amounts equivalent to what was

produced by the hedgerow intercropped plots and, (b) maize

crop which received no mulch but fertilizer only at the

rates of 40 kg and 17 kg of N and P ha*1 season'1.
The experimental design was split-plot, replicated

three times. Main plot treatments, randomized within the

blocks, were the hedgerow species (i.e., leucaena or

cassia). Subplot treatments were the factorial combination
of the three ratios of crop to tree land occupancy and the

control plots with mulch-only. The fertilizer-only control

plot was included in each main plot (i.e., 2 replications

per block). This gave 6 replications for the fertilizer-

only control. Main plot size was 20 x 50 m, with two meter

borders separating sub-plots of 5 x 20 m. Between blocks, a

4-meter wide path was provided. Sole stands of leucaena and

cassia hedges which provided mulch for the mulch-only

control plots were also included in each block.
' Initially, a control plot with no inputs was

inadvertently left out. The control plot of an adjacent

experiment, established about the same time as this study
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was used instead. Nevertheless, since this control plot was

outside the setting of the present study, it was not

included in the statistical analyses. Rather, it was used

only for relative comparisons.
Root studies.—Root studies were initiated in the last

cropping season of the study with the objective of
identifying the cause of differences in the effects of the
two hedgerows species on maize yield. These studies were
conducted on hedgerows outside the main experiment

consisting of two blocks of cassia and leucaena hedgerows,
6 m wide, established in 1983. Until 1988, maize and beans
were sown in rotation in the alleys between the hedgerows in
these plots. The maize crop was fertilized with N and P at
the rate of 40 and 18 kg ha'1 season'1; the beans were not.

In addition, prunings from the hedgerows were applied to the
cropped alleys. In 1988, fertilizer application was stopped
and maize was sown in both seasons.

For each species, blocks of soil 20 x 20 x 20 cm were

removed from six transects 3 meters long from the base of
the hedgerows during the 1992 short-rains cropping season.
The soil blocks were taken from 0-20 and 20-40 cm soil

depths. The samples were brought back to washing sheds in
plastic bags. The soil blocks were then washed with a spray
of water aided by hand manipulation to separate medium-sized
and fine roots from the soil in sieves with mesh sizes of 5

mm and 0.5 mm, respectively. Roots less than 2 mm in
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diameter were classified as fine roots, those of 2-5 mm as

medium-sized or small roots (Bohm, . 1979).

The fine roots of leucaena and cassia were

distinguishable easily from maize roots based on color and
texture. Maize had whitish and succulent roots, cassia had

black roots, and leucaena had fine, cream-colored roots,

which were strong relative to cassia. The majority of the
fine roots of the two species (which were planted

separately) and the maize roots were sorted in the same way.
Some were hard to differentiate and were separated under a

magnifier. Dead roots with brittle steel and degenerated
epidermal and cortical tissues were not included.

Root length was determined by the line-intercept
method of Tenant (1975) using a tray with grid units of 1.3
cm (half-inch). With these grid units, the total number of
intercepts equals the total length of root in centimeters.

Crop and tree management.—The hedgerows occupied 15%,

20% and 25% of the gross land area. The remainder of the
land, viz, 85%, 80% and 75%, was sown to maize at

approximately 37,000 plants ha-1 with a spacing of 90 cm
between rows and 30 cm within rows. Katumani Composite, a

drought-tolerant maize variety was used. The crops and
trees were only rain-fed.

Fertilizer was applied at the rate of 40, 18 and 0 kg

ha'1 season'1 of N, P and K, respectively, to maize in the

fertilizer-only control, alley cropped maize and maize next
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to the block/sole planted hedgerows. The mulch-only plots
received no fertilizer.

The hedgerows were pruned 2-3 times in a cropping
season (depending on the rainfall conditions of the season)
to 50 cm height aboveground. First pruning was done in
November 1988, this being the first of the seven cropping
seasons with the treatments applied. At each pruning of the

hedgerows, which typically took place 1-2 weeks before the
onset of rains, the biomass harvested (hereafter referred to

as mulch) was determined. It was then chopped into small
pieces, samples taken for dry matter determination and the
rest spread on the field. Typically, mulch harvested before
the onset of rains was incorporated into the soil during

field preparation and planting of the crops. However, mulch
from later pruning during the life of the crop was either
partially incorporated (in the process of weeding the crops)
or generally left on the soil surface. In all crops, the
plots were hand tilled and weeded.

At each harvest of maize, which took place

approximately 120 days after sowing, the yields of the
grain, cobs and stalks were determined. Samples of each
component were oven-dried at 105°C for 48 hours and dry
weight determined. Maize stalks and cobs were not returned
to the plots, in line with the farmers' practice in the

study region where maize stalks are a valuable livestock
feed-.
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In cropping seasons 1-4, yields of all maize rows in a

plot were composited at harvest. However, in seasons 5, 6

and 7, maize yields of each row in a plot was separately

harvested and recorded. Also, in the last three cropping

seasons, sub-samples of the grain, cobs and stover of some

selected treatments, as explained later, were analyzed for

nitrogen and phosphorus concentrations. Nitrogen was

determined by the standard micro-kjeldahl method and P by UV

visible spectrophotometry. In all seasons, two rows of

maize on all four sides of the plot were left as guard rows.

Pot Study

A pot study was initiated in January 1992 to determine
the amounts of mulch that would produce significant effects

on maize yields under a given rainfall condition. The
treatments included a factorial combination of 4 rates of

leucaena and cassia mulch and 2 levels of irrigation. The

four mulch rates were applications equivalent to 0, 2, 4 and

8 t ha*1 season*1, dry matter. The two irrigation levels

were the equivalents of 200 and 400 mm received in the last
two cropping seasons of the study. The pots were arranged
in a randomized block design with 3 replications in a

transparent polythene-roof house. In each block, pots with
one level of fertilizer at a rate equivalent to 40 N and 17

P kg ha'1 season*1 were also included.
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Soil put into the pots (approximately 20 kg) was

collected from three randomly selected positions near (0.45

m) and away (3.5 m) from the alley cropped plot of the 6.7 m

wide hedgerows. The amounts of irrigation water applied to

the pots were based on the difference between soil water

storage at field capacity (15%) and wilting point (7.8%)

determined at the initiation of the study. The plots were

irrigated twice weekly.

Three seeds of maize were sown in each pot. Three

days after germination, the seedlings were thinned to one

per pot. Total plant harvest (i.e., shoot plus roots) was

done after four weeks. After oven drying at 65°C for 48

hours, dry mass was determined. On the same day as the

harvest, the pots were resown for another four weeks. This

repeated sowing and harvesting from the pots was performed

for a total period of 16 weeks.

Yield Computation—Crop and Hedge
Biomass from Field Study

Biomass and maize yields of the hedgerow planting

systems (expressed in t ha’1, dry weight) were computed to

include area occupied by both the hedgerows and the crop.

Hence, the yields are expressed on gross as opposed to net

area basis or area occupied by crop only. In situ effects

of the hedgerows were calculated as the difference in mulch

and crop yields of the systems where hedgerows were
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intercropped and where they were planted in sole/block

stands outside the crop area.

To estimate in situ effects of the intercropped

hedges, the block-planted hedgerows should not affect the

adjacent crop. In an on-farm situation, the block-planted

trees could be on land not fit for cropping that is at some

distance from the crop land. In on-station situations,

distant planting may not be feasible, especially under

conditions where treatments are randomly located in small

plots. Two approaches, polythene sheets vertically inserted

into the soil to 50 cm depths (Ong et al., 1991) and

trenching (Verinumbe and Okali, 1985) have been used to

minimize effects of adjacent rows or blocks of trees on

crops. The effectiveness of these approaches depends on the

depths of insertion of the polythene sheets into the soil or

of trenching. Tree roots can go deep below the polythene

sheet or the trench and resurface (Corlett, 1989; Ong et

al., 1992).

In the present study, row-by-row harvest of the crop

of the widest alley (6.7 m) was used to determine the

distance of influence of the block-planted hedgerows on the

yield of the adjacent crop. A graphical plot of the yield

of the rows against the distance of the rows from the

hedgerows was then made. From this plot, the rows of maize

influenced by the block-planted hedges were determined and

discarded. The yields of the remaining rows were used to
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calculate the per hectare yield of maize planted next to the

block planting system of hedges outside the crops.

In the section on results below, only yields of the

second season to the sixth season crops are discussed. The

yield of the first season was excluded because the hedgerows

were pruned only once (since they were not yet well-

established). In the other seasons the hedgerows were

pruned 2-3 times. Also, the crop yield of the first season

crop was at least twice as much as the yield of the other

seasons, ascribed more to the initial site conditions than

to the effects of treatments. Detailed presentation and

discussion of the biomass and crop yields are limited to the

6.7 m wide alley in the block planting system. This spacing

of the alleys and ratio of tree:crop land occupancy offers

the most land for cropping. This is of practical

significance to farmers.

Trends in Maize Yield over Time

Trends in maize yield over time were analyzed by

expressing the yield of each treatment in a season as a

percent of the average yield of all treatments of the second
F C:

crop. The patterns of maize yield over time were also
(

examined by expressing the yields of the two maize planting

systems as a percent of the yields of the fertilizer-only

control treatment.
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The productivity of alley cropping compared to the

sole planting system of the hedgerows and the crop was

assessed by calculating land equivalent ratios (Willey,

1979) based on grain and total biomass yield of grain, stalk

and the hedgerows. The block planting and alley cropping

systems with the same ratio of land apportioned to tree and

crop (15:85) was used.

Nutrient Budget of Nitrogen and Phosphorus

A simple budget for N and P was computed for selected

treatments during the last three cropping seasons of the

study. It was only in these seasons that nutrient content
of the crop was regularly determined. The N budget was

calculated by considering N applied through the mulch or as

fertilizer, N removed in crop (grain, cob and stover), and N

still on the plot in mulch not decomposed. The P budget was

similarly calculated except that P remaining in mulch not

decomposed was not computed because sufficient amounts of
mulch did not remain for determination of both N and P.

Nitrogen and P removed from the plots were calculated

by summing the N and P removed by the crop (i.e., grain,
cobs and stover) for the last three seasons of the study.

Since N and P data for the crop were available for only

three out of the seven crops, regression equations relating

N and P removed in crops 5-7 to yields in these seasons were

determined. These equations were then used to calculate N
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and P removed in crops of seasons 2-4. The regression

equations were obtained first by multiplying the N and P

concentrations of the crop (grain, cobs, stover) by their

respective yields to obtain N and P yields of the crop. The

N and P values were then regressed against the crop yields

which resulted in the following equations:

N(kg) grain yield = 0.015 * grain yield - 0.0006; r2=0.98

N(kg) cob yield = 0.0028 * cob yield + 0.0002; r2=0.95

N(kg) stover yield = 0.0056 * stover yield + 0.0008; r2*=0.91

Similarly, regression equations for P yield in grain, stover

and cob yields are as follows:

P(kg) grain yield = 0.0018 * grain yield + 0.0002; r2=0.93

P(kg) stover yield ** 0.0021 * stover yield -0.001; r2=0.92

P(kg) cob yield = 0.0005 * cob yield - 0.00002; r2=0.96

Nitrogen remaining in mulch not decomposed was calculated

using the N concentration of the soil-incorporated mulch at

the end of the study in March 1992. Typically, N remaining

in mulch is calculated using the decomposition constant of

the mulch (Palm, 1988). However, where the pattern of

decomposition of the mulch has more than one phase as was

the case in the present study (Chapter 4), use of one

decomposition constant for both phases may not be

appropriate. Nitrogen remaining was calculated for each

season's mulch input into the soil and then summed over all

the seasons.
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Apparent nitrogen utilization efficiencies were

calculated for crops seasons 2-6 and includes grain, cobs

and stover. The efficiencies were calculated by determining

the nitrogen yield of the treatments where mulch was applied
to the crop (dry matter x nitrogen concentration) less

nitrogen yield of the no fertilizer control treatment and

expressing this as a percentage of the amount of nitrogen
via the mulch or the fertilizer. This method has also been

used by others to estimate utilization efficiency of mulch N

by crops (Kang et al., 1981; Yamoah et al., 1986b; Palm,

1988).

Statistical Analyses

The effects of the two species and systems of hedge

planting on crop and biomass yields were determined using
the General Linear Models (GLM) procedure in the Statistical

Analysis System (SAS, 1992). Because of the unbalanced

design caused by the fertilizer-only treatment (which was

applied at only one level as opposed to other treatments

which were applied at three levels.), the analysis was

performed in two stages. First, the fertilizer-only
treatment was omitted and the analysis of split-plot design

was performed. Second, depending on what factors were

significant in the split-plot analysis of variance (ANOVA)

test, comparisons with controls were performed in a

subsequent ANOVA that included all treatments. In both
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analyses, differences between means of treatments were

determined by pairwise contrasts of the Least Squares Means

(LSM). A statistically significant difference was declared

to exist between means of any pair of treatments when the p-

value was less than or equal to 0.05.

Yield response of the systems over seasons was also

analyzed with the GLM/SAS procedure. The option for

repeated measures ANOVA was included in the GLM procedure to

account for the systematic effects of harvests from the same

plots over time. The difference in mean yield of treatments

between seasons was determined by pairwise contrasts of the

LSM.

The GLM/SAS procedure was also used to analyze the

root density data. The option for repeated measures

analysis was included to account for the effects of "fixed"

distances of root observations from the hedgerows. The

significance of differences between means of root densities

at various distances from the stumps of the hedgerows was

determined by pairwise contrasts of the least squares means.

In the pot studies also, the GLM/SAS procedure was

used to analyze the data. As in the field study, the option

for repeated measures was included in the ANOVA to account

for the effects of repeated harvests from the same pots. In

addition, orthogonal polynomial contrasts for linear,

quadratic and cubic effects were included in the GLM

procedure to test significance of the relationships between
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irrigation levels, mulch species and mulch rates. Pairwise

comparison of LSM was used to test the significance of

differences between treatment means. Dunnet's test, which

controls the Type 1 experiment error for comparisons of all

treatments against a control, was used to determine

significance of differences between the mulch rates and the

control pots that had only one level of fertilizer

application.

Results

Field Study

Mulch yield

Leucaena, intercropped in hedgerows, produced

significantly higher mulch (+25%) than when the species was

planted in sole/block stands (Table 2-1). For cassia,
however, the +14% observed difference was not significant.

Mean mulch yield of leucaena, whether it was

intercropped or planted in sole/block stands, was

significantly higher (+46%) than that of cassia (Table 2-1).
Between the three hedgerow spacings of the intercropped

system, mulch yield of the 4 m hedgerows was significantly

(p = 0.04) higher (on average, 21%) than that of the other
two hedgerow spacings. The mulch yields of 5 and 6.7

m-wide hedgerows were not significantly different

(p = 0.23).

I
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Table 2-1. Mulch yield of Leucaena leucocephala and Cassia
siamea intercropped hedgerows or planted in sole
stands outside the cropped area.

Hedgerow
Species

t ha-1
Alley
Cropping

yr1
Block
Planting* Mean

Leucaena 4.4“ 3.3b 3.9s

Cassia 2.2a 1.9* 2. lb

Mean 3.3 2.6 3.0

♦Block planting in an area equal to that estimated to be
occupied by the hedgerows in an alley cropping system.

*-bFor a given species, means followed by the same letter are
not significantly different (p = 0.05).
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In the first year, there was no significant difference

between mulch yields from the two species, but after the

second year, leucaena yields were significantly higher than

those of cassia (Fig. 2-2). Also, a significant difference

was observed in the response of the two species to rainfall.

While changes in rainfall had a significant effect on

the mulch yield of leucaena, no effects were observed for

cassia. Mulch yield of leucaena peaked in 1990 when the

annual rainfall was highest (964 mm) during the study

period. In 1991 when rainfall dropped to only 22% of the

1990 total (Fig. 2-1), mulch yield of leucaena dropped by

half. For cassia, there was no significant response (Fig.

2-2). Cassia mulch yield tended to decline over time,

although the differences in yield between years were not

significant. Although the effect of rainfall on mulch yield
was more pronounced than the effect of age of the hedgerows,

given the same rainfall, mulch yield of leucaena did
increase with age. For instance, with similar seasonal

rainfalls total of 330 mm, mulch yields of leucaena

hedgerows were 40% more in the fifth season than in the

second season. Similar trends of increase in cassia mulch

with age were not detectable.

Where hedgerows were planted as sole stands/blocks

outside the crop fields, differences in mulch yields per

hectare among the three tree:crop ratios were not



Mulchyield(tha_1)

33

3.5

3.0

2.5

a

1989 1990

Year

Leucaena
Intercropping
Leucaena
Sole

Cassia
Intercropping
Cassia
Sole

Figure 2-2. Mulch yield of Leucaena leucocephala and
Cassia siamea in alley cropping and block/sole planting
systems.
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significant. However, leucaena always yielded significantly
more mulch than cassia.

A count of all plants in the three replicates in the

last season of cropping showed that cassia had a higher

percentage of dead plants than leucaena (using the number of

seedlings planted in 1987 as a base). In cassia, up to 5%

(± 7% standard error) of the intercropped hedges and 11.6%

(± 15% standard error) of the block planted plants were

dead. In contrast, no plants were recorded as dead in

either leucaena systems. Cassia's mortality was largely

attributed to a commonly observed stem borer, Xylentes

capensis (Cassidae) and a wood boring beetle, Xyloposus sp.

(Bostrychidae).

Nutrient concentrations and contents of the mulches

In addition to a supply of N and P, the mulch provided

substantial quantities of other nutrients to the soil (Table

2-2). While concentrations of the other nutrients remained

stable over time in both species, the concentration of P

increased considerably. For instance, the levels of P in

cassia mulch increased 25% from 1987 to 1991 (compare 0.20

to 0.25%).

Crop yields

The combined analyses of the data over seasons

indicated that there were significant interactions between
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Table 2-2. Concentration and amounts of nutrients in Leucaena
leucocephala and Cassia siamea mulch from alley
cropped hedgerows.

Species

Nutrient concentration (%) and amounts (kg
ha'1 yr'1, in parenthesis)

N P K Ca Mg S

Leucaena 3.5“ 0.2“ 1.9“ 0.7“ 0.3* 0.1“

(136.0) (7.5) (71.7) (26.4) (11-3) (3.8)

Cassia 2.9“ 0.3“ 1.8“ 0.7“ 0.2“ 0.1“

(54.7) (5.7) (33.7) (13.2) (3.8) (1.9)

“Within a column, values of nutrient concentration with
different letters are significantly different (p = 0.05).
The amounts of all nutrients in leucaena mulch were

significantly higher than those in cassia (p = 0.05).



seasons, systems, and hedgerow species on crop yield.

Therefore, ANOVA by season was necessary in order to

understand the true main effects of species and systems.

The ANOVA by season showed that in four out of the six

(i.e., seasons 2, 4, 5, and 6), alley cropped maize yielded

higher with cassia than with leucaena (Table 2-3). A

significant difference between the yield of leucaena alley

cropped maize and that next to the block planted system of

leucaena was observed in only two out of the six seasons

(the third and the fourth). For cassia, the difference was

also significant in two out of the six seasons (the second

and the third). The difference in maize yield under the two

systems represents the in situ effects of the hedgerows on

crop yield. Averaged over the seasons, the in situ effects

of cassia on maize yields were 22% while those of leucaena

were 9%.

Except in the second season, differences between the

effects of the three hedgerow spacings (i.e., 4, 5, and 6.7

m) on maize yield were not significantly different (Fig.

2-3). In the second season, maize yields under the 6.7 m

hedgerows were significantly higher than those of the other

two spacings. In the block planting systems, significant

differences in maize yields were observed in seasons 2 and 4

only and 4 only (Fig. 2-4).

A comparison of the mean yields of all the treatments

(Table 2-3, last column) shows that the fertilized maize
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Figure 2-3. Effect of three hedgerow spacings on
maize grain yield, averaged over yields under the two
species, Leucaena leucocephala and Cassia siamea. Vertical
bars indicate standard error of difference of means.
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Figure 2-4. Effect of sole stands of Leucaena
leucocephala and Cassia siamea planted at three land
occupancy on maize yield during six seasons. Vertical bars
indicate standard error of difference of means.



Table 2-3. Effect of alley cropping and block planting systems of maize grain yield
during six cropping seasons. Rainfall for each season is included in the last
row.

System

Maize yield (t ha _1) for each season

Mean2 3 4 5 6 7

Alley cropping (leucaena) 2.5a,b 3.0a,b 2.3a'b 2.3a,b 0.6a,b,c 2.3“ 2.2a,b

Alley cropping (cassia) 2.4a'b 3.9d 2.4a,b 3.4a 1.4a 2.8C 2.7C

Block planting (leucaena) 2.5a 2.7b,c 2.0C 2.6b 0.5C 1.7b 2.0a

Block planting (cassia) 2.3a,b 2.9b,c 2.0C 2.9a,b 0.9a'b'° 1.5b 2. la'b

Control (leucaena mulch) 2.0a,b 2.6b,c 2.2a,b'c 1.6d 0.8a,b'c 1.7b 1.8b

Control (cassia mulch) 1.9a,b 2.3C 2. i-.b,c 2. lc,d 0.7a'b,c 1.8b 1.8a

Control (fertilizer) 1.6b 3. la-b 2.9a,b 3. la'b 1.3a,b 2.7# 2.5C

Control (absolute)* 2.0 2.9 1.8 2.1 1.1 2.4 2.1

Mean 2.1 2.8 2.1 2.4 0.9 2.0 2.1

Rainfall (mm) 330 441 631 333 214 373 336

a'b'c'dwithin a season, values followed by different letters are significantly different
(p = 0.05).

to
♦From an adjacent experiment.



40

(control) yielded significantly higher than all the other

treatments except the cassia alley cropping system. Lack of

major differences between maize yields of the various

treatments across the seasons of the study is evident from

Table 2-3. In general, maize yield was positively related

to the rainfall patterns. However, in the third season, in

spite of the relatively high rainfall (631 mm), the average

of all treatments was only 2.2 t ha'1 which was similar to

the yield obtained in some other seasons with lower rainfall

(e.g., seasons 1 and 6 with rainfall of 330 mm and 373 mm,

respectively). The low yield with 631 mm rainfall could be
ascribed to excessive soil loss and runoff that also caused

physical damage to the crop; about half the rainfall was

estimated to have been lost in the runoff (data not

presented).

Maintenance of maize yield over time

Trends of maize yield over time were analyzed by

expressing the yield of each treatment in a season as a

percent of the average yield of all treatments of the second

crop (Table 2-4). The yield of all treatments generally
remained stable over seasons, including that of the control

with no inputs. Yield increased or declined mainly in

direct response to the season's rainfall, with a linear

relationship between rainfall and yield (Fig. 2-5). This
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Table 2-4. Effect of alley cropping block planting systems on
relative grain yield of maize.

System/Treatment Season

2 3 4 5 6 7 Mean

Aliev cropping
Leucaena 100 124 95 95 25 90 88

Cassia 95 157 95 138 57 114 109

Block planting
Leucaena 119 129 95 124 24 81 95

Cassia 110 138 95 138 43 71 99

Mulch-only
Leucaena 96 124 105 76 38 81 87

Cassia 90 110 100 100 33 86 87

Fertilizer-only 76 148 138 149 62 129 117

Absolute control 96 138 86 100 52 114 98

Mean 98 134 101 115 42 96 98

NOTE: Relative yield was calculated as a ratio of actual to
average yield of all treatments in the second season,
expressed as percent.



Maizegrainyield(tha

42

Figure 2-5. Relationship between rainfall and maize
mean yield of all treatments in each of the six cropping
seasons. Numbers on the regression line refer to the
cropping seasons.
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suggests that at this site, soil moisture was more limiting
than differences between treatments.

The patterns of maize yield over time were also

examined by expressing the yields of the two maize planting

systems as a percent of the yields of the fertilizer-only
control treatment (Fig. 2-6). Averaged over seasons, maize

yield declined by 12% per season under leucaena alley

cropping, with the largest decline in the third year (season

6). In contrast, maize yield under cassia alley cropping

increased by 8% per season. In the second year (season 6),

when yield under leucaena declined by 45% compared to the

control, yield under cassia was 27% higher than the control.

The increase in maize yield under cassia, in spite of the

hedgerows occupying land, suggested that productivity of

maize (kg m~2) under cassia alley cropping was higher per

unit net (cropped) area than of the sole crop (Fig. 2-7).

Most of the reduction in maize yield and in productivity

under leucaena, compared to the yield of the sole crop,

occurred in the last three seasons of the study. The

patterns of productivity per unit of land or rainfall were

similar. On average, mean maize productivity per unit of

rainfall under cassia alley cropping was +9% while that

under leucaena was -15% (Fig. 2-8). The increased maize

productivity under cassia alley cropping offsets the 15%

loss in maize yield when hedgerows occupied 15% of the

croppable land.



Maizeyieldas%ofsolecrop

44

140

120

100

80

60

40

Leucaena Cassia Leucaena Cassia

(intercropped) (intercropped) (sole) (sole)
&— • • • • • ‘ MifM $

IT1

1989 1990

Year

1991

Figure 2-6. Maize grain yield under alley cropping
and block planting systems of Leucaena leucocephala and
Cassia siamea expressed as percent of the sole maize control
yield.
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Figure 2-7. Maize productivity (kg m'2) under alley
cropping Leucaena leucocephala and Cassia siantea hedgerows
for six seasons. Vertical bars indicate standard error of
difference of means.
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Figure 2-8. Productivity of maize (kg nun'1 of
rainfall) under alley cropping of Leucaena leucocephala and
Cassia siamea hedgerows for six cropping seasons. Vertical
bars indicate standard error of difference of means.
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Land equivalent ratios (LER)

Alley cropping leucaena and cassia had LER greater

than 1.0 of maize grain yield or the combined yield of the

crop and hedgerow biomass. Averaged across species and

seasons, LER of maize grain yield under alley cropping was

1.24 (or 24% advantage over the maize grain of the sole

planting system of the hedges and crop). No particular

trend in LER of maize yield across seasons was discernible

under both species (Table 2-5). Between the two species,

LER of maize grain yield under cassia (1.36) was

significantly higher than under leucaena (1.12). This

difference was due to the lower crop yield under leucaena

compared to cassia.

When averaged across species, the combined biomass of

the hedgerows and the crop yield (grain plus stalks) had LER

of 1.10 (i.e., an advantage of 10% by alley cropping over

the sole system). The LER of maize grain yield under alley

cropping was greater than 1.0 because of lower yield of

maize yield under the sole system compared to alley cropping
in nearly all seasons. The biomass yield of the hedges

under alley cropping and sole planting systems were similar

when the highest yielding sole planting system was used in

LER computation.
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Table 2-5. Land equivalent ratios (LER) of alley cropping
Leucaena leucocephala and Cassia siamea compared with
the block planting system with same ratios of tree and
crop land occupancy.

Year and Seasons Within a Year

Species

1989 1990 1991

Mean1 2 1 2 1 2

Leucaena 1.0* 1.09 1.15 0.87 1.23 1.35 1.12

(1.10) (0.97) (1.15) (1.02) (1.29) (1.26) (1.13)

Cassia 1.04 1.33 1.21 1.17 1.56 1.87 1.36

(0.99) (1.24) (1.00) (0.96) (1.10) (1.15) (1.07)

LER = (Biomass yield of the tree species in alley cropping plus
yield of crop in alley cropping) divided by (biomass yield of the
tree species in sole system plus yield of crop in sole system) .
In both the alley cropping and sole planting systems, the percent
of land occupied by the hedges and the crop was 15 and 85,
respectively. In the sole planting system, the biomass yield of
the hedgerows in the 25:75 tree:crop percent land occupancy ratio
was used because this was the most appropriate (i.e., highest
yielding) sole planting system.

*LER of maize grain yield only. Number in bracket is the total
LER, i.e., the grain and the stalk yield of the maize and the tree
biomass which was used as mulch.
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Nutrient budgets

Nitrogen.—Generally, leucaena had significantly

higher mulch yield (Table 2-1) and N concentration (Table

2-2) than cassia. As a consequence, the N yield of leucaena

was significantly higher (136 kg N ha-1 yr*1) than that of

cassia (59 kg N ha*1 yr*1).

Nitrogen uptake was high and essentially of similar

pattern in all treatments, including the absolute control

(Table 2-6). It was only the fertilizer-control and the

alley cropping system of cassia that had N-yields

considerably higher than the rest of the treatments. This

is because of the relatively high maize yields of these two

treatments (i.e., the fertilizer-only control and the

hedgerow intercropped plots of cassia).

Apparent recovery/utilization efficiency of N applied

through the mulch or fertilizer was low in all treatments

(Table 2-6, columns 7 and 8). The N-recovery values were

low primarily because maize and N-yield of the absolute

control were almost equal to those of the other treatments

with inputs. This suggests that the N needs of the crop

were adequately met by native soil N. Averaged across

treatments, an apparent N-recovery of 9% summed over the N

recoveries through the grain, stover and cobs was observed.

Most of the N (67%) was recovered in the grain component of

the crop and the rest (33%) in the stover and cobs.



Table 2-6. Nitrogen budgets, utilization efficiencies and yield of maize grown in alley
cropping of Leucaena leucocephala and Cassia siamea, at a hedgerow spacing of 6.7
m for 6 seasons.

N from
mulch
and/or
fertil¬
izer

N removed during 6
kg ha*1

seasons

N-utilization
efficiencyb
m

N-remaining
in mulch

Unac¬

count¬
ed for

N

Maize
yield
(t/ha/
sea-

Treatment (kg) Grain Cob Stover Total Grain Total kg ha'1 (%) (%> son)

Absolute
control* 0 179 9 89 277 - - - - - 2.1

Alley
cropping
(Leucaena) 648 186 9 83 278 1.0 0.2 103 16 41 2.2

Alley
cropping
(Cassia) 417 225 9 93 327 11 12 39 9 13 2.7

Mulch-only
(Leucaena) 408 192 10 87 289 3 3 87 21 8 1.8

Mulch-only
(Cassia) 177 190 9 91 290 6 7 33 19 0 1.8

Fertilizer
only* 240 222 9 97 328 18 22 - 0 2.5

aFertilizer was applied to the alley cropped plots at the rate of 40 and 17 kg ha-1 season'1 N and
P, respectively.
'Sample calculation using maize grain yield of 6 seasons from alley cropping of cassia: N
utilization efficiency (11%) - N removed in grain yield (225 kg) less N removed in grain yield
of the absolute control (179 kg) divided by total N applied (417 kg) times 100.
cBased on N concentration of the mulch at the end of the litter bag decomposition studies of
mulch incorporated in October 1991 to March 1992.
d100 -(percent of applied N in mulch or fertilizer removed in crop plus N remaining in
undecomposed mulch).

*From an adjacent experiment.
U1
o
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Trends in N uptake were similar to those of the crop

yields, i.e., the higher the yield of the crop, the higher
the N-yield. Because of the lower yields under leucaena

alley cropping compared to those under cassia (Table 2-3),

apparent N utilization efficiency under leucaena was low.

However, in the sole croppings with only mulch application,

apparent N utilization efficiency values from the mulch of

leucaena and cassia were similar.

N uptake and apparent N utilization efficiency were

highest in the fertilized control plot, in both grain as

well as stover and cobs. N uptake by the maize in the

fertilizer-control treatment was 42% more than the amount of

N applied. Similar high N uptake levels exceeding the

amounts applied were also observed with cassia alley

cropping. For these two treatments, all of the N applied

through the fertilizer or mulch could be accounted for.

Phosphorus.—In six seasons, P removed by the crop

(i.e., grain, stover and cobs) significantly exceeded the

amount of P added through mulch or fertilizer (Table 2-7).

Averaged across species, P removed through the crop was 164%

more than P applied through the mulch of leucaena and

cassia. As a consequence of the lower mulch yield of cassia

compared to leucaena, P applied through cassia mulch was

significantly lower than P applied through leucaena mulch.

Hence, P removed through the crop in plots with cassia was

significantly higher (215%) than that from plots with

/
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Table 2-7. Addition of phosphorus through mulch and removal
by maize in six seasons of cropping under
Leucaena leucocephala and Cassia siamea alley
cropping.

Mulch Source

Phosphorus

Addition

(kg ha"1)

Removal Difference

Leucaena 22.8‘ 52.1* -29.3*

Cassia 15.8b 49.8‘ -34.0b

Mean 19.3 52.0 31.7

‘Values in a column with different letters are not
significantly different (p = 0.05).
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leucaena mulch (127%). The interaction between N and P

uptake/removal by the crop was not examined in this study.

Root Density

Root density differed substantially between species

and also between soil depths. In both species, the

densities of both fine- and medium-sized roots were

significantly higher near than away from the hedgerows (Fig.

2-9). Fine root densities of leucaena at both 0-20 cm and

20-40 cm soil depths were significantly higher at nearly all

distances from the hedgerows than that of cassia (Table

2-8). Interaction effects between species and soil depths

on root density were not significant. In both species, root

density at 20-40 cm depth was significantly higher than at

0-20 cm.

Pot Study

During four harvests, the species effects and the
interaction effects of species and mulch rate on the biomass

yield of maize were not significant (Fig. 2-10). However,
effects of the mulch rates on maize yield were highly

significant, with the yields increasing direct proportion to
mulch rates (Fig. 2-10). Averaged across species and

irrigation levels (i.e., the eguivalents of 100 and 200 mm

of rainfall in two months period), biomass yield of maize
from the 0 and 2 t ha"1 mulch rates were not significantly
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Figure 2-9. Fine root density in the top 40 cm soil
profile of alley cropped hedgerows of Leucaena leucocephala
and Cassia siamea.
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Table 2-8. Fine root density at two soil depths along a
meter-long transect from 6 m apart hedgerows of
Leucaena leucocephala and Cassia siamea
intercropped with maize.

Hedgerow Species

Soil

0-20

deDth (cml

20-40 Mean

Leucaena 0.41 0.64 0.53*

Cassia 0.23 0.47 0.35b

Mean 0.32“ 0.56b 0.44

NOTE: Fine root density = cm root per cm3 of soil.

*,bFor a given row and column, means followed by the same
letters are not significantly different (p = 0.05).
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Figure 2-10. Effects of three mulch rates of
Leucaena leucocephala and Cassia siamea on the biomass yield
of maize grown in pots, 1991.
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different. The effects of these lower rates were also not

significantly different from the effects of the fertilizer

only.

The effects of irrigation depended on the harvest. In

harvests 1 and 4 (i.e., 4 and 16 weeks after mulch

application to the pots, respectively), differences in yield

between the two levels of irrigation were not significant.

However, in harvests 2 and 3, the differences in maize

biomass yield were significant.

Discussion

Mulch Yield of the Hedgerows

On average, leucaena produced 46% more mulch than

cassia. The higher yield of leucaena was observable in both

systems of hedge planting. Similar differences in the mulch

yields of the species had been noted earlier by Nair (1987)

working at the same site. The differences in biomass

production between the two species could be ascribed to

inherent growth differences as well as their site

utilization efficiencies. In the lowland humid tropics,

differences in the biomass yields of leucaena and cassia

appear to be even more pronounced than in the semiarid

tropics (Kang et al., 1981; Kang et al., 1985). Averaged

over the three years of study, mulch yield of leucaena was

approximately 4 t ha*1 yr'1 (dry matter) . Similar yields of

leucaena have also been reported by Rao et al. (1990) from
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alley cropping studies spanning over 4 years from semiarid

India.

Between the two systems of planting (i.e.,

intercropped vs block/sole stands), intercropped hedgerows

of leucaena yielded significantly higher (+33%) mulch than

the block planting on an egual area basis in all but in the

first year. In cassia, differences in the mulch yield of

the two systems were not significantly different. The

higher biomass of the alley cropped plots could be

attributed to (a) availability of more space and hence

reduced competition for soil water and nutrients (especially

when the annual crop was not in the field) and, (b) indirect

benefits from husbandry practices of the maize crop, e.g.,

fertilization, weeding and tillage. The higher mulch yield

of the intercropped hedgerows compared to the yields of the

block/sole stands indicates the benefits of growing the

hedgerows within the crops.

In the block planting system, although the hedges

occupied the same land area as the intercropped hedges, they
were confined to limited space and not spread out. Hence,

plant-to-plant competition was relatively severe.

Typically, the hedges at the borders of the block planting

system always grew taller and yielded more biomass than the

rows inside the blocks. Enhanced tree-to-tree competition

may have contributed to the slightly higher mortality,
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especially of cassia, observed in the hedges planted in

block/sole stands compared to those intercropped.

The high pruning frequency (4-6 times a year) may also

have stressed the cassia hedges more than leucaena, and

subsequently made cassia less resistant to pest attack.

Another experiment on the site of the present study (P.

Kiepe, personal communication) showed that with only two

prunings per year, mulch yields similar to those obtained in

the present study could be obtained from intercropped

hedgerows of cassia. Nevertheless, reduced frequency of

pruning may exaggerate crop loss under alley cropping due to

enhanced shading.

It is also possible that the frequent pruning and

"export" of mulch from the area of the block planted hedges

impoverished the site in terms of nutrient storage, which in

turn contributed to the low yields of the block planted

hedges.

Crop Yield

Effects of mulch on yield

Because yields of maize in the mulched and unmulched

control plots were comparable, it would appear that low

levels of mulch obtained from the hedgerows limited maize

yields. Significant response in biomass yield of maize to

increasing rates of mulch in the pot studies also supports
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this observation. This response could be ascribed to

enhanced availability of nutrients; positive impact of mulch

on soil physical properties (e.g., improved aeration and

moisture conservation) could be another reason, but this

aspect was not examined in this study.

It has been argued that if mulch applied in a season

could be increased to 3-4 t ha*1, maize yield may be

increased significantly even in sites similar to the one of

the present study with relatively fertile soils. For

instance, Mugendi (1990), working at a site adjacent to the

present study, reported from a study spanning 14 seasons

that application of leucaena and cassia mulch at rates

equivalent to 5 t ha"1 consistently gave significantly

higher maize yields than applications of 1 t ha*1 or those

of the control plot with no mulch additions. Moreover,

more pronounced effects would be expected in nutrient-poor

than in nutrient-rich sites. For instance, Palm (1988)

observed that in more nutrient-poor and/or in acid soils,

increased rates of mulch application resulted in crop

responses similar to those of inorganic nitrogen

fertilizers.

Because a species like leucaena has a higher fodder

value compared to cassia which has no fodder value (NAS,

1984), in semiarid areas, the prunings from the leucaena

hedges are more likely to be removed from the field for use

as fodder (Singh et al., 1989). The use of the prunings for
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fodder becomes even more appropriate when mulch may not

result in significant gains in crop yields. Similar

observation was made by Singh et al. (1989) from semiarid

India. Furthermore, in nutrient-poor and/or acidic soils,

crop yields may not be sustained by mulch even if all the

crop residues and hedge mulch remained in the crof fields
(Szott et al., 1991).

Although the small quantities of mulch from alley

cropped hedgerows may not improve crop yields, it could be

argued that their application may still be necessary to

minimize long-term declines in soil fertility and

productivity. It is hypothesized that such declines in

fertility and productivity could result from loss of

nutrients removed in continuous harvests of mulch and tree

products (Kimmins, 1977; Hook et al., 1982; Lulandala and

Hall, 1988). With or without the removal of hedgerow mulch,

initial soil conditions, crop type and their yields would

likely influence the onset of yield declines. Use of manure

from livestock fed with the prunings may reduce yield- and

soil-fertility declines. In addition, in the semiarid

tropics where the crop yields are generally low compared to

those of the humid tropics, removal of mulch in the range of

1-2 t ha"1 season"1 may not show any significant impact on

yields and fertility conditions of the soil, at least in the

short term. This view is supported by the absence of

significant differences in maize yield between plots with
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mulch and those without for the seasons of this study. From

the foregoing, therefore, it is evident that improvements in

crop yields through the effects of mulch produced by alley

cropped hedgerows are probably limited in the semiarid

tropics.

Supply of N and P by the mulch
and removal by the crop

Leucaena mulch, when returned to the soil, provided

more N than what the crop removed in 6 seasons. On the

other hand, cassia supplied only half of the crop N. Most

of the N removed was harvested in the grain (67%), an

observation in agreement with that of others (Allison,

1973). Based on the N budget analysis, it does appear,

therefore, that if all of the mulch N is available to the

crop, leucaena could meet the crop's seasonal N

requirements.

Besides N, the supply of the other nutrients is

important for the maintenance of high maize yield over time.

Removal of the mulch which supplies substantial quantities

of nutrients other than N could therefore have significant

effects on yield, even when N is provided via fertilizer.

This view is supported by observations of Gichuru and Kang

(1989) who showed that plots receiving no prunings had, in

general, lower maize grain yield regardless of N application

compared to those receiving prunings.
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Soil P appears to be a nutrient that could rapidly be

depleted through continuous harvest of mulch and crops from

the systems studied. This is particularly so in soils such

as the Alfisols of the present study where the native

exchangeable soil P levels are low (less than 16 ppm),

inputs through the mulch are low, and, yet, outputs through

crop harvest exceed inputs significantly. The 7 kg ha-1 yr"1
P supplied through leucaena mulch is similar to P levels in

leucaena mulch noted by Lulandala and Hall (1990) from

semiarid Tanzania. Most of the P in the crop was removed in

the grain and stover, in almost equal percentages. Only

about 3% of the total P in the crop was in the cobs.

Averaged over species, only 37% of the P needs of the crop

was balanced by leucaena and cassia mulch. The shortfall

was more pronounced in cassia alley cropping because of

cassia's low mulch yield compared to leucaena's.

Based on the P budgets (notwithstanding the

possibility that not all mulch P is available to crop), it

does appear that the recycling potential of cassia mulch

from the alley cropping system is inadequate to meet the P

requirements of the maize crop. The balance between P

supply and crop need may be even less favorable under

conditions of high crop yield such as in seasons of good

rainfall. Kang and Wilson (1987) observed that the P

content of leucaena prunings was inadequate for one crop of

maize at the humid lowlands of Nigeria. Also, while
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mulch-P, particularly that of leucaena, could meet the P

requirements of maize grain yield of about 2 t ha'1 as

suggested by Torres (1983), it is evident that it does not

meet the total needs of the crop (i.e., grain, stover and

cobs).

The considerable increase (16%) in the P concentration

of cassia mulch in 1991 over the levels of 1987 and the

absence of similar increase in leucaena mulch suggest

differences in the patterns of P uptake by the two species.

The cause of this difference is unknown. Some postulations

are that cassia is more mycorrhizal than leucaena or

supporting more phosphate solubilizing bacteria than
leucaena in its rhizosphere.

Apparent utilization efficiency of mulch-N

The apparent low use efficiency of mulch-N can best be

explained by the equally high crop and N yield of the sole
maize control compared to the yields of mulch treatments.

This is another indication of the presence of sufficient

native soil N at the study site for the maize crop without

additional inputs. Low utilization efficiencies of mulch-N

have also been reported by several other workers. For

example, Palm (1988) observed mulch-N utilization efficiency
of 16% by upland rice from mulches of leguminous shrubs.
Yamoah et al. (1986b) noted N-utilization efficiencies of

near 20% from the mulch of leguminous shrubs with the
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addition of fertilizer. Sanginga et al. (1988) also

observed low N-utilization efficiencies from leucaena mulch

but they emphasized that the absence or presence of N-fixing
bacteria inoculation made a difference. Other workers (Kang

et al., 1981; Guevarra, 1976) have also reported low

apparent N-utilization efficiencies from mulch of leguminous

shrubs.

Factors such as time lags between mulch-N

mineralization and crop N demands (Anderson and Ingram,

1989), immobilization of mulch-N and soil-N by microbes in

the process of mulch decomposition, at least in the initial

stages (Palm and Sanchez, 1991) and volatilization losses

from surface applied mulch (Terman, 1979; Nelson, 1982)

could also have contributed to the apparent low mulch-N

utilization efficiencies observed. Also, about 22% of the

undecomposed mulch-N was still tied up in mulch of both

species. This cannot be described as inefficiency, because

this N is still in the system and might be utilized by

subsequent crops. Admittedly, without more precise

determinations such as the use of 15N techniques, it is

difficult to assess the fate of mulch-N in soil (Sanginga et

al. 1988). Management practices that synchronize periods of

peak N release from mulch with periods of peak N demands by

the crop may enhance effects of the small quantities of

mulch available from the hedgerows.
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In situ effects of hedgerows on crop yield

The in situ benefits of growing the hedgerows was

reflected in the higher maize yields between the alley

cropping system and the block planting system and LER of

alley cropping > 1.0. The in situ effects of the hedgerows

may result not only from their root and rhizosphere effects

but also from their ability to protect the soil against

erosion and to serve as windbreaks (Wiesrum, 1984). From

semiarid India, Rao et al. (1991) provide evidence for

reduction in runoff and soil loss under alley cropping with

leucaena.

The in situ benefits of the hedgerows will be in

perspective when viewed against the yields of the

appropriate sole-crop control. This will determine if,

indeed, there has been a positive gain over the no¬

intercropping situation. Such a comparison can be made from

the last column of Table 2-3, which shows, for instance,

that the maize yield of the sole-maize control (fertilizer-

only) was -8% compared to that of cassia alley cropping and

+12% compared to the leucaena alley cropping. Because of

reduced maize yields under leucaena alley cropping, LER or

the yield advantage of leucaena alley cropping was

significantly lower than that under cassia. These

differences in yield reductions under alley cropping of the

two species suggest that leucaena is more competitive with

maize than cassia. The reductions in maize yield under
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leucaena alley cropping could be more severe than observed

in the present study in sites that are both nutrient-poor

and dry (Chirwa, 1991).

Leucaena became more competitive than cassia starting

in the second year. Similar observations on the onset of

leucaena's competition were made also by Rao et al. (1990)

working with alley cropping in semiarid India. The

significantly higher mulch production as well as the

presence of high fine-root densities of leucaena in the top

soil compared to that of cassia provides additional clues to

leucaena's higher competitiveness. It is possible that a

higher pruning frequency than the 4-6 times a year of

leucaena in the present study may have reduced its

competition with the intercrcropped maize.

The higher maize yield under cassia alley cropping

compared with that under leucaena or under the sole crop

could be ascribed to significantly more positive crop-

hedgerow interactions observed under cassia. These positive
interactions could have mitigated high reductions in maize

yields from hedgerows with narrow alleys compared to those

with wide alleys. This could explain the lack of

significant differences in the three alley widths (spacings)
used in the present study. Because more land was under

hedges in the narrow alleys than in the wide alleys, maize

yield from the narrow alleys was expected to be less than

from those of the wide alleys.
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Maize-yield reduction observed under leucaena was not

likely due to competition for light, because the hedges were

pruned frequently during the rainy season. Also, it was

probably not due to competition for nutrients because the

plots were fertilized and leucaena (which was inoculated at

the start of the study) may have fixed considerable levels

for its own N needs. Instead, the reduction in yield was

probably most likely due to competition for water, a

suggestion also made by others regarding leucaena alley

cropping in semiarid India (Rao et al., 1991). In the sixth

season when rainfall was 39% below normal, the significantly

lower maize yields under leucaena alley cropping compared to

the control provide support to the explanation of water

limitation. The argument that competition was more for

water and less for nutrients was supported by the results of

additional field studies (Chapter 5) involving factorial

combination of fertilizer (N and P) and irrigation levels

where a positive response in maize yield to N application

was not significantly different from that due to the effects

of irrigation only. Prior to the initiation of the present

study, the site was a savanna woodland cropped to pigeon pea

for one-and-one-half years, so that soil N may still have

been relatively high. Another evidence for water being more

limiting than nutrients is provided by the linear

relationship between the maize yield and rainfall over the

six seasons.



69

Trends in maize yield over time

All treatments had similar levels of relative yield
maintenance as long as rainfall received in a season was

normal, a situation more pronounced under leucaena than

under cassia. Much longer studies than three years are

required because the effects of the hedgerows are likely to

be more pronounced with age. Also, long-term studies would

more clearly reflect the high variability in seasonal

rainfall. From six-year studies in the humid lowlands of

Nigeria, Lai (1991) observed that total maize yields from

alley cropping of leucaena and Gliricidia sepium were about

10% lower than those of the control. In the present study,

total maize yield after 6 seasons under alley cropping with

leucaena was reduced by 12% while that under cassia was

increased by 8%. Therefore, under management conditions

similar to the ones of the present study, it does appear

that cassia has more potential to sustain maize grain yield

than leucaena.

Because of the low measured concentrations of

extractable N and P in the soils of the study station (Kibe

et al., 1981), fertilizer N and P was applied to the crop

each season at the minimum of the recommended rates for

farms in the area. However, the general lack of significant

differences in maize yields between treatments suggests that

N and P were not limiting, again supported by the results of

the pot study.
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Root Density

The significantly higher yield of leucaena mulch and

presence of significantly higher density of its fine roots

in the top soil could be the causes of the lower maize yield

under alley cropping with leucaena compared with cassia. In

a competitive situation, the sharing of limited soil water

and nutrient resources by competing plants is proportional

to their effective rooting length/density (Bowen, 1985).

Generally, most of the fine roots of trees are found in the

upper 50 cm of the soil (Fayle, 1975; Deans and Ford, 1983).

High root density is an ecological adaptation of plants,

particularly those growing on soils with chemical and/or

physical limitation in the lower horizons (Bowen, 1973).

This is also true of plants in nutrient and water stressed

environments (Chapin, 1980). The studies of several workers

in both the humid lowland and the semiarid tropics (Kang et

al., 1981; Corlett, 1989; Singh et al., 1989; Rao et al.,

1991, 1992; Ruhigwa et al., 1992; Toky et al., 1992)

corroborate the high root densities of leucaena and cassia

found in the present study.

Unfortunately, most of the roots of annual crops and,

in particular those of maize, are found in the same soil
horizon as those of trees (Jonsson et al., 1988).

Therefore, competition for limited resources (e.g., soil

water and nutrients) between trees with well established

root systems and the seasonal crop with less
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well-established roots is unavoidable. More often than not,

the agronomic crop is the loser in the competitive situation

as indicated, in this case, by the low maize yields under

leucaena. Studies of other workers from the semiarid

tropics also show low maize yields under leucaena alley

cropping (Nair, 1987; Singh et al., 1989; Corlett et al.,

1989; Rao et al., 1990, 1991; Ong et al., 1992). The

present study also shows that all species are not as

competitive as leucaena with crops, and that an

understanding of the rooting system of species to be used

for intercropping is necessary.

Typically, fine root density of trees declines with

distance from the stem (Roberts, 1976; Ford and Deans, 1977;

Persson, 1980; Dhyani et al., 1990) which is consistent with

the observations of the present study. Along the entire 3 m

long trenches from the hedgerows studied, root density of

leucaena was significantly higher than that of cassia. The

extended high root-density of alley cropped leucaena into

the cropped s^rea and the resultant low yields of intercrops

would suggest that potentials of intercropping leucaena

without physical separation from crops are limited.

Approaches to minimize below-ground competition between

hedgerows and crops, at least experimentally, include root

pruning and/or placement of physical barriers such as

galvanized iron or polythene sheets (Singh et al., 1989; Rao
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et al., Ong et al., 1992), trenching (Verinumbe, 1985) and

root pruning (Fernandez, 1990).

With root pruning/barrier techniques, improvements in

crop yield compared to a control have been noted, with

significantly increased yields at some times (e.g., Corlett,

1989) and not at others (Ong et al., 1992). Root pruning

is, however, labor demanding and unless there are

significant gains to be foregone by not having the hedgerows

in situ, farmers would be most unlikely to adopt it.

Besides, roots of the hedgerows can arch back to the surface

soil even when physical barriers are placed to depths of one

meter below the soil surface and hence render barrier or

trenching efforts ineffective (Ong et al., 1992).

Separate planting of hedges in blocks or sole stands

on land outside the crops that is not currently cropped, or

on land not suitable for cropping or on the periphery of the

farm may be options to minimize competition of leucaena with

crops. This could be an option particularly for leucaena
which has a desirable product (fodder) but which cannot be

intercropped because it is competitive with crops. However,

expected losses in crop yield are proportional to the

percentage of land occupied by the hedges. This lost land
occurred because the amounts of mulch obtained from the

hedges were low (on average 1-2 t ha'1 season*1) and had no

compensatory effects on crop yield. However, the results of
the pot studies suggest that if the levels of mulch from
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hedgerows could be increased to application rates of 3-4 t

ha'1 season'1, gains in crop yields could be increased even

from the relatively fertile site of the present study.

Conclusions

Alley cropping of Leucaena leucocephala was

detrimental to maize yield over the six cropping seasons.

On average, maize yield under leucaena alley cropping

dropped by 12% of the sole crop while that of cassia

increased by 8%. Leucaena, on the other hand, produced

significantly higher mulch biomass (50% more) than cassia.

The higher mulch biomass production and higher density of

fine roots in the top 40 cm soil are factors that contribute

to leucaena's significantly higher competitiveness with

maize than cassia's.

The in situ benefits of growing the hedges on maize

yield were positive for both species but significantly more

under cassia compared to those under leucaena. Planting the

hedges outside the crops may be a management approach to

minimize competition between the crop and the tree

hedgerows, especially for a species like leucaena with

desirable fodder value. However, this approach produced

yield reductions higher than alley cropping with both

leucaena and cassia, with the loss nearly equal to the

percentage of land apportioned to the hedges.
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The magnitude of the mulch produced by leucaena and

cassia, 1 and 2 t ha*1 season*1, respectively, was not

sufficient enough to cause significant gains in maize yield

at the study site. There are indications that gains in

maize yield could be significant if the amounts of mulch

applied could be increased to 4 t ha*1 season and beyond.

It is unlikely, however, that such increases in mulch yield

from the hedges could be made without compromising further

crop yields.

At this point, the results of the present study do not

indicate sufficient short-term benefits to recommend alley

cropping with leucaena under conditions similar to the ones

of the present study. However, cassia does have potential

if (a) the 8% increase in maize yield outweighs the costs of

production and, (b) mortality of cassia after 3-4 years is

low enough not to necessitate replanting of the hedgerows.

Follow-úp studies on factors responsible for cassia's

positive in situ effects may enhance its potentials for

alley cropping under semiarid conditions.



CHAPTER 3
SOIL FERTILITY ASPECTS OF ALLEY CROPPING

LEUCAENA LEUCOCEPHALA AND CASSIA SIAMEA IN
SEMIARID TROPICS AT MACHAROS, KENYA

Introduction

Agroforestry practices are suggested as low-input

systems with potentials to meet the critical needs to improve
or sustain food production in the tropics (Swift and Sanchez,

1984). One practice of agroforestry which has been the

subject of much interest and study is alley cropping, also

called hedgerow intercropping (Kang et al., 1990). It

consists of growing food crops in alleys between planted

hedgerows of multipurpose trees and shrubs. The hedgerows are

periodically cut back at the beginning of as well as during

cropping to prevent shading and to provide mulch to the

associated crop.
^

One of the most important premises of alley cropping is

that the addition of organic mulch, especially if it is rich

in nutrients, has favorable effects on soil physical and

chemical properties, and hence on productivity of crops.

However, the ability of the mulch to provide nutrients and to

maintain or improve soil properties would depend, in addition

to its quality and time of application, on the quantity. For

instance, Kang et al. (1990) observed from six-year-long

studies at the humid lowland of West Africa that with

continuous addition of leucaena pruning (8-10 t ha'1 yr*1, dry

75
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matter), soil organic matter (SOM) and nutrients were

maintained at higher levels than where the prunings were

removed. Similar observations are made by other workers also

from the lowland humid tropics (Atta-Krah et al. 1985; Yamoah

et al. 1986c). However, in the SATs, ecological conditions do

not allow the high rate of mulch production found in the humid

tropics. Hence, significant gains in SOM from the addition of

mulch may be limited. Based on the effects of mulch per se

there might be no conceivable advantage of alley cropping

systems on SOM in the SATs. However, turnover rates of high

root mass often associated with agroecosystems with trees

(Ewel et al., 1982), such as alley cropping, may contribute

significantly to organic matter and nutrient contents of the

soil. Moreover, where leaching losses of soil- and applied-

nutrients may be a problem, the roots could minimize these

through a combination of processes including sorption and

uptake from deeper layers (Stark and Jordan, 1978; Jaiyebo and

Moore, 1964). These processes may result in the concentration

of nutrients in the mulch of the hedgerows which could, in

turn, improve crop nutrition (Fernandez, 1990). In some

soils, there are indications that the roots may even recycle

nutrients from the subsoil which could in turn result in top

soil improvement of pH and exchangeable bases (Lai, 1989). In

addition, due to their longevity and to their protective

benefits, intercropped hedgerows may minimize runoff and soil

erosion loss (Lai, 1989; Rao et al., 1991).
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Notwithstanding the positive attributes and potentials

of alley cropping discussed above, competition for soil

resources (nutrients and water) between the hedgerows and the

crops has to be considered since this could result in

significant losses of crop yield under alley cropping (Rao et

al., 1991; Nair, 1987; Singh et al., 1989). The losses in

yield may, indeed, obscure any gains in soil fertility due to

the presence of the hedgerows. To justify mixing of multi¬

purpose tree hedgerows with crops, particularly by resource-

poor farmers, it is important, therefore, to understand the

benefits to soil fertility that would otherwise be lost if the

hedgerows were planted separate from the crops. This

knowledge is of particular significance in the semiarid

tropics where soil moisture is a major factor limiting crop

production and where soil fertility improvement aspects of

alley cropping have not yet been well understood.

This study was undertaken in this scenario with the

following objectives: (a) to evaluate the changes in some

selected soil chemical and physical properties under alley

cropping of maize with Leucaena leucocephala and Cassia siamea

over three years and, (b) to separate the effects of mulch per

se from the in situ presence of the hedgerow on the selected

soil chemical and physical properties.
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Materials and Methods

Site Description

The location, rainfall and soil characteristics of the

site are described in Chapter 2. Table 3-1 shows the chemical

and physical characteristics of the top soil (0-20 cm) at the

beginning of the study (October, 1987).

Treatments and Experimental Layout

The experimental treatments consisted of two systems of

Leucaena leucocephala and Cassia siameai (a) intercropped

hedgerows and (b) planted as blocks/sole stands outside the

crop. In the intercropped system, the hedgerows were 6.67 m

wide. The hedgerows in both the intercropped and the

block/sole planting systems occupied 15% of the total area,

and the crop occupied the remainder of the land (85%). Plots

with fertilizer-only and mulch of leucaena or cassia only were

included as controls. As an absolute control, no-mulch or

fertilizer plots from an adjacent experiment was used. The

experimental design was randomized block design with three

replications. The field experiment was conducted for more

than 3 years (October 1987 to March 1992).

Crop and Tree Management

In all systems, the soil was hand tilled and maize

(Katumani Composite var.) planted twice a year at a stand of



Table 3-1. Chemical and physical characteristics of the top
soil (0-20 cm) at the beginning of the study,
October 1987.

Soil Property
Leucaena

plots

Treatments

Cassia
plots

Control

plots Mean

pH (1:2.5 soil:H20) 6.2 6.2 6.2 6.2

Org. C (%) 0.9 1.0 0.8 0.9

Total N (%) 0.1 0.1 0.1 0.1

P (ppm, Mehlich-1) 12.7 12.0 12.7 12.5

CEC (meq/100 g soil) 9.6 9.5 9.0 9.4

Clay (%) 28.7 30.7 26.7 28.7

Bulk density (g/cm3) 1.3 1.3 1.3 1.3

At the time of soil sampling in 1987, the experimental
treatments had not yet been introduced.
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37,000 plants/ha. Moderate levels of fertilizer (40 and 18

kg of N and P/ha) were added to the maize in the hedgerow

intercropped and the block planted systems each season.

Weeds were hand removed at least twice in each season. At

harvest, maize grain, stalks and cobs were removed from the

field as was the practice of the farmers in the area.

The tree hedgerows were pruned back to 50 cm above

ground with 2-3 prunings a season. The prunings obtained

were chopped into small pieces and applied as mulch to the

plots. The chemical characteristics of the mulch are shown

in Table 3-2. If tillage and/or weeding schedules shortly

preceded periods of mulch application, the mulch generally

became incorporated into the soil; otherwise, it remained on

the soil surface.

Soil sampling was always carried to 20 cm depths. A

composite sample of 10 auger cores was taken for each

treatment. The soil was air-dried, crushed to pass a 40-

mesh sieve, and mixed. Samples were analyzed at the

Analytical Laboratory of the Katumani Research Station,

Machakos, Kenya by the following methods: total N by the

micro-Kjeldahl method (Jackson, 1958), organic carbon by the

Walkley-Black procedure (Jackson, 1958), P by the Mehlich-1

double acid procedure and cation exchange capacity (CEC) by

Atomic Absorption Spectrophotometry methods. Soil pH was

determined using a glass electrode pH meter (model Bibby),

at soil to water ratio of 1:2.5.
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Table 3-2. Chemical characteristics of the dry mulch of
alley cropped hedgerows of Leucaena leucocephala
and Cassia siamea.

N

(%)
P

(%)
K

(%)
Ca

(%)
Mg
(%)

C:N
ratio

Lignin
(%)

Poly¬
phenol
(%)

Leucaena 3.5 0.2 1.9 0.7 0.3 14 8.1 4.7

Cassia 2.9 0.2 1.8 0.7 0.2 17 8.4 3.7
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Relative availability of N03" N and NH4+ N was

monitored in the last season. Ion exchange resin bags

(Binkley and Matson, 1983; Binkley and Hart, 1989) were

used. In each plot/replicate, one bag for anions and one

for cations weighing 5 g were placed in the top 10 cm soil

profile. After the harvest of the crop, the resins were

retrieved and N03" N and NH4+N extracted with 2 N KC1.

Levels of NO," N and NH4* N from the KCl-extracts were

determined using Standard Autoanalyzer methods at the Soil

Testing Laboratory of the University of Florida,

Gainesville.

Soil physical properties

Bulk density (Blake, 1965) is the only physical

property of the soil discussed in this chapter. In the last

cropping season, soil was sampled with a semi-wide auger

and 5 cm long to a total depth of 20 cm (i.e., 0-5, 5-10,

10-15 and 15-20 cm). Bulk density of each plot/replicate

was computed as the average values of samples taken at two

positions near the hedgerows (0.45 m) and two in the middle

of the alleys (3.5 m away from the hedgerows).

Statistical Analysis

ANOVA procedures were used to determine statistically

significant (p = 0.05) differences between the levels of
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soil properties monitored under the various treatments and

over time. Because the initial (1987) soil levels of

percent clay and P differed significantly among plots, these

two parameters were used as covariates in the analysis of

the final (1991) soil P levels. Also, for the KC1

extractable N, analyses were performed on logarithmically

transformed data, because frequencies from a set of 5 resin

bags were not normally distributed. When significant

effects of treatments were detected, means were separated by

pairwise contrasts of the LSM using the GLM procedure in SAS

(SAS, 1992). Differences between treatments were declared

significant at p « 0.05.

Results

Soil Chemical Properties

With the exception of P, there were no significant

differences among treatments in the levels of the chemical
characteristics measured (Table 3-3). Soil pH, organic

carbon, total N and CEC in the different treatments were

similar. With respect to P, however, there were significant
differences among treatments. In general, plots with cassia
mulch tended to have a higher level of available soil P. In

particular, the levels of P from the plots with application
of cassia mulch-only were significantly higher than the

levels of all the other treatments (Table 3-4). The



Table 3-3. Chemical and physical characteristics of top soil (0-20 cm) under alley
cropping with hedgerows of Leucaena leucocephala and Cassia siamea hedgerows,
November 1991.

System

PH
(1:2.5
soil:H20

Organic
C

(%)
Total
N (%)

KCl
extract
N (pg/g
soil)*

Mehlich-1
P (ppm)

CEC

(meg/
100 g
soil)

Bulk

density
(g/cm3)

Aliev cropping
Leucaena 6.3a 0.83* 0.09* 9.91* 16.7* 8.42* 1.23*

Cassia 6.2* 0.81* 0.09* 8.15* 23.0b 7.67* 1.46*

Block planting
Leucaena 6.2* 0.94* 0.08“ 8.55* 18.2b 7.63* 1.37*
Cassia 6.2* 0.83* 0.09* 9.17* 19.5b 9.26* 1.33*

Controls
Mulch
(leucaena)

Mulch
6.2* 0.80* 0.11“ 8.09* 11.3* 7.21* 1.31*

(cassia) 6.6* 0.93* 0.06* 7.43* 30.0C 9.68* 1.34*

Fertilizer 6.3* 0.72* 0.07“ 6.14* 21.2b 7.60* 1.20*

Maize-only** 6.3* 0.85* 0.07“ 6.77* 11.0* 9.33“ 1.44*

a,b,c,dIn a coiUnm, values with different letters are significantly different (p = 0.05).

♦Indicates average of 3 sampling dates.

♦♦From an adjacent experiment (no fertilizer, no mulch).

oo
■t»
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Table 3-4. Changes in soil Mehlich-1 P levels after three
years of alley cropping hedgerows of Leucaena
leucocephala and Cassia siamea hedgerows with
maize, November 1991.

System*

Change in soil
Mehlich-1 P

(ppm)

Aliev intercroDoina

Leucaena leucocephala 4.0a

Cassia siamea 11.0b

Controls

Mulch (Leucaena leucocephala) -1.3a

Mulch (Cassia siamea) 17.3a

Fertilizer-only CD • in cr

Maize-only -1.7*

*The values of the block planting system were similar.

a,bValues within a column with different letters are

significantly different (p = 0.05).
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difference between the cassia mulch-only plot and the

similarly treated leucaena plot was, for instance, 62%.

This difference was observed even when the initial (1987)

soil P and percent clay content were used as covariates for

the final (1991) P measurements.

The higher P in plots with cassia mulch could be

attributed to increased concentrations of P observed in

cassia mulch over the years (Table 3-5). Cassia mulch had

24% higher P content than leucaena in 1991. In contrast,

plots with leucaena mulch had significantly higher KCl

extractable N03' N and NH4+ N than the plots with cassia

mulch or the absolute control (Table 3-6). The levels of

relative indices of N03" N and NH4+ N in the plots with

leucaena mulch were, however, not significantly different

from those of plots with fertilizer.

Soil Bulk Densities

No significant difference was observed in soil bulk

density of the different treatments (Table 3-2). Also, no

significant change was observed in the bulk density of any

treatment over the three years of study.

Discussion

Soil Chemical Properties

Despite the differences in the rates and, to some

extent, in the quality of leucaena and cassia mulch
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Table 3-5. Concentration of phosphorus in the mulch (leaves
plus twigs) of alley cropped hedgerows of
Leucaena leucocephala and Cassia siamea at the
start (1987) and end (1991) of the study.

Species 1987 1991

Leucaena leucocephala oCM•o 0.19“

Cassias siamea 0.20“ 0.25“

“Values in a column with
significantly different

the same letters are not

(p = 0.05).
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Table 3-6. Relative indices of KCl-extract nitrogen from
ion-exchange resins incorporated into the soil
of alley cropped
leucocephala and
the "short-rains

hedgerows of Leucaena
Cassia siamea with maize
" cropping season of 1991

during
•

KC1 extract-N (;jg/g
resin)

System nh4+ n no3- n Total

Aliev croDDina

Leucaena leucocephala 29.5a 24.8b 54.3b

Cassia siamea 15.2C 15.3C 30.5d

Controls

Fertilizer 24.3b 36.9a 61.2a

Mulch (leucaena) 22.4b 39.0a 61.4a

Mulch (cassia) 18.2C 25.7b 43.9a

Maize-only 21.4b 20.8b,c 42.2a

a'b'c'dValUes within a column with different
significantly different (p = 0.05).

letters are
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applied, no significant treatment-related differences were

found in soil organic C and N. Changes in organic C and N

after three years of cropping were also not significant.

Insufficient quantities of mulch with high rates of

decomposition could be an explanation for the lack of

significant differences. The former explanation appears

more plausible than the latter as Kang et al., (1985) also

reported significant increases in SOM as well as

exchangeable K, Ca and Mg levels in both the top- and sub¬

soil from the application of high rates of leucaena mulch

(7 t ha'1 yr'1). The mulch decomposition rates in the study

of Kang et al. and the present one were similar. Also, pot

studies involving additions of high rates of leucaena and

cassia mulch (i.e., 4 and 8 t ha'1 season'1) to soil from

plots of the present study resulted in significant increases

in maize biomass yield. This was probably due to the

effects of increased soil organic matter and supply of

nutrients from the mulch. In the pot studies, rates of

equivalent mulch application lower than 4 t ha'1 yr'1 had no

significant effects on maize biomass yield. Other workers

have also reported increases in soil organic carbon content

from the additions of high rates of leucaena and cassia

mulch (Yamoah et al., 1986c). However, as studies by Palm

(1988) suggest, differences between sites, soils and mulch

species could significantly impact the effects of high rates

of mulch application on soil organic C.
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Generally, though, high rates of mulch application (in

the range of 10-20 t ha'1 yr'1 dry matter) are effective in

increasing soil organic C, as concluded by Huxley (1986)

from a comprehensive review of the literature. The

quantities of mulch obtained from the hedgerows in the

present study were only about 2 and 4 t ha'1 yr'1 from cassia

and leucaena, respectively (Chapter 2). Hence, the

limitation to increasing soil organic C and N in the soil of

the field plots of the present study was most probably the

limited amounts of mulch applied. Under such conditions, it

may take more time to detect changes in soil organic C and

total N because the additions and possible changes are small

relative to the soil store (Powlson et al., 1987).

Although productivity may decline due to insufficient

availability of nitrogen (Ayanaba, 1982), slowly decomposing

mulches, high in lignin, polyphenol content or high C/N

ratios, typically, have more potential to increase soil

organic carbon than fast decomposing ones (DeHaan, 1977;

Sivapalan, 1982). The characteristics of the mulch of the

two species were similar (Table 3-1); however, their rates

of decomposition on the soil surface differed slightly, with

cassia decomposing more slowly than leucaena (Chapter 4).

Thus, the lack of significant differences observed in soil

organic C between soils under cassia and leucaena mulch

could be due to a lack of differences in the mulch quality

of the two species. The mulch of both species may have been

of relatively high quality, despite the slight differences
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noted in their rates of decomposition (particularly on the

soil surface), and no long-term differences in soil organic

C may be expected.

Although there may in fact be (unmeasured) differences

in the quality of the mulch of the two species, the lack of

significant differences observed in organic C of soil under

the mulch of the two species suggests that these differences

were not as important as the quantity of mulch in impacting

on soil organic C. The effects of residues (mainly those of

crops) on soil organic C content are highly related to the

amount and only slightly to the type of residue applied

(Rasmussen and Collins, 1991; Sowden, 1968). Both the

quantity and the quality factors of the mulch are critical

because of the high loss of the C applied as C02.

Typically, laboratory incubation studies estimate that as

much as 60-75% of the C from crop residues could be evolved

as C02 after one year in the soil (Martin and Haider, 1980).

The effects of hedgerow intercropped systems on soil

organic C, if any, appeared to be due more to the effects of

the mulch and less to the in situ presence of the hedgerows.

The effects of only the small quantities of mulch added

(2-4 t ha'1 yr'1) appeared to have been sufficient to sustain

soil organic C after three years of cropping. Evidence for

this is provided by the lack of significant difference

observed in the levels of soil organic C between the
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hedgerow intercropped and the block planted system of both

species. The levels of mulch produced by the hedgerows in the

present study were within the range of plant residues

requirements estimated by Young (1989) to maintain top soil

organic matter in semiarid and subhumid ecozones of the

tropics.

The contribution of the root system of alley cropped

hedgerows to soil organic matter, and thus to soil

fertility, has been little studied. In addition to the

contribution of above ground litter, turnover of high root

biomass, which is generally higher in agroecosystems

involving trees than in other land use systems (Ewel et al.,

1982), is a mechanism by which trees are hypothesized to

improve soil fertility. It is also hypothesized that,

through their deep roots, trees such as leucaena and cassia

are able to absorb nutrients from soil depths that crops

cannot reach, and thus, improve soil fertility through

litter fall and root turnover (Nair, 1984). While the roots

of the intercropped hedgerows may contribute to organic C

levels of the soil over time, this was not observed in the

short-duration of the present study (3-4 years). It is

implicit from the above that, especially for a species such

as leucaena which is highly competitive, the presence of the

hedgerows in the crops may not be necessary for purposes of

maintaining soil organic matter/soil fertility.

Although there were no significant differences in soil

organic C and total-N between treatments, the results of the

KCl extractions indicated that plots with leucaena (whether
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intercropped or received mulch only) had relatively higher

available N than those with cassia (Table 3-6). This could

be attributed to the higher yield of leucaena mulch which

also had higher concentration of N and higher rate of

decomposition (particularly the leaf fraction) than cassia

mulch. It is also possible that apart from the release of

its own N upon decomposition, some of the higher effects of

the mulch of leucaena on the relative index of available N

was to stimulate more mineralization of the native soil N.

This could be through the so-called "priming" effect of

added N on native soil N (Hauck and Bremner, 1976; Jenkinson

et al., 1985) .

It does appear that, besides N, the small quantity of

mulch applied (particularly that of cassia) had significant

effects on the availability of top soil P. This was most

pronounced where only mulch of cassia was applied. Similar

observations have been made by Yamoah et al. (1986c) from

the humid lowland tropics of Nigeria. The increase in soil

P under cassia plots could be ascribed to enhanced P

contribution from the mulch. Over the three years, the

concentration of P in cassia increased considerably while

that of leucaena remained unchanged. Explanation for the

higher concentration of P in cassia mulch compared to that

of leucaena is a matter of speculation; some hypothesis are

differences in root to shoot ratios, mycorrhizal

association, microbial population and activity (e.g., P-

solubilizing bacteria).
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Mwangi (1989), working at a site adjacent to the present

study, also observed that at rates of mulch application 3-4

times higher than the amounts applied in the present study, P

levels of the top soil nearly doubled after 6 years of

cropping. However, there are biological limitations to the

production of such high mulch yields in SATs. In the absence

of high mulch yields, application of the small amounts of

mulch available may still result in short-term or immediate

benefits (e.g., enhanced availability of top soil N and P).

It may, however, have little effect on the maintenance of soil

organic matter (Stevenson, 1986).

The initial levels of soil organic C and total N were

in the low end of the range typical of Alfisols (Brady,

1990). However, it is worth noting that no significant

changes in either soil organic matter or N were observed
after three years of cropping with an annual removal of

about 60 kg N ha*1 through grain and maize stover. The lack

of significant change in soil organic C and total N was even

observell from the control plots with no additions of N or

mulch. Maize yield from plots with various treatments were

also similar, with differences being more pronounced between

seasons than between treatments. These supporting

observations suggests that it will take more than three

years to detect changes in organic C or that the effects of
the small amounts of mulch added to the soil may have been

sufficient to prevent declines in the initial soil organic

C.
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Soil Physical Properties

The lack of significant change in soil bulk density

could, in turn, be ascribed to lack of change in soil

organic matter. Like many other soil properties, soil bulk

density is influenced by changes in soil organic matter

(Allison, 1973). Several workers have noted significant

improvements in soil bulk density in the humid lowlands of

Nigeria where mulch yields as high as 8-10 t ha"1 yr"1 (dry

matter) are obtained from intercropped hedgerows,

particularly leucaena in studies spanning four years (Wilson

and Kang, 1982; Yamoah et al., 1986c).

Conclusions

No significant changes were observed in soil organic

C, KCl-extractable N, CEC and bulk density after three

years. This was so with or without alley cropping of

Leucaena leucocephala and Cassia siamea. The low amounts of

mulch obtained from the hedgerows (coupled with the

relatively high rate of decomposition of the mulch) appeared

to be the main limitation to significant improvements in the

levels of the soil chemical and physical properties

monitored. Although the changes in organic C and total-N

over time were not significant, the small amounts of mulch

(particularly those of leucaena) resulted in significantly

higher relative index of N03" N and NH4+ N availability

compared to the plots with no additions of mulch.



96

With respect to soil P, significant increases were

observed in plots with cassia compared to those with

leucaena at the end of the three years period. Also, plots

with cassia had higher levels of available soil P compared

to the other treatments in the final year of the study. The

higher P level under plots with cassia was attributed to the

considerable increase in the concentration of P in the mulch

of cassia over time. Explanation for the higher

concentration of P in cassia mulch compared to that of than

leucaena is a matter of speculation; some hypothesis are

differences in root to shoot ratios, mycorrhizal

association, microbial population and activity (e.g., P-

solubilizing bacteria).

The limited amount of mulch available from the

hedgerows of leucaena and cassia may have short-term or

immediate benefits on soil fertility, as is evident from the

increases in soil available N and P, but may not have

significant impacts on soil organic carbon. The contribution

of the in situ presence of the hedgerows was not

significant, during the study. Therefore, there may not be

any special advantages, in terms of soil fertility

improvement, from growing the hedgerows within the crop

field.



CHAPTER 4
DYNAMICS OF SOIL FERTILITY CHANGES: RATES OF
DECOMPOSITION, N-MINERALIZATION AND UPTAKE BY

MAIZE FROM MULCH OF LEUCAENA LEUCOCEPHALA
AND CASSIA SIAMEA UNDER SEMIARID CONDITIONS

AT MACHAROS, KENYA

Introduction

The use of leguminous plants as a source of nitrogen

for crops is particularly important in many parts of the

tropics where fertilizer use is often economically not

feasible. Agroforestry practices, and in particular alley

cropping or hedgerow intercropping is a technology that is

often mentioned as having the potential to improve soil

fertility and productivity in the tropics (Kang et al.,

1990) . One of the basic principles of the management of

alley cropping is the periodical pruning of the hedgerows to

reduce their shading and competition with the food crops

(Kang et al., 1985). The prunings left as mulch on the

surface between the hedgerows are claimed to improve the

physical, chemical and biological properties of the soil

(Kang et al., 1984). The contribution of the plant residues

to the fertility of the soil will largely depend on the

amount of biomass so applied and on its rates of

decomposition.

The decomposition of plant residues is known to be

primarily affected by the N content of the biomass (Campell,

97
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1983) and the organic components, such as lignin (Alexander,

1977, Herman et al., 1977), polyphenols (Vallis and Jones,

1973; Palm and Sanchez, 1991) and soluble carbohydrates

(Cheshire et al., 1974; Wieder and Lang, 1982), and by

environmental and management factors (Wilson et al., 1986).

The rates at which mulches decompose have important

implications on soil organic matter and N dynamics. Slowly

decomposing materials may increase soil organic matter, at

least in temperate conditions (Dehaan, 1976; Silvapalan,

1982; Kelly and Stevenson, 1987) but crop yields may decline

due to insufficient availability of N. On the other hand,

fast decomposing materials may provide a short-term increase

in N but may have little effect on the maintenance of soil

organic matter content (Vine, 1953; Stevenson, 1986). Even

from fast decomposing mulches, the efficiency of nutrients-

use, in particular of N, by crops is low compared to

inorganic fertilizers (Fox et al., 1990; Gutteridge, 1992).

Most field studies of decomposition of hedgerow

prunings or mulches have been made in the humid tropics

(Yamoah et al., 1986a; Swift et al. 1981; Palm and Sanchez,

1991). Similar studies in the semiarid tropics are scarce.

Although some field studies on decomposition of hedgerow

prunings have been conducted in the semiarid tropics

(Mugendi, 1990), they have not considered characterization

of plant and environmental factors that regulate the

process. There could be similarities in the patterns and

rates of decomposition of prunings in the humid and semiarid
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tropics, but equally, there could be differences caused by

sheer differences in climate. Moreover, differences in the

quality of the mulch (e.g., ratio of leaves to twigs as well

as nutrients, polyphenols and lignin content) and management

practices (e.g., soil incorporation or surface placement)

could cause differences in the patterns and rates of

decomposition between sites. An understanding of the effect

of these factors on mulch decomposition could provide

guidelines for increasing the efficiency of N-use by crop

from mulches and to sustain soil fertility in the semiarid

tropics.

The objectives of this study were three-fold:

1. To evaluate the effects of soil placement methods

(i.e., incorporation vs surface placement) on the

rates of decomposition of Leucaena leucocephala

and Cassia siamea mulch under field conditions.

2. To determine the impacts of the mulch quality

(i.e., nutrient content, percent lignin and total

soluble polyphenols) on the rates of decomposition

and N mineralization.

To evaluate the potentials for synchronizing mulch

N-mineralization and uptake by maize.

3.
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Materials and Methods

Site Description

The study was conducted for two cropping seasons of

1991 at the Field Station of ICRAF located at Machakos,

Kenya (latitude Io 33' S and longitude of 37° 14' E and 1596

m elevation; mean annual temperature, 19°C). In the first

season, the total rainfall was 214 mm while that of the

second was 373 mm (Fig. 4-1). These monthly totals,

however, do not reveal the considerable variations that

occur within and between seasons. Monthly rainfall equals

or exceeds evapotranspiration only in April, May and

November. The general characteristics of the soils of the

study site, and in particular, that of the top soil (0-20

cm) are described in Chapter 3.

Methods

Field and laboratory studies

Field studies were carried out for both seasons of

1991 in alley cropping plots of leucaena and cassia. Maize

(Katumani Composite cv.) fertilized at the rate of 40 and 18

kg/ha of N and P, respectively, was planted in the alleys

between the hedgerows in both seasons.
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Figure 4-1. Monthly rainfall and mean temperature
during the study, 1991.
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Treatments

In the first season, decomposition patterns of soil

incorporated mulch (leaves plus twigs) of leucaena and

cassia were evaluated. A randomized block design with three

replications was used. On March 23, 1991 (which was the

beginning of the first season), fresh mulch samples of

leucaena and cassia weighing 50 g (20 g dry weight) were put

into litter bags (33 x 33 cm with 5 x 5 m mesh size) and

incorporated into the soil at a depth of 10 cm. The twigs

had diameters ranging from 5-10 mm. At that time, no

rainfall had yet occurred. The mulch was obtained from the

hedgerows at the end of the dry season. Senescence of the

leaves and/or low production of new foliage reduced the

proportion of leaves to twigs to 1:1 (w/w). During the

rainy season, however, the leaf ratio of the mulch would be

expected to be more.

In the second season, mulch of similar composition as

in the first season was soil incorporated on October 24,

1991. Some additional treatments were included in this

season. These were

1. Litter bags of mulch (leaves plus twigs) placed on

the soil surface and soil incorporated;

Soil incorporated and surface placed twigs (i.e.,

excluding the leaves) in litter bags;

2.
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3. Bundles of twigs tied with a nylon string (no

litter bags) incorporated into the soil and placed

on the surface, and

4 Soil incorporated filter paper in litter bags.

The split-plot design had the species as the main-plots and

the placement methods of the mulch (i.e., soil incorporated

or surface applied) as the subplot treatments.

The purpose of the nylon tied twigs treatment was to

determine to what extent the litter bags influenced the

rates of decomposition. Whatman No. 2 filter paper, chopped

into small pieces, which is pure cellulose with practically

no N, was used to determine the importance of C:N ratio of

the mulch relative to the organic compounds (e.g., lignin

and polyphenols) in influencing rates of decomposition.

In both seasons, mulch similar in composition to the

soil incorporated or surface-applied was analyzed in the

laboratory to determine dry matter and nutrient contents.

The litter bags and nylon-tied twigs were retrieved from the

field every two weeks for a total period of 18 weeks.

Sufficient numbers of bags were used to allow the removal of

a bag after every two weeks. Once retrieved, the bags were

wrapped in a plastic sheet to minimize losses during

transportation from the field to the laboratory. In the

laboratory, soil and debris adhering to the mulch were

removed carefully with a toothbrush and a soft paint brush.
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The mulch was then sorted into leaves and twigs. Dry weight

of each component was recorded after oven drying at 65°C for

48 hours.

Ash-free dry weight of the mulch retrieved from the

soil was obtained following combustion of the mulch to ashes

in a muffle furnace at 550°C for 3 hours. Fresh mulch was

also ashed to determine initial ash content. The following

formula after Cochran (1991) was used to calculate ash-free

dry weight and percent N: Corrected dry weight = Dry weight

-increase in total residual ash over the ash content of the

fresh mulch.

To determine the contents of nutrients, the mulch was

oven-dried at 65°C for 24 h before weighing. It was then

ground to pass through a 0.2 mm screen, thoroughly mixed,

and sub-sampled for total-N analysis (three replicates),

according to micro-Kjedahl acid digestion procedure

(Jackson, 1958) modified for plant materials. Plant

materials of known N-concentrations from the archives of the

National Dryland Research Station Laboratory, Machakos,

Kenya, were included in the analyses to check the accuracy

of the analytical procedures. In the first season,

determination of N concentration was done only at the start

and end of the study. In the second, however, N

concentration of the mulch was determined at each time it

was retrieved from the soil. Carbon (C) content of the

mulch remaining undecomposed after every two weeks was not
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determined but assumed to be 50% of the ash-free dry weight

of the mulch. From the contents of C and N in the mulch,

the ratio of C:N was determined.

Acid digestible lignin and ash concentrations were

determined by the Van Soest method (Van Soest, 1968). Total

soluble polyphenols were determined at the Natural Resources

Institute, United Kingdom, using a revised Folin-Denis

method (King and Heath, 1967). This involved extraction of

the leaves, twigs and combined leaves plus twigs in 50%

aqueous methanol for two hours in water bath (80°C). The

materials had previously been air dried for two days and

stored under room temperature before analysis. Extraction

and determination of polyphenol were carried out in

duplicates for each sample, using tannic acid supplied by

Sigma Chemicals as a standard. Total soluble polyphenols

are expressed as percent of tannic acid equivalents. The

chemical and physical characteristics of the mulch used are

shown in Table 4-1.

Pot studies

Pot studies were initiated in January 1992, to

determine interactive effects of mulch quality of the two

species and the seasonal rainfall on the patterns of N-

mineralization and uptake by maize. It consisted of the

application of a factorial combination of four mulch rates

of leucaena and cassia (the equivalents of 0, 2, 4, 8 t



Table 4-1. Chemical
Leucaena

and physical properties
leucocephala and Cassia

of the
siantea

mulch of alley cropped hedgerows of

Leucaena Cassia

Property Leaves Twigs Average Leaves Twigs Average

Nitrogen (%) 4.4 2.6 3.5 4.0 1.7 2.9

Polyphenols (%) 6.9 2.4 4.7 5.5 1.9 3.7

Lignin (%) 5.4 10.8 8.1 6.8 9.9 8.4

Ash (%) - - 7.1 - - 5.8

C:N ratio 11 19 14 13 29 17

NOTE: It was assumed that 50% of the mulch material was carbon.
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ha"1) and two levels of irrigation (i.e., the equivalents of

200 and 400 mm of rainfall received in a cropping season of

16 weeks) to potted maize. Each factorial combination of

species, mulch rate and irrigation levels was replicated
thrice in a completely randomized block design. Pots with

one level of fertilizer, the equivalents of 40 kg N ha"1 in

the form of mono-ammonium phosphate and pots with no inputs

(i.e., mulch or fertilizer) were also included as controls.

In this chapter, only the effects of one of the mulch

rates (i.e., 2 t ha"1, averaged across the two irrigation

levels) is discussed to demonstrate the patterns of mulch-N

mineralization and uptake. The 2 t ha'1 mulch rate was

equivalent to the highest amount of mulch obtained from the

hedgerows in a season and applied to the fields (Chapter 2).

Polythene cylinders (30 cm long and 30 cm wide) closed

at the bottom were used as pots. The pots were filled with

the top 20 cm soil collected and composited from positions
near (0.45 m) and distant (3.5 m) from intercropped hedgerow

plots of leucaena and cassia. Soil in each pot weighed 20

kg when dried to 8% moisture content (w/w) with a bulk

density of 1.53 g cm"3.
To obtain an index of N availability from the mulch,

5 gm of ion-exchange resin (Binkley and Matson, 1983;

Binkley and Hart, 1989) sealed in bags made of plastic

stocking were placed in each pot about 5 cm above the bottom
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of the pot. Separate resin bags were used for anions and

cations.

Three pregerminated seeds of maize were sown to each

pot and thinned to one plant/pot after germination. Four

weeks after sowing, total harvest of both shoots and roots

was made. The pots were then sown for another four

consecutive weeks. At each harvest, the roots were

separated from the soil manually by rinsing and floatation

procedures. The plant materials were then oven dried for 24

h at 65°C, weighed, and ground to pass through a 0.2 mm

opening sieve, and analyzed for N concentration.
After the fourth harvest, the resin bags in each pot

were retrieved from the pots and extracted with 100 ml of 2

molar KCl. Ammonium-N and nitrate-N were determined by

standard Autoanalyzer methods at the Soil Testing Laboratory

of the University of Florida, Gainesville.

Statistical analyses

The NLIN procedure for multiphase regression models of

the SAS (SAS, 1992) was used to determine differences

between the rates and patterns of decomposition and N-

mineralization of the mulches. This procedure models the

response variable, dry matter or N remaining in the mulch,
as a continuous function of time.

The single exponential model Yt = Y0 * e-kt, where Y0 is
the original amount of material applied and Yt the
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proportion of the initial dry matter or nitrogen remaining

after a period of time t (in weeks) was first fitted. A

plot of time against the natural logarithm of this first-
order exponential model (which linearizes the model) was

made for each replicate. The logarithmic plots revealed

that the patterns of dry matter or N loss were biphasic and

a single negative exponential model could not provide the

best fit.

Regression parameters (i.e., the intercept and slope

of each phase) and the spline (meeting) points of the

regression lines of the two phases were then generated for

each replicate of the two species. ANOVA test was then

performed on each of the regression parameters to determine

significance of differences between the regression

parameters of the two species.

For the pot experiment, the GLM procedure of the SAS

(SAS, 1992) was used to test for differences between the
effects of the four treatments (i.e., leucaena mulch, cassia

mulch, fertilizer control and the absolute control) on maize

biomass yield of the pots. The option for repeated measures

ANOVA was included in the GLM procedure to account for the

systematic effects of repeated harvests of biomass from the
same pots over time.

When significant effects of treatments were detected,
means were separated by pairwise contrasts of the LSM
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procedure. Differences between treatments were declared

significant at p = 0.05.

Results

Field Studies: Patterns of Mulch
Decomposition and N-mineralization

In general, the patterns of decomposition of leucaena

and cassia mulch (i.e., leaves plus twigs), the leaves and

twigs separate, as well as the filter paper were biphasic.
The parameters of the two-phase regression lines fitted

(i.e., the intercept, the slopes, the spline point of the

two phases and the coefficients of determinations) of the
mulch material are presented in Table 4-2. With the

exception of leucaena leaves, all other materials had an

initial phase of rapid decline rate followed by a second

phase of comparatively lower rate. Leucaena leaves had only
one phase of decomposition.

Effects of Placement Method:
Soil Surface or Incorporation

Leaves

Significant interactive effects were observed between

species and soil placement method on the rate of

decomposition of the leaves (Fig. 4-2). No significant
difference was detected between the rates of decomposition



Table 4-2. Intercepts, slopes, spline points and coefficients of determination (r2) of
the regression lines for phase one and phase two of Leucaena and Cassia mulch
decomposition.

Decomposition rate (%)
Spline

Intercept Phase one Phase two point

First season

Mulch (incorporated)
Cassia 2.2
Leucaena 2.0

Second season

Mulch (incorporated)
Cassia 2.3
Leucaena 2.3

Mulch (surface)
Cassia 2.3
Leucaena 2.0

Twigs (incorporated)
Cassia 1.0
Leucaena 1.1

Leaves (surface)
Cassia 3.0
Leucaena 2.9

Leaves (incorporated)
Cassia 2.8
Leucaena 3.0

Twigs (surface)
Cassia 1.5
Leucaena 1.3

Filter paper (incorporated) 1.8

12.1 0.1 9.1 0.82
13.8 * * 0.84

11.0 2.0 9.3 0.95
12.5 1.9 7.0 0.97

13.3 2.4 7.9 0.97
16.5 3.2 7.3 0.98

12.3 3.0 8.4 0.96
7.5 2.0 7.4 0.85

11.1 2.4 9.2 0.91
15.5 * * 0.97

13.1 2.3 8.5 0.94
15.5 * k 0.98

11.5 3.2 7.5 0.91
10.5 4.6 8.4 0.77
10.5 5.2 11.1 0.81

NOTE: Mulch refers to leaves plus twigs. * Refers to absence of phase two in the
decomposition pattern of the species.



Figure 4-2. Decomposition patterns of the leaves of Leucaena leucocephala
and Cassia siamea.

Cassia (incorporated): Y = 2.8 - 0.26X - 0.05 (X-8.5); r2 = 0.94.
Leucaena (incorporated): Y = 2.9 - 0.31X; r2 = 0.98.
Cassia (surface): Y = 3.0 - 0.11X - 0.05 (X - 9.2); r2 =
Leucaena (surface): Y = 3.0 - 0.31X; r2 = 0.97.

0.91.
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of leucaena leaves on the surface or within the soil.

Decomposition rate of leucaena leaves was significantly

higher than surface-placed cassia leaves. Soil-incorporated
and surface-placed leucaena leaves had physically

disappeared by weeks 7.5 and 6.5, respectively. The rate

of decomposition of leucaena leaves, averaged across

placement methods, was 15.4% per week, with a corresponding
half-life of 4.5 weeks.

For cassia, soil-incorporated leaves had significantly

higher rates of phase one decomposition than surface-placed
leaves. The rates of phase one decomposition of cassia

i

leaves within the soil and on the soil surface were 13.1%

and 11.1% per week, respectively. Half-lives corresponding
to these rates were 5.3 and 6.2 weeks. Phase two of the

soil-incorporated cassia leaves started at week 8.5 while
that of the soil-surface-placed leaves started at week 9.2.

The differences in the start of phase two decomposition of

the soil-incorporated or surface-placed cassia leaves were

not significant. Also, the rates of leaf decomposition in
phase two of the soil-surface-placed and soil-incorporated
leaves were not significantly different. On average, the
leaves decomposed at a rate of 2.3% per week in the second
phase. Half-life corresponding to the average rate of
decomposition in the second phase was 30.1 weeks.
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Twigs

No significant effects of species or placement methods

on the rate of twig decomposition of both phase one and two

were observed in either season (Fig. 4-3). However, the

ratio of leucaena to cassia twigs remaining over time

provides interesting contrasts between the two species (data

not shown). Leucaena had a higher ratio of twigs remaining

not decomposed than cassia in both seasons and placement

methods. This was most pronounced in the first season when

an average ratio of leucaena to cassia twigs of 1.6:1 was

observed at the end of the study. This would also suggest

that leucaena twigs were more resistant to decomposition

than cassia.

Rates of decomposition of twigs placed outside the

litter bags (Table 4-3) were not significantly different

from those inside the litter bags, regardless of placement

methods.

Mulch (leaves plus twigs)

On the soil surface, the rate of decomposition of

leucaena mulch in the first phase was significantly higher

than that of cassia (Fig. 4-4). Leucaena mulch placed on

the soil surface also had a significantly higher rate of

phase one decomposition than the soil-incorporated mulch in



Figure 4-3. Decomposition patterns of the twigs of Leucaena leucocephala
and Cassia siamea.

Cassia (incorporated): Y = 0.97 - 0.25X - 0.06 (X - 6.5); r2 = 0.96.
Leucaena (incorporated): Y = 1.1 - 0.15X - 0.04 (X - 7.4)*; r2 = 0.85.
Cassia (surface): Y = 1.1 - 0.23X - 0.06 (X - 6.0); r2 = 0.77.
Leucaena (surface): Y - 1.3 - 0.2IX - 0.09 (X - 7.5); r2 = 0.77.

*Indicates presence of significant difference from the other treatments.
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Table 4-3. Decomposition parameters of soil incorporated
and surface placed Leucaena leucocephala and
Cassia
second

siamea
season

twigs outside
of 1991.

the litter bags,

Placement
method/species

Inter¬

cept

Decomposition
rate (%)

Phase Phase
one one

Spline
point
(weeks) r2

Soil incoroorated

Cassia 2.2 10.1 6.0 9.3 0.73

Leucaena 2.4 13.1 2.5 9.3 0.89

Soil surface

Cassia 2.2 7.8 1.3 11.4 0.65

Leucaena 2.2 4.8 2.4 8.3 0.78



Figure 4-4. Decomposition patterns of the mulch (leaves plus twigs) of
Leucaena leucocephala and Cassia siamea after 16 weeks.

Cassia (incorporated): Y = 2.3 - 0.22X - 0.01 (X-11.3); r2 = 0.96.
Leucaena (incorporated): Y = 2.3 - 0.23X - 0.02 (X - 8.0); r2 = 0.95.
Cassia (surface): Y = 2.4 - 0.25X - 0.04 (X - 8.5); r2 = 0.97.
Leucaena (surface): Y = 2.2 - 0.33X - 0.09 (X - 6.0)*; r2 = 0.98.

♦Indicates presence of significant difference from the other treatments.
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the second season. Soil-surface-placed leucaena mulch

decomposed at the rate of 17% per week in phase one, with a

half-life of 4.1 weeks. On the other hand, cassia mulch on

the soil surface had a phase one decomposition rate of 12.5%

per week. The half-life corresponding to the rate of

decomposition of the cassia mulch was 5.5 weeks. In the first

season, only soil incorporation was carried out, hence,

comparison of effects of placement methods was not possible.

Within the soil, the rates of phase one or phase two

decomposition of the two species were not significantly

different in the first season or the second season.

Interaction effects between species and placement methods on

the rates of decomposition in the first phase were also not

significant in both seasons. On average, both species

decomposed at the rate of 11.0% and 11.5% per week in phase

one in the first and second season, respectively. The half-

life corresponding to these rates of decomposition were 6.3

and 6.1 weeks in the first and second season, respectively.

In the second phase, the effects of species, placement

methods and season were not significant. Averaged across

species and placement methods, the rates of decomposition in
phase two were 2.7% per week in the first season and 2.1% per

week in the second season. Half-lives corresponding to these

rates were 25.2 weeks and 33.2 weeks in the first and second

seasons, respectively.

As expected, twigs generally decomposed at significantly
lower rates in phase one than leaves. However, the ratio of
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leaves to twigs remaining over time (data not presented) shows

interesting contrasts that suggest some exceptions to the

generalization. In both seasons, the ratio of leaves to twigs
of cassia mulch remaining over time was consistently higher

than that of leucaena. This was true for both soil-

incorporated and surface-placed mulch. As a result, the rates

of cassia leaf decomposition were often only marginally higher
than those of the twigs. In leucaena, on the other hand, the

ratio of leaves to twigs declined rapidly over time. This is

consistent with the observations of the significantly higher

rate of decomposition of leucaena leaves compared to twigs.

Filter paper decomposition

Soil incorporated filter paper had both phases one and
two rates of decomposition. The rates were similar to those
of the mulch or the twigs incorporated (Table 4-2). Soil
surface placement was not included as a treatment for the
filter papers.

Trends of nitrogen loss from the mulch

The patterns of N loss from the mulch of leucaena and
cassia were similar to those of the dry matter or carbon loss

discussed above. In both species, an initial phase of rapid
rate was observed which declined significantly with time (Fig.
4-5). The rates of N loss of leucaena and cassia mulch in the
first phase of decomposition were 15.9% and 16.9% per week,
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Figure 4-5. Cumulative percent of N mineralized from
soil incorporated mulch of Leucaena leucocephala and Cassia
siamea after 16 weeks.
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respectively. The difference between these rates of mulch-N

release of the two species was not significant. In the second

phase, the rates of N release were significantly lower than
those of the first phase, 6.3% and 3.2% for leucaena and

cassia, respectively. These rates were not significantly

different. The spline points of the regression lines of the

two phases occurred at 8.1 weeks for leucaena and 8.7 weeks
for cassia after incorporation of mulch into the soil. The

difference in the spline points of two species was also not

significant. The half-life of N loss for leucaena and cassia
in the first phase of decomposition were at 4.1 and 4.4 weeks,

respectively.

In the first season, the cumulative mulch-N mineralized

after 16 weeks was 73.7% and 55.5% of the total for leucaena

and cassia, respectively. In the second season, N

mineralization of both species was similar, viz, 98% for each

species. At week four of the second season, 57.5% of the
leucaena and 58.4% of the total cassia mulch-N was

mineralized. Net N-immobilization by the mulch was detected

between weeks 8 and 16 for both species (Fig. 4-6) in the

second season. At week eight, the mulch-N concentration of

leucaena and cassia mulch was 1.7 and 1.9%, respectively,

suggesting that these concentrations of N may be close to the
critical levels for initial net mineralization of incorporated
legume (or below these levels, N-immobilization by soil
microbes may occur).



Figure 4-6. Relationship between the patterns of N release from the mulch
of Leucaena leucocephala and Cassia siamea and biomass yield of maize from four
consecutive crops of maize sown in pots and harvested at an interval of four
weeks.
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Pot Studies; Maize Biomass Yield and
Synchrony of Hulch-N Release

Biomass yield, N yield, apparent N recovery
and relative index of cumulative soil-N

In the first harvest, leucaena-mulch treatment gave

significantly higher yield of maize biomass than the cassia
mulch, fertilizer or control treatments (Table 4-4). In the

second and third harvests, differences between the effects

of treatments on maize biomass yield were not significant^.

In the fourth harvest, the effects of leucaena mulch on

maize biomass yield were significantly higher than the other
treatments. Among the harvests, biomass yields of maize
were low in the first and fourth harvests and significantly

higher in the second and third harvests for all the
treatments.

There was no significant difference in N-concentration
of the maize biomass between treatments in any given

harvest. However, among the harvests, significant

differences between treatments on the biomass N-yield (i.e.,

N concentration x biomass yield) were observed. In the

first harvest, N-yield of maize biomass with leucaena mulch
was significantly higher than that of other treatments.
This was true also of the percent N recovery from the mulch



Table 4-4. Effects of soil incorporated Leucaena leucocephala and Cassia siamea mulch
on the biomass yield, N-concentration, N-yield and N recovery of maize
planted in pots, 1991.

Time after Maize N concen- N-yield Apparent
mulch*/treatment biomass tration of the N

application Treatment/ yield of biomass biomass recovery

(weeks)** mulch (g/pot) (%) (g/pot) (%)

4 Leucaena 4.2 2.9a 0.12a 11.2a

Cassia 2.2 3.1a 0.07b -5.3C

Fertilizer 2.9 2.9a 0.09b 3.6b
Control 2.7 2.8a 0.08b -

8 Leucaena 5.5 3.0a 0.17a 4.6b
Cassia 5.9 2.6b,c 0.15a 0.6°

Fertilizer 5.5 3.0a,c 0.17a 7.1a

Control 5.9 2.6b,c 0.15a -

12 Leucaena 5.4 2.6a 0.14a 9.8a

Cassia 5.0 2.7a 0.14a 11.4a

Fertilizer 5.4 2.3b 0.13a 9.2a

Control 4.6 2.2b 0.10a -

16 Leucaena 4.0 2.3a 0.13a 8.7a

Cassia 2.1 2.0a 0.12a -2.8C

Fertilizer 3.2 2.1a 0.06b 2.5b
Control 2.5 2.2a 0.06b “

a'b'cWithin a week and a column, values with different letters are not significantly
different (p = 0.05).

*Mulch applied was the equivalent of 2 t/ha, dry weight.
**Maize was sown and harvested after 4 weeks repeatedly for a total duration of 16 weeks.

128



129

of leucaena. Apparent N recovery is expressed as percentage

difference between N-yield of the maize biomass with mulch or

fertilizer application and the N-yield of the control

treatment, and then divided by the amount of N applied through

fertilizer or mulch.

In the first harvest, apparent N recovery from the mulch

of cassia was low and, in fact, significantly negative. This

was because of the low maize biomass yield from the cassia-

mulched pots compared to the control pots. Compared to the

first harvest, maize biomass as well as the N-yield of the

biomass of all treatments (including the control) was

significantly higher in the second harvest, resulting in lower

apparent N recovery of N applied compared to the first

harvest. This was most pronounced with cassia (0.6%). The

fertilizer treatment had significantly the highest recovery

(7.1%) of N applied.

In the third harvest, no significant differences were

observed in biomass and N-yield between treatments. In this

season, apparent N recovery rates from the mulch and the

fertilizer treatments ranged from 9.2-11.4 %.

In the fourth harvest, apparent N recovery by the maize

biomass from the mulch of leucaena was significantly higher

than that with cassia mulch or with fertilizer. Because of

the relatively lower maize biomass yield from pots with cassia
mulch compared to those of the other treatments in this
harvest, apparent N recovery from cassia mulch was negative
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and significantly lower than that from the mulch of leucaena

and fertilizer.

Relative Indices of N-availabilitv from the
Mulches; N-accumulation bv Ion-exchanae Resins

After 16 weeks, the index of total-N mobilized from

leucaena mulch was significantly higher than that with cassia

(Table 4-5). Soil with leucaena mulch had significantly

higher levels of nitrate-N index than that with cassia.

However, the differences in the indices of ammonium-N

accumulation between the soil with leucaena andcassia mulch

were not significant. The mulch of both species resulted in

generally higher indices of N-availability than the control

plots. The indices of both total-N and ammonium-N mobilized

were the highest for the soil of the fertilized pots after 16

weeks and lowest in the control pots.

Synchrony between N uptake bv maize
and N mineralization of the mulch

Synchrony (or lack thereof) between the periods of peak
of N release from the mulch of cassia and leucaena with peak

biomass and N-yield of the maize was determined (Fig. 4-6), by

superimposing the N release curves of the soil-incorporated
leucaena and cassia mulch in the second season field

decomposition studies, on the biomass yield of maize from the
pot studies (Table 4-4) for each of the four weekly harvests.
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Table 4-5. Relative indices of cumulative NH4+ N, N03~ N and
total N mobilized after soil incorporation of 2 t
ha*1 equivalents of Leucaena leucocephala and
Cassia siamea mulch in pots with maize, second
season of 1991.

Treatment

nh4- n
(yg/g
resin)

no3* n
(pg/g
resin)

Total N
mineral¬
ized
(pg/g
resin)

Leucaena 66.0* 106.9* 172.9*

Cassia 63.8* 39.9* 103.7b

Fertilizer 124.6b 101.9* 226.5C

Control 35.8C 29.9b 65.7d

*,b'C'dMeans in column followed by different letters are not
significantly different (p = 0.05).
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Averaged across species, 58% of the mulch N was

mineralized in the first four weeks. In contrast, maize

biomass yield and N uptake were highest during weeks 8-12
after mulch or fertilizer application. Hence, the peaks of

N release from the mulch and uptake by the maize were not

matched or synchronized. Although the N release patterns of

the two species were similar, the differential response of
maize biomass yield to the mulch of the two species in weeks

4 and 16 is worth noting. At both times, the biomass yield

of maize was significantly more with leucaena than with

cassia mulch.

Discussion

Patterns of Mulch Decomposition: Effects
of Quality and Soil placement Methods

The chemical properties of the mulch of the two

species including the relatively high polyphenol of leucaena
leaves are withip the range reported by others (Ahn et al.,
1989; Fox et al., 1990; Palm and Sanchez, 1991; Oglesby and

Fownes, 1992). The patterns of biphase mulch decomposition
consisting of an initial phase of rapid dry matter loss
followed by a second phase of lower rate has also been noted

by other workers working with different materials and in
different ecozones (e.g., Parker, 1962; Van der Kruijs et

al., 1984; Swift, 1986; Kumar and Deepu, 1992; and several
others). The first phase reflects the rapid loss of easily
decomposable materials (carbohydrates) and the second phase,
the slow loss of more recalcitrant materials (Wieder and



133

Lang, 1982). Plant structural materials and microbial

products comprise a greater proportion of the recalcitrant
residual mass in the second phase (Cheshire et al., 1974).

The predicted and the observed values of the mulch

remaining not decomposed were regressed well by two-stage

exponential model. This model, which has also been used by
other workers (Howard and Howard, 1974; Hunt, 1977; Lousier

and Parkinson, 1976) has considerable advantages in

providing insights into the process of the decomposition
process over statistical procedures typically used to

analyze decomposition data. Wieder and Lang (1983) provides
a comprehensive critique of the analytical methods used in
examining decomposition data obtained from litter bags.

The general absence of significant differences between
the rates of decomposition of the soil incorporated and

surface placed mulch was unexpected. Other workers have
observed that soil incorporated mulch decomposes faster than

surface placed mulch (Read et al., 1985). Generally, the
rates of decomposition of plant materials are more rapid in
moist wet and warm than in dry conditions (Swift et al.,

1979; Shield and Paul, 1973). Moisture conditions generally
increase with depth from the soil surface. Microbial
activity also increases linearly with increase in soil
water, at least up to 50% of the soil water holding capacity
(Murwira et al., 1990). Extremes of drying and wetting
conditions which cause conditions less favorable for

decomposition (Parr and Papendick, 1978) predominate more on
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the surface than inside the soil. Besides moisture, surface

applied residue may also remain deficient in N for a longer

period than the incorporated residue (Summerell and Burgess,

1989; Cochran, 1990).

In spite of all the favorable conditions for

decomposition within the soil, the lack of significant

difference between the soil incorporated and surface placed

mulch suggest that conditions within and outside the soil

were not drastically different. The litter bags were

incorporated to only 10 cm depth. Also, the litter bags

could have created more humid conditions for the mulch in

the bags compared to the mulch outside the bags (Jensen,

1974). Moreover, the higher soil temperatures on the

surface could also account for the unexpectedly high rate of

decomposition on the surface. Under moist conditions, rates

of decomposition of litter on soil surface correlate well

with air temperature (Williams and Gray, 1974; Witkamp,

1966; Comanor and Staffeldt, 1978; Gholz et al., 1985).

The observation that the rates of mulch decomposition

between the two seasons were similar, in spite of the

significant differences in precipitation, would suggest that
soil incorporation of mulches could be an approach to

enhance the rates of mulch decomposition and availability of

nutrients to crops. Also the effects of wind blowing away

mulch from the fields, particularly before the crop stand

develops sufficient cover could be minimized. However, soil
incorporation is labor demanding. As a management practice
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(and not one done within the schedules of the plowing and

weeding fields), it has to be justified by proportionate

gains in crop yield. Besides, crop response to soil-

incorporated or surface-applied mulch may be inconsistent

between seasons even at the same site as is demonstrated by

the studies of Kang et al. (1981) and Read et al. (1985),

which were both conducted at the International Institute of

Tropical Agriculture (IITA), Ibadan, Nigeria.

Field studies that compare the rates of decomposition

of leucaena and cassia mulches at the same site are scarce.

The rates of decomposition observed in both seasons of the

present study were remarkably similar to those reported by

Budelman (1988) for soil-surface-placed leucaena mulch in

the humid lowland tropics of West Africa. Several other

studies have also reported rates of decomposition of

leucaena similar to those of the present study (Kang and

Duguma, 1985; Weeratna, 1979). Working at IITA, Yamoah et

al. (1986a) noted, however, rates of decomposition of cassia

mulch much lower than those of the present study: in 120

days, 85% of the cassia dry matter had disappeared.

However, in laboratory incubation studies, leucaena has been

observed to decompose faster than cassia (Nyamai, 1992).

Because the rates of decomposition of mulch materials are

influenced by many factors such as site, management ,(e.g.,

soil placement methods) and intrinsic properties of the

mulch, differences as well as similarities between and among

studies are commonly reported and are not surprising. At
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any one site, an understanding of the mulch factors that

regulate rates of decomposition is important.

Mulch Quality and the Rates of Decomposition
and N Mineralization

First phase

The rates of decomposition of the two phases appeared

to be regulated by different factors. In the first phase,

the C:N ratio seemed to be the main factor for both species.

Generally, organic materials with high N concentrations or

narrow C:N ratio decompose and mineralize fast unless

constrained by environmental and plant factors such as

polyphenols (Parr and Papendick, 1978; Vallis and Jones,

1973). The C:N ratios of leucaena and cassia mulch, 11:1

and 13:1, respectively, are below the critical ratio of 33:1

that Bartholomew (1965) had mentioned as the limit beyond

which immobilization may occur. Also, the N concentrations

of the leaves of both species were above the critical level

of between 1.5% and 2.5% that is generally considered as the

minimum level before net mineralization occurs (Allison,

1973; Stevenson, 1986; Fox et al., 1990). As a consequence

of narrow C:N ratio, the rates of N mineralization of the

mulch high with more than 50% of the mulch-N in both species

released within the first four weeks after soil

incorporation. The rates of N-mineralization declined

significantly after eight weeks which would perhaps suggest

occurrence of net N-immobilization.
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The presence of high polyphenol content is reported to

influence the rates of decomposition of leguminous residues

with high N but yet with low decomposition rates (Vallis and

Jones, 1973; Weeratna, 1979; Ladd et al., 1981). Other

suggested factors include polyphenol-to-N ratio (Palm and

Sanchez, 1991; Oglesby and Fownes, 1992) and lignin plus

polyphenol to N ratio (Fox et al., 1990). The concentration

of polyphenol in the leaves of leucaena used in the present

study were high relative to that used by others, for

instance, Palm and Sanchez (1991). However, the rates of

decomposition in the first phase did not appear to be

influenced by the concentration of polyphenols in the

leaves. In fact, leucaena leaves decomposed at

significantly higher rate than cassia leaves, in spite of

the latter's lower polyphenol content. These observations

suggest that polyphenols (and their ratio with N) were

either not important, or that the levels and the types of

polyphenols present in leucaena leaves were not rate

limiting. It is also possible that the polyphenols present

in leucaena and cassia leaves were water-soluble and readily

dissolved from decomposing residues before impacting

negatively on the activities of the decomposer community

(Olson and Reiners, 1983; Baldwin et al., 1983). Thus, the

primary factor regulating the rates of decomposition of the

first phase of both species appears to be narrow C:N ratio,

and not polyphenol or lignin content.
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Second phase

Compared to the first phase, it is less clear what
factors regulated the rate of decomposition in the second

phase. Increased C:N ratio (the C probably being in the
form of lignin) and polyphenols could be involved but the
former appears to provide the best explanation. Two

observations favor high C:N (lignin:N in particular) ratio.
The first is the increasing ratio of twigs in the mixture of

twig and leaves over time in the second phase (data not

shown). In spite of their high polyphenol content relative
to the twigs, leucaena leaves had practically all

disappeared at the start of the second phase. Instead, the
twigs with higher lignin content than the leaves were more

dominant than leaves in the second phase. The second

observation was that leucaena twigs with slightly higher

polyphenol concentration than cassia twigs had rates of twig
decomposition not significantly different from those of
cassia.

In the absence of lignin, wide C:N ratio may not be a

rate limiting factor. This is because the filter paper with
the highest C:N ratio had rates of decomposition not
significantly different from the twigs. These observations
support the argument that the form of C, lignin, must be
taken into account along with the C:N ratio in predicting
residue decomposition rates as reported also by Herman et
al., 1977; Parr and Papendick, 1978.
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Although high lignin:N ratio appears to be an

explanation for the low rate in the second phase compared to

the first of decomposition, an examination of the lignin:N
ratios of the mulch at the start of phase two suggested

either some differences between the two species and/or the

presence of another factor influencing the rate of

decomposition. Mellilo et al. (1982) observed lignin:N
ratio to provide the best prediction of N release from

decomposing plant materials, although several workers have

not found similar relationship (Schlesinger and Hasey, 1981;

McClaugherty et al., 1985; Taylor et al., 1989). At the

start of phase two, the lignin:N ratio of the leucaena mulch

was 6.5:1 while that of cassia was 20:1. The lignin:N ratio

of cassia of 20:1 is within the upper range of the lignin:N
ratio of the plant materials that Mellilo et al. (1982)

used. Therefore, high C:N ratios or more specifically, high

lignin:N ratio, may be the primary factor regulating the

rate of cassia mulch mineralization in phase two.

For leucaena, the lignin:N ratio of 6.5:1 is below the

wide range of plant lignin:N ratios that were studied by

Mellilo et al. (1982) used. Therefore, wide C:N ratio (or

lignin:N ratio) per se may not be a good predictor for

decomposition of leucaena mulch in the second phase. The

polyphenol levels of leucaena twigs were within the range

observed by other workers to limit the rates of

decomposition of some leguminous materials (Palm and

Sanchez, 1991; Oglesby and Fownes, 1992). Given that
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leucaena twigs had slightly more lignin and polyphenol than

cassia, the combined lignin and polyphenol content (Fox et

al., 1990) could explain the lack of significant differences

in the rates of decomposition and N-mineralization of the

mulch (leaves plus twigs) from the two species. This

explanation is based on results from the leaves of only two

species and may not extend to other species whose C:N ratio,

lignin, polyphenol concentration and age are outside the

range considered.

For materials with high N concentration (i.e., narrow

C:N ratio) such as leucaena leaves used in this study or

leaves and small twigs of alfalfa (Medicago sativa L.) the

second phase of decomposition may not even exist or be

undetectable (Fox et al., 1990). Since the phases as well

as their rates of decomposition have important implications

on the availability of nutrients from the mulch to the crop,

it is important to firmly establish the relative importance
of each factor involved. This máy be achieved through a

study involving a wide range of species in which both the

quantity and the quality of the chemical characteristics are

continually monitored.

Implications of Mulch-N Mineralization
Patterns on Uptake; Potentials for Synchrony

Synchrony is said to be achieved when the peaks of N
release of N from the mulch and demand or uptake by the

crop are matched. In the present study, the peaks were
not synchronized as is demonstrated when the patterns
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of N-mineralization of the mulch in the field are

superimposed on the patterns of N uptake and biomass yield

of maize from the pot study. The rates of N release from

the mulch of both species were highest in the first four

weeks application, with 80-85% of the mulch N being

mineralized. After weeks 8 and 6 for leucaena and cassia,

respectively, the rates of N release were on a declining
trend. This would suggest N immobilization, an observation

made also by Oglesby and Fownes (1992). In field

conditions, synchrony may be difficult to establish because

of the dynamic equilibrium that exists between

mineralization and its control by immobilization and losses

through volatilization, denitrification and leaching (Woomer

and Ingram, 1990).

From the pot studies, maize biomass yield and N uptake

were highest in the period spanning 8-12 weeks after mulch

application. Typically, the period between the onset of

flowering or silking is when N requirements by maize is at

peak (Arnon, 1975) or when daily rate of N accumulation is
highest (Sayre, 1955). For a 120-day maize variety such as

the1 one used in the present study, the onset of flowering or

silking occurs between weeks 6 (Bromfield, 1969; Nadar,
1984) and 8 (Hanway, 1962). In weeks 4 and 16, when N

requirements are low, both biomass yield and N uptake of the
plants were significantly lower than those of weeks 8-12.

Split—application of the mulch, timing of application,
and placement method and controls on the quality of the
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residues have been suggested as management practices that

may enhance synchrony between the peaks of supply of

nutrients from decomposing organic residues and demand by

the crop (Read et al., 1985; Yamoah et al., 1986a; Woomer

and Ingram, 1990; Palm and Sanchez, 1991). Implicit in

these suggestions is that prospects of attaining synchrony

are greatest when there is diversity of mulch resources and

when management options are relatively flexible.

Application of the mulch four weeks after sowing the

crop rather than at sowing may under the conditions of this

study have achieved synchrony between the peaks of N release
from the mulch and uptake by the crop. Under the conditions

of the present study, the second pruning of the hedgerows

was generally carried out 4-6 weeks after sowing the crop.

Therefore some mulch was available for application four

weeks after sowing the crop. The timing of pruning would,

however, depend on rainfall conditions of the season,

hedgerow species and the rate of regrowth after pruning. At
the site of the present study, leucaena could yield
substantial amounts of mulch in the second pruning but

cassia could not. However, mulch yield of both species was

highest in the first pruning of the hedgerows at the time of
sowing the crops. While storage of mulch from the first
pruning and its application at later date could be a

suggestion, it may not be a practical proposition to
resource-poor farmers.
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Although the periods of peak release of N from the

mulch (four weeks after application) and uptake by the crop

(eight weeks after sowing) did not coincide, both the

biomass and N yield of the crop was highest eight weeks

after mulch application. This indicates that N mineralized

earlier from the mulch was available to the crop and not

lost as such. Even after 16 weeks post application, crop

response to mulch-N still persisted. These observations are

consistent with those of others that the residual effects of

mulches on crops, even of leucaena leaves that decompose

rapidly, could be significant (Read et al., 1985). This
observation also suggests that the ability of the soil to

retain plant-derived N can be strong compared with the

ability of the crop to take it up, currently or

subsequently, and different loss mechanism to remove it, as

studies by Muller and Sundman (1988) using 1SN have

demonstrated.

The higher apparent N recovery by the crop from

leucaena than from cassia mulch (a total of 34% against 4%

across the four harvests for leucaena and cassia,

respectively) could be due the to the higher N concentration
(20% more) and rate of decomposition of leucaena leaves.
Similar observation has been made by others working with

mulch materials of high and low N concentrations (Fox et

al., 1990). The N recovery rates are, however, low but
comparable to those reported by other workers for mulches of
leguminous trees (Read et al., 1985; Gutteridge, 1992; Fox
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et al., 1990). The low apparent recoveries of N added may

be due to immobilization by soil microbes, especially if th<

N added through the mulch is low (Allison, 1966). This may

explain the negative apparent N recovery from cassia mulch

in week 8. Management approaches that synchronize the peaki
of mulch N mineralization and N uptake by the crop could

enhance apparent recoveries of N by the crop from the littl(

amounts of mulch applied.

Implications of Decomposition Patterns of
Leucaena and Cassia on Soil N and Organic
Matter Build-up

Rapidly decomposing mulches such as leucaena leaves ir

this study or the leaves of Gliricidia sepium (Yamoah et

al., 1986a; Palm and Sanchez, 1991) may provide sufficient 1

for the crop. When applied at high rates and for a long

period, for instance, 8-10 t ha'1 yr'1 dry matter for 6

years, leucaena could also increase soil organic matter

(Kang et al., 1985). Materials with low decomposition rates

(either due to high C:N ratio, lignin or polyphenol

concentration) such as cassia may not provide enough N for

plant growth in the short term, especially when applied in

small amounts, but they may contribute to the build-up of

organic-N and humus in the soil (Yamoah et al., 1986a).

In addition to the many benefits of humus on soil

chemical and physical properties (Swift and Sanchez, 1984),

increase in soil organic matter may provide a low but

continual supply of N in the long term. For leucaena mulch,
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application of a mixture of leaves and twigs could be a

management tool to reduce the rate of decomposition and

hence contribute to soil organic matter build-up.

Conclusions

Decomposition patterns of the mulch of both species
were biphasic, i.e., an initial phase of a rapid rate

followed by a second phase of a lower rate. When soil

incorporated, the decomposition rates of the mulch (leaves

plus twigs) of both leucaena and cassia were similar (about

12% per week in the first phase and 2% per week in the

second phase). However, when placed on the soil surface,

leucaena mulch decomposed more rapidly than cassia mulch in

the first phase of decomposition.

Narrow C:N ratio appears to explain the rapid rates of

decomposition of both species. In the second phase, high
C:N ratio (or lignin) appears to explain best the low rates

of decomposition of both species. In leucaena, however,

polyphenols also seemed to be involved in regulating the

rate of decomposition of the second phase.

Synchrony was not observed between periods of peak

mulch-N release (i.e, four weeks after application of mulch

to the soil) and peak uptake by the maize crop (eight weeks

after sowing). Low apparent recovery of the mulch-N applied

by the crop observed (34% from leucaena and 4% from cassia)

was perhaps a reflection of the poor synchrony between

mulch-N mineralization and uptake by the crop. It is
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concluded that application of the mulch four weeks after the

onset of the rains may help achieve synchrony.



CHAPTER 5
INTERACTIONS BETWEEN MAIZE AND HEDGEROWS OF

LEUCAENA LEUCOCEPHALA AND CASSIA SIAMEA
IN ALLEY CROPPING SYSTEM IN SEMIARID

TROPICS AT MACHAROS, KENYA

Introduction

The promising results of soil fertility improvements

under alley cropping (hedgerow intercropping) in the humid

tropical lowlands (Kang et al., 1990) have caused much

interest in this technology elsewhere. This has

particularly been so in the semiarid tropics where fertility

of the soils are often low and inputs are limited (Steiner

et al., 1988). Studies on alley cropping in the semiarid

tropics, however, indicate significant reductions in crop

yields (Rao et al., 1991; Singh et al., 1989; Nair, 1987).
Below ground competition, particularly between the tree and

the crop is often suggested to be the main limitation to

hedgerow intercropping in the semiarid tropics (Singh et

al., 1989; Ong, et al. 1991; Monteith et al., 1991).

Typically, reductions in crop yields are highest near

the tree hedgerow and they diminish with distance from the

hedgerows (Ong et al. 1991; Duguma, et al., 1988).
Observations of yield increases nearer the hedgerows are also
not uncommon (Sang and Hoekstra, 1987; Huxley et al., 1989;

Ong et al., 1992; Dzowella, 1992). Also, yields of crops may
remain unaffected by the distance from the hedgerows

147
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(Lai, 1989). These inconsistencies of crop performances in

relation to the tree hedgerows suggest some difficulties in

predicting the pattern of interaction between the tree and

the crop. Differences in seasonal rainfall could further

complicate any predicted pattern of tree-crop interaction.

More studies are, therefore, needed to identify factors that

may predict well the pattern of interaction between the tree

hedgerows and the crop in a given state.

Besides site differences, the hedgerow and crop

species used, their management (e.g., height and frequency

of pruning), and the absence or presence of fertilizers are

some of the factors that could alter the pattern of

interaction between the tree hedgerow and the crop. Studies

on alley cropping in semiarid tropics have focused mainly on

leucaena (Rao et al., 1991; Lulandala and Hall, 1990; Ong

et al., 1992). There is need to include more species in

hedgerow intercropping in semiarid areas. Where other

species have been included (Nair, 1987), crop yields were

lowest under leucaena intercrop. Also, there is a general

paucity of information on the relative importance of soil

resources (e.g., soil fertility and water content) on the

potential interaction between the crop and the hedgerows.

In addition to the inclusion of more species, it is

also necessary to characterize the profile of crop yield,

soil chemical, and physical properties (e.g., N, P and water

content) in relation to the position of the hedgerows. Such

studies will determine not only the nature of interaction
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(positive or negative), but also identify possible causes of

the observed interaction, and, in turn, may provide insights

into determining the potentials for as well as management of

alley cropping, particularly in the semiarid tropics.

In consideration of these, this study was undertaken

with the following objectives:

1. To evaluate the yield profile of maize

intercropped with hedgerows of Leucaena

leucocephala and Cassia siaméa in relation to the

distance of the crop from the hedgerows.

2. To assess the relative impacts of soil water and

soil fertility (nitrogen) on the observed profile

of maize yield.

Materials and Methods

Site Description

The study was carried out under rainfed conditions at

the Field Station of ICRAF, located at Machakos, Kenya

(latitude 1° 33' S and longitude of 37° 14' E and 1596 m

elevation). The patterns of rainfall and soil

characteristics of the site are described in Chapter 2.
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Methods

Treatment and layout

Hedgerow intercropped plots of Leucaena leucocephala

and Cassia siamear 6.67 m wide were established in October

1987 in randomized block design with three replication. The

hedgerows were part of a larger experiment involving

comparison of hedgerow intercropped verses block planting

systems (see previous chapters). Unlike the other two

hedgerow spacings (i.e, 4 and 5m), the 6.67 m wide

hedgerows were used for the tree-crop interaction study

because they provided the widest separation of hedgerows.

This was necessary in order to determine the distance of

influence of the hedgerows on crop yield.

Tree and crop management

The trees were planted in October 1987 from 6 month

old seedlings raised in pots. After one year of growth in

the field, the trees were pruned back into hedges of 50 cm

height above ground. This height of pruning was maintained

in all cropping seasons with 2-3 prunings in a season. The

prunings were applied as mulch (with or without

incorporation) to the alleys in between the hedgerow. Maize

was sown in the alleys twice a year.

The maize in the alley was spaced 90 cm between row

and 30 cm with rows. There were seven rows in the alleys
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with the closest one to the hedgerow being only 45 cm away

and the farthest, 3.5 m away. Moderate levels of fertilizer

(40 and 18 N and P kg ha'1' was applied to the maize every

season.

Measurements

Crop

In the last three seasons (i.e., seasons 5, 6, and 7)

out of a total six of the study, the crop was harvested row-

by-row from the alleys of both species and separated into

grain, stalks and stover. Before final harvest, biomass

yield of each crop was determined twice, at 30 and at 60

days after sowing, near and away from the hedgerows.

At harvest, the N and P content of the crop grain,

stalks, and stover of the row nearest the hedge (referred to

as row one) and the row farthest from the hedge (row four)

were also determined. At first sampling (30 days after

sowing), N and P content of samples from the whole shoot

after milling and passing through a 2 mm sieve was

determined. At the second harvest/sampling, N and P content

of the ear leaf was determined. Standard micro-Kjeldahl

method, modified for plants, was used for N analysis; P was

determined with UV visible Spectrophotometer at 450 nm.

One to two days before the first and second harvest

for dry matter assessment, relative water content of the
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samples was determined by the leaf disc procedure

(Weatherly, 1950). This is a measure of the actual water

content of a tissue with reference to the content of water

in the tissue if it were fully hydrated (Bennett, 1990).

Measurement of relative water content by this procedure

requires obtaining three measurements made on the same

sample: fresh weight, turgid weight, and dry weight. Discs
were cut with a corer of 10 mm diameter from the ear leaves

of maize plants growing near and away from the hedgerows.

Fresh weights of the discs were determined immediately.

Turgid weight was determined after the discs had been

immersed in distilled water for 3 hours in darkness. Dry

weight of the discs was determined after oven drying the

discs for 48 hours at 105°C. Percent relative water content

(RWC) was then expressed as:

%RWC = (fresh wt - dry wt/turgid wt - dry wt) x 100.

In addition to the leaf discs, whole plant water

content was determined in the first and second sampling of

each season as the difference between fresh and dry weight

of the whole plants (shoots) harvested (Turner, 1981).

Whole plants near and away from the hedgerows were

harvested, fresh weight recorded immediately and dry weights

after oven drying for 48 hours at 105°C.
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Soil properties

Bulk density of top soil (0-20 cm depth), water

content and water potential, infiltration rate, hydraulic

conductivity, total-N, P, available N and fauna population

were monitored at crop rows 1 and 4 of the intercropped

hedgerows. Bulk density was determined with a 5 cm auger to

a total depth of 20 cm (i.e, 0-5, 5-10, 10-15 and 15-20 cm)

during the last season of cropping. Two soil cores were

taken at each depth and the average taken as the

representative bulk density. Gravimetric soil water content

was determined to 80 cm depth at intervals of 20 cm depths.

In the fifth season, soil sampling was carried out only on

February 15, 1991 (i.e., end of fifth season). In the sixth
and seventh seasons, soil sampling was carried out at the

end of each month including the months of no cropping.

Fresh weights of the soil were determined in the field and

dry weights in the laboratory after oven drying for 48 hours

at 105°C. The difference between fresh and dry weight,

expressed as percent, was taken to represent the gravimetric
water content.

Because of the destructive nature of the gravimetric

sampling method as well as the need to increase the

frequency of monitoring soil water content, tensiometers

(type: Irrometer; Irrometer Co., California) were placed to

15 cm depth at the beginning of the sixth season at crop
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rows 1 and 4 of the intercropped hedgerows. At the time of

tensiometer placement, ordinary thermometers were also

placed at rows 1 and 4 to 10 cm depth.

After harvest of the sixth and seventh season crops,

infiltration rate of water into the soil near and away from

the hedgerows was determined with the double ring

infiltrometer (Landon, 1984). Infiltration rate was

determined twice at each position (i.e., near and away from

the hedgerows) within a plot. At end of the seventh

cropping season, saturated hydraulic conductivity of the

soil was also determined in the field near and away from the

hedgerows using a disc permeameter (CSIRO, 1988).

Hydraulic conductivity was determined at two spots near and

away from the hedgerows. Also, at the end of cropping in

the seventh season, observations were made on the

populations of soil fauna present near and away from the

hedgerows. This involved taking soil monoliths of 25 cm. x

25 cm x 25 cm and hand sorting for macro-invertebrates (body

lengths greater than 2 mm) (Anderson and Ingram, 1989).

Soil monoliths for the fauna counts were taken from two

spots near and away from the hedgerows.

Analyses of total N was by the micro-Kjeldahl method

(Jackson, 1958), organic carbon by the Walkley-Black

procedure (Jackson, 1958), and P by the Mehlich-1 double
acid procedure. Soil samples for N, P and C determination
were collected from the top 20 cm soil profile near and away
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from the hedgerows. Soil analyses were conducted at the

Analytical Laboratory of the Katumani Research Station,

Machakos, Kenya. In addition to total N, relative index of

available N was determined with ion-exchange resin bags

buried to 10 cm depth near and away from the hedgerows in

the last season (seventh) of the study. On retrieval of the

ion exchange resin bags at the end of the cropping season, N

trapped by the resins was extracted with 2 M KC1. Ammonium-

N and nitrate-N contents of the KCl-extract were determined

at the Soil Testing Laboratory of the University of Florida,

Gainesville.

Supplementary Studies

To determine the relative influence of soil water or

fertility (N) on the observed tree crop interaction,

supplementary field and pot studies involving factorial

combination of fertilizer N and irrigation were initiated in

the last season of the study.

Field studies: irrigation and fertilization

Treatments to evaluate the response of maize yield to

N fertilization and irrigation, in combination or alone, was

introduced in small plots that were formerly unplanted

strips between the plots of the main experiment. The

treatments of the experiment were: irrigation only,

fertilization only, irrigation plus fertilization and
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control (no irrigation or fertilization). Each treatment

was replicated thrice in plots of 4 m x 8 m. Amounts of

irrigation water applied was the difference between pan

evaporation losses and rainfall. The plots were irrigated

once a week until harvest. Fertilizer was applied at the

rate of 100 kg N ha-1 at the time of sowing the crop.

Pot Studies: hertilization and
irrigation of soil collected from
near and away from the hedgerows

A factorial combination of three levels of N at

equivalents of 0, 40 and 100 kg N ha'1 season'1, and two

levels of irrigation were chosen as treatments for the pot

studies. Soil was collected from the top 40 cm profile near

(row 1) and away from the hedgerows (row 4) of leucaena and

cassia. The soil was contained in 30 x 30 x 30 cm pots

(polythene bags). Each pot contained 20 kg of soil. Each
of the treatments mentioned above was replicated three times

in randomized block design. Maize (Katumani Composite

variety) was grown in the pots for a total duration of two

months. Total biomass (shoot plus roots) of maize plants in

the pots was harvested and dry matter determined after oven

drying at 105°C for 48 hours.

Irrigation levels applied to the pots were the

equivalents of 100 and 200 mm rainfall in a duration of two

months. This period is half a typical cropping season of

four months. The choice of the 100 mm and 200 mm rainfall
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was based on amounts of rainfall received in the last two

cropping seasons, 214 mm and 374 mm. Hence, the pots

received only half of a season's rainfall. The quantity of

water applied to each pot was determined as the quantity

required to replenish loss of "available soil water," i.e.,

the difference between field capacity and wilting point.

For the 100 mm rainfall equivalent, the amount of water

required per pot corresponded to the application of 0.2

liters of water a day; for the 200 mm rainfall equivalent,

the level was 0.4 liters a day. The pots were irrigated

twice a week.

Statistical Analysis

ANOVA of split-plot design was used. For the field

studies of the two species involving measurements near and

away from the hedgerows, the option for repeated measures in
the GLM procedure of the SAS (SAS, 1991) was included.

Repeated measures option was necessary in order to adjust
for the fixed (as opposed to random) effects of crop

positions from the hedgerows and/or seasons. Analysis of
the data from the pot studies was similar to that for field

study described above since the soil was collected from

fixed positions near and away from the hedgerows.

In the field study involving irrigation and

fertilization, standard ANOVA of randomized block design was
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performed. In all analyses (i.e., field as well as pot

studies), pairwise comparison of Least Square Means were

used to test significance of differences between treatment

means (p « 0.05).

Results

Crop Yield Profiles

The row-by-row maize grain yield profiles of the three

seasons of the study are shown in Figures 5-1 to 5-3. An

overall ANOVA of the combined data of the three seasons

revealed significant interaction effects of season x tree

species x row distance from the hedgerow on yield. Hence,

separate analysis for each season was done to determine the

main effects of species and row-spacing on grain yield.

In season five, only main effects of species was

observed (Fig. 5-1). Maize yield of any row in association

with cassia was significantly higher than the row yields

with leucaena. Effects due to distance of crop rows from

the hedgerows were significant. Averaged across rows, maize

yield under cassia was 28% higher than the yield of the rows

under leucaena. In this season, mean yield of the rows of

the sole-crop (fertilized) was, on average, 26% higher than

the yield under leucaena and 11% lower than yield under

cassia.
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Nearest hedgerow Farthest from hedgerow

Figure 5-1. Maize yield response to distance from
alley cropped hedgerows of Leucaena leucocephala and Cassia
siamea, 1990 short-rains. Vertical bars indicate standard
error of difference of means.
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Figure 5-2. Maize yield response to distance from
hedgerows of Leucaena leucocephala and Cassia siamea, 1991
long-rains. Vertical bars indicate standard error of
difference of means.
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Figure 5-3. Maize yield response to distance from
alley cropped hedgerows of Leucaena leucocephala and Cassia
siamea, 1991 short-rains. Vertical bars indicate standard
error of difference of means.
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In season 6, significant main effects of both species

and row distance from the hedgerows were observed (Fig. 5-

2). Interaction effects were not significant. As in the

first season, yield of rows under cassia was significantly

higher than those under leucaena. On average, the

difference was 49%. Compared to the sole crop (fertilized),

yield under cassia, averaged over all the rows, was 5% lower

while that under leucaena was 51% lower. With respect to

the effects of row distance from the hedgerows, grain yield

declined significantly with distance from the hedgerows of

both species.

In season 7, no significant effects of interaction

between species and row distance of crops from the hedgerows

was observed. Main effects of species and distance of the

maize rows from hedgerows were significant. Maize yield

declined in a significantly linear manner with distance from

the hedgerows of both species (Fig. 5-3). On average, maize

yield under cassia was 2% and 18% higher than under sole

crop and leucaena hedgerows, respectively. Therefore, the
maize yield under leucaena was 16% lower than that of the
sole crop.

Averaged over all the three seasons, the first row of
maize next to the hedgerows was 7% and 12% more productive
than the next row in leucaena and cassia, respectively.

When averaged over the sixth and seventh seasons (when

significant trends of yield declines with distance from
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the hedgerows), the first maize row next to the hedgerows

was 15% and 21% more productive under leucaena and cassia,

respectively, than the next row.

Crop Nutrients (N and P) and
Water Content Measurements

No significant effects were observed due to distance

of crop rows from the hedgerows of both species on N and P

content of the crop grain. Similarly, there was no

significant difference in N and P content of the biomass of

maize sampled before final harvest of the crop in all the

three seasons. For example, in the sixth season with very

low rainfall, biomass N of maize near and away from the

hedgerows was not significantly different (Table 5-1).
At the time of maize biomass sampling in the sixth

season, maize was severely stressed by drought. This

observation was most pronounced away from the hedgerows. It

was then hypothesized that at the time of maize stress,

plants near the hedgerows would have higher water content
than those away from them. However, there were no

significant differences in water content of plants near or

away from the hedgerows (Tables 5-2 and 5-3). Nevertheless,
trends of higher water content in plants near the hedgerows

than those away from them were detectable.

Differences in plant water content were more apparent

between plants under the two hedgerow species than between

positions of plants within a given hedgerow species. For



164

Table 5-1. Nitrogen content of 30 day-old maize shoots
(leaves plus stalks) sampled near (0.45 m) and
away (3.5 m) from alley cropped hedgerows of
Leucaena leucocephala and Cassia siamea, fifth
season, 1991.

N content (%)

Species
Near

(0.45 m)
Away

(3.5 m) Mean

Leucaena 3.3 .3.3 3.3a

Cassia 3.1 3.2 3.2a

Mean 3.2“ 3.3a 3.3

‘Means in a column
not significantly

and row followed
different (p = 0

by the same
.05) .

letters are
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Table 5-2. Relative water content of flag leaves of maize
plants sampled near (0.45 m) and away (3.5 m)
from alley cropped hedgerows of Leucaena
leucocephala and Cassia siamea on April 26, 1991
(sixth season).

Water content m

Near Away
Species (0.45 m) (3.5 m) Mean

Leucaena 40.2 .34.1 37.2a

Cassia 48.7 46.8 47.8b

Mean 44.4a 40.5a 42.5

a,bMeans in a column and row followed by the same letters are
not significantly different (p = 0.05).
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Table 5-3. Water content of whole maize plants sampled near
(0.45 m) and away (3.5 m) from alley cropped
hedgerows of Leucaena leucocephala and Cassia
siamea hedgerows, sixth season, 1991.

Water content (%)

Near Away
Species (0.45 m) (3.5 m) Mean

Leucaena 81.0 79.3 80.2a

Cassia 86.6 83.0 84.5a

Mean 83.5 81.2 82.3

aMeans in a column and row followed by the same letters are
not significantly different (p *= 0.05).
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instance, water content of the discs (or discs cut from the

leaves of maize plants) under leucaena was significantly

lower during the dry season than those under cassia (Table

5-4). In the seventh season, when rainfall conditions were

normal, no significant difference in plant water content

near and away from the hedgerows or between species was

observed (Table 5-5).

N content of maize grain from the two hedgerow species

treatments was not significantly different (data not

presented), although a difference of 19% was detected in the

N concentration of the sixth season grain harvest from the

two treatments.

Soil Physical and Chemical Properties

Of the various soil physical and chemical properties

monitored, significant differences due to the effects of the

hedgerow species or of distance of crop rows from the

hedgerows were detected in: (a) bulk density, (b) rates of

water infiltration, (c) hydraulic conductivity (saturated)

of the soil, (d) gravimetric water content, (e) soil

temperature, and (f) soil fauna. Bulk density of top soil

(0-5 cm) near the hedgerows was significantly lower than

away from them (Fig. 5-4). This was so only under leucaena,

not cassia. Also, below 5 cm depth, difference in soil bulk

density near and away from the hedgerows was not

significant.
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Table 5-4. Relative water content of flag leaves of maize
plants sampled near and away from Leucaena
leucocephala and Cassia siamea hedgerows on May
28, 1991 (sixth season).

Water content (%}

Species
Near

(0.45 m)
Away
(3.5 m) Mean

Leucaena 28.3a 45.3b 38.8

Cassia 58.4a 55.4b 56.9

Mean 43.4 50.4 46.9

a,bMeans in a row followed by the same letters are not
significantly different (p = 0.05).
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Table 5-5. Relative water content of flag leaves of maize
plants sampled near (0.45 m) and away (3.5 m)
alley cropped hedgerows of Leucaena leucocephala
and Cassia siamea on January 6, 1991 (seventh
season).

Water content (%)

Near Away
Species (0.45 m) (3.5 m) Mean

Leucaena 31.6 o•om 30.8“

Cassia 31.3 34.8 33.0“

Mean 31.4“ 32.4“ 31.9

“Means in a column and row followed by the same letters are
not significantly different (p = 0.05).
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Figure 5-4. Bulk density of top 5 cm soil profile
near (0.45 m) alley cropped hedgerows of Leucaena
leucocephala and Cassia siamea, 1991 short-rains.
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For infiltration rates, main effects of species were

not significant (Fig. 5-5). The rates of infiltration of

water near the hedgerows of both species were significantly

higher than away from them.

Significant interaction effects were observed between

tree species x distance of crop rows from the hedgerows on

hydraulic conductivity of the soil (Table 5-6). The rates

of hydraulic conductivity near the hedgerows of leucaena

were significantly higher than away from them; in cassia,

the differences were not significantly different.

With respect to gravimetric water content of the soil,

only the main effects of species were significant in any

given date of measurement. Effects of the distance of crop

rows from the hedgerows on soil water content were not

significant. At all dates of measurements, soil water under

cassia was consistently higher than under leucaena. This

was particularly so at soil depths below 20 cm (Figs. 5-6
and 5-7) and was most pronounced in the sixth season when

rainfall was below normal. In the fifth and the seventh

seasons when rainfall was normal, no significant difference

was observed in soil water content under the two species.

At the end of the seventh season, soil water content at all

depths was significantly higher under cassia except at 0-20
cm depth.

In the top 0-20 cm soil depth, gravimetric water

content was generally higher near the hedgerows than away
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Figure 5-5. Infiltration rates of water into soil
near (0.45 m) and away (3.5 m) from alley cropped hedgerows
of Leucaena leucocephala and Cassia siamea, 1991 short-
rains .
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Table 5-6. Saturated hydraulic conductivity of soil near
and away from alley cropped hedgerows of
Leucaena leucocephala and Cassia siamea, March
1992 (season seven).

Species

Hvdraulic conductivitv (mm hr'M

Mean
Near

(0.45 m)
Away
(3.5 m)

Leucaena 256.0“ 174.6b 215.3

Cassia 129.4“ 152.8“ 141.1

Mean 192.7“ 163.7* 178.2

“Means in a row followed by the same letters are not
significantly different (p = 0.05).
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Figure 5-6. Soil water near (0.45 m) alley cropped
hedgerows of Leucaena leucocephala and Cassia siamea
determined at the end of 1991 long-rains.
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v

Water Content (%)

Figure 5-7. Soil water near (0.45 m) alley cropped
hedgerows of Leucaena leucocephala and Cassia siamea
determined at the end of 1991 short-rains.
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from them (Fig. 5-8). Differences between the effects of

species was not significant. In spite of the trends of

generally higher water content near the hedgerows than away

from them, significant difference was, however, noted in

only August, November and December.

With respect to the tensiometer readings (Fig. 5-9),

no significant differences were observed between the effects
of species or position of the crop row relative to the

hedgerow on soil water potential at 0-15 cm depth. This was

so whether or not daily readings or monthly averages were

considered. As expected, however, soil moisture potentials
were higher (negative) during the dry season (e.g., August)
and less negative during the rainy season (e.g., May and

December).

During the dry season (February and June-September)

soil temperature away from the hedgerows was always

significantly higher than that near the hedgerows

(Fig. 5-10). This was so at both 10:00 hrs and at 14:00
hrs. In the dry season, the difference between soil

temperature near the hedgerows and away from them could be
as high as 3°C. In the rainy season (e.g., May and October
to December), the differences were not significant.

Differences between the effects of species on soil

temperature near and away from the hedgerows were not

significant.
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Month

Figure 5-8. Difference in gravimetric water content
(%, w/w) between soil sampled at 0-20 cm depth near (0.45 m)
and away (3.5 m) from alley cropped hedgerows of Leucaena
leucocephala and Cassia siamea in the long- and short-rain
seasons of 1991.
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Figure 5-9. Monthly average reading of tensiometers
placed in the soil at 15 cm depths near (0.45 m) and away
(3.5 m) from alley cropped hedgerows of Leucaena
leucocephala and Cassia siamea in the long- and short-rain
seasons of 1991.
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Figure 5-10. Difference in mean monthly temperature
of top soil (10 cm) measured near (0.45 m) and away (3.5 m)
from alley cropped hedgerows of Leucaena leucocephala in the
long- and short-rain seasons of 1991. Vertical bars
indicate standard error of difference of means.
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Soil Fauna

Total count of soil fauna was significantly higher

near the hedgerows compared to away from the hedgerows (Fig.

5-11). Soil fauna commonly observed included termites, wood

lice and millipedes; earthworms were absent.

Supplementary Studies

Field study: effect of irrigation and N
fertilizer on maize yield

A significant response to irrigation was observed

(Fig. 5-12). There was no response to increasing rates of N

application. These observations suggest that maize yield at

the site was limited more by soil moisture and less by soil

N.

Pot Study; effects of factorial combination
of irrigation and fertilization on yield of
maize grown on soil collected from near and
away from the hedgerows

No significant 2- or 3-way interaction effects of N

rates, water levels and soil source (i.e., near or away from

the hedgerows) were observed. The effect of soil source

(i.e., near or away from the hedgerows) on maize yield was

not significant. However, main effects of the N rates and
the irrigation levels were significant. Biomass yield of

yield of maize was not significant. Main effects of the N
rates and the irrigation levels were, however, significant.
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Species

Figure 5-11. Counts of fauna in 25 x 25 x 25 cm top
soil monoliths taken near (0.45 m) and away (3.5 m) from
alley cropped hedgerows of Leucaena leucocephala and Cassia
siamea at the end of 1991 short-rain season.
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Figure 5-12. Effects of irrigation and
in combination or alone, on maize grain yield
(no alley cropping with hedgerows of Leucaena
and Cassia siamea), 1991.
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Biomass yield of maize in the pots increased in a

significantly linear manner with increase in N rates (Table

5-7), irrespective of the source of the soil in the pots,

i.e., near or away from the hedgerows, suggesting that the

status of the soil N near the hedgerows and away from them

was similar.

With respect to the two levels of irrigation, biomass

yield of the maize increased significantly in all pots with

increase in water (irrigation) level. Biomass yield of

maize from pots with the equivalents of 200 mm rainfall was

significantly higher than those with the equivalent of 100

mm.

Discussion

Crop Yield Profile and Explanatory Factors

The decline observed in maize grain yield with

distance from the hedgerows of both species has also been

reported by others at the ICRAF Field Station, the site of

the present study (Sang and Hoekstra, 1987; Mungai, 1991;

Ong et al., 1992). The general trend of higher yield near

the hedgerows is also comparable to observations of enhanced

production of grasses near single trees, a typical
observation in many semiarid ecozones (Radwanski and

Wickens, 1967; Belksy et al., 1989; 1992; Wilson et al.,

1990). The increase in yield nearer the hedgerows was most

pronounced in the second and third seasons. In these
f
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Table 5-7. Effects of three nitrogen rates and two
irrigation levels on the biomass yield of maize
after ywo
1991.

months growth in pots, seventh season,

Nitrooen rates (q oot'M
Irrigation
equivalent (nun) 0 0.64 1.3 Mean

100 32.6 40.8 53.6 42.3a

200 44.5 56.3 67.1 56.0b

Mean 38.6 48.6 60.4 49.2

NOTE: Soil in the pots was collected from near (0.45 m) and
away (3.5 m) from the hedgerows. Soil source did not
significantly affect maize biomass yield. Hence, the
means presented are averaged across soil sources.

*,bMeans in a row and column followed by the same letters are
not significantly different (p = 0.05).
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seasons yield declined in a significantly linear trend with

increasing distance from the hedgerows. It was particularly

interesting to observe higher yield nearer the hedgerows in

the second season when rainfall was below normal (only 214

mm compared to the normal 350 mm) .

In previous studies on the reasons for microsite

enrichment by trees (Tiedemann and Klemmedson, 1977; Patten,

1978; Kellman, 1979; Joffre, 1988; Bellksy et al., 1989;

Coleman et al, 1991), higher concentrations of nutrients,

improved soil physical properties, higher microbial biomass

and densities of nematodes, lower temperatures, lower

evapotranspiration rates and higher soil moisture levels are

some of the factors attributed to the higher production of

forage under the canopy of single trees. All or a

combination of some of these factors could equally explain

the higher maize biomass yield near the hedgerows. However,

enhanced soil moisture levels appeared to be a particularly

strong factor than enhanced soil fertility (i.e.,

concentration of nutrients). Two lines of evidence support

this argument. First is the lack of significant response

to fertilizer N application in terms of maize yield whether

grown in pots with soil collected from near or away from the

hedgerows, suggesting that soil N was not a limiting factor
for maize yield. Total N or KCl extract-N contents of the
soil near and away from the hedgerows were not significantly
different. Secondly, the field irrigation studies showed,
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as in the pot studies, significant responses mainly to

irrigation, and only little to N-fertilization. For

instance, plots with irrigation-only (no fertilizer) had

yields of maize not significantly different from those with

a combination of irrigation and fertilizer. Also yield of

plots without irrigation but with fertilizer-only and those

without fertilizer (i.e., the absolute control) were not

significantly different. Thus, soil moisture rather was the

more serious limiting factor for maize production than soil

fertility.

The hedgerows could have differentially influenced

microclimatological conditions near and away from them. For

instance, atmospheric vapor pressure deficit (VPD) could

have been reduced more near the hedgerows than away from

them. However, this difference could be small as Monteith

(1991) observed from alley cropping studies from semiarid

India. Since dry matter production: water use ratio is

inversely proportional to VPD (Monteith, 1990), it is

possible that reduced VPD near the hedgerows, resulting from

shelter and lower soil temperatures observed near the

hedgerows, could have contributed to the higher yield of

maize near the hedgerows than away from them.

The higher yield of maize near the hedgerows would

also suggest that total amount of nutrients taken up (i.e,

concentration x biomass yield) was higher near the hedgerows
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than away from them. Therefore, the availability of

nutrients should be higher near the hedgerows than away from

them (although significant differences were not measurable).

With relatively more soil moisture content near the

hedgerows, uptake of nutrients by the plants near the

hedgerows was probably enhanced. Typically, an increase in

soil moisture results in a corresponding increase in the

uptake of nutrients (Tisdale and Nelson, 1975). Also, the

less compacted soil (low bulk density) near the hedgerows

could have contributed to an increased uptake of nutrients.

It is possible, therefore, that besides enhanced soil

moisture, the presence and/or availability of more nutrients

near the hedgerows was a contributory factor to the higher

maize yield observed near the hedgerows than away from them.

The presence of more roots near the hedgerows could have

enhanced availability of nutrients more near the hedgerows

than away from them not only through root death and

subsequent mineralization but also through the effects of

root exudates in mobilizing nutrients from insoluble

materials.

Soil Water Status Near and Away
from the Hedgerows

Top soil (0-20 cm) gravimetric water content was

generally higher near the hedges than away from them. This
was so during all months of sampling, although a

statistically significant difference was detected in only
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three months (August, November and December). At soil

profiles below 20 cm, however, no trend was observed of

higher water content near compared to away from the

hedgerows, suggesting that the influence of the hedgerows

was probably confined more to the top soil and less to the

sub-soil.

One explanation for the lack of significant

differences in top soil (0-20 cm) water content near the

hedgerows and away from them could be the higher

transpirational loss associated with the high yield near the

hedgerows. The magnitude of water loss through

transpiration could have been large enough to result in
similar levels of soil water content near the hedgerows.

Away from the hedgerows, the yield of the crop was low,

therefore transpirational loss was equally low. Also,

complete or partial closure of stomates, an adaptive
mechanism of plants under water stress (Slatyer, 1967),

could have minimized losses of water from soil distant from

hedges. If these physiological processes were indeed

operational, their net effect could result in similar levels
of soil water content near and away from the hedgerows.

Also, the lack of significant differences observed in the
relative water content of plants (or of leaf discs) near the

hedgerows and away from them is probably a reflection of the
high and low consumptive use of soil water by the crop near
and away from the hedgerows.
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While trends (at times significant) of higher water

content near the hedgerows were detected with the

gravimetric method, similar trends were not observed with

the tensiometers placed at 15 cm depths. Tensiometers

measure water potentials of the soil at or close to the

point of placement of the porous cup tip. They do not

measure or include the water content of the soil above the

depth of placement. On the other hand, the gravimetric

method integrates the whole depth of the soil considered.

The differences in the mode of operation of the two methods

could explain the apparent discrepancy in the results

obtained with the two methods. The differences also

suggested that gravimetric methods would be recommendable
over tensiometer methods for soils with limited water

content. This is because the gravimetric method integrates

more volume of soil and hence is sensitive enough to detect

small quantities of soil water rather than tensiometers.

Water status near the hedgerows could have been

enhanced in several ways. High infiltration and hydraulic

conductivity were probably the principal processes. Other

studies also show that the hedgerows could physically

intercept as much as 20% of the season's rainfall (Monteith
et al., 1991), especially where the hedgerows are planted

perpendicular to the direction of the prevailing winds.
Under conditions of moisture stress, rainfall intercepted by

the hedgerows could increase yield of the hedgerows and,
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therefore, increase yield of crops adjacent to the hedgerows

while that of the distant crop is reduced. In addition, the

protective effects of hedgerows could reduce soil loss and

runoff (Rao et al., 1991) and could enhance soil water

content near the hedgerows. It is feasible that the

hedgerows had significant barrier effects since the plots of

the present study were on land with a 3%-5% slope.

Reduced runoff has been suggested by others to explain

an increased yield of crops observed near hedgerows on

sloping lands (Sang and Hoekstra, 1987). Reductions in

runoff under hedgerows, however, could be of minor

importance compared to the competition for soil water
between the roots of trees that are established by the time

the crops are sown (Singh, 1989). A process referred to as

hydraulic lift (Caldwell and Richards, 1989), which involves

absorption of water by deep roots in moist soil, upward
movement through the roots, and release in the upper soil

profile at night, could also be a mechanism by which water

content near the hedgerows was enhanced.

Reduced soil temperature as a result of shade from the

hedgerows could also have contributed to the trends of

higher soil water content near the hedgerows than away from
them. Shade would create differential rates of evaporation,

with higher rates in the open and lower rates near the
hedgerows. This would imply that less water was available
to crops in the open alleys and more to those near the
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hedgerows. Difference in soil temperature near and away

from the hedgerows was significant at the end of the

cropping period (February, March, June and July) and during
the dry season (August and September). At this time, the

hedges are typically not cut back since the crop was either

mature or was not present in the field. Hence, considerable

shade could build up near the hedgerows that, at times, grew

up to as high as 2 m. During the cropping season, however,

there was no significant difference in soil temperature near

and away from the hedgerows because the hedgerows were cut

back 2-3 times in a season.

Also, cloudy conditions prevailing during the rainy

season could have minimized differences in soil temperature

both near the hedgerows and away from them. So, although

effects of reduced temperature (and therefore reduced

respirational losses) near the hedgerows have been suggested

to explain the higher crop yield near the hedgerows (Mungai,

1991), it is unlikely to have been a major factor in the

present study. The basis for this assertion is that there

were no significant reductions in soil temperature when the

crop was present in the field. A similar conclusion is made

by Corlett et al. (1989) who observed no significant

differences in the canopy temperature of sorghum alley-

cropped with leucaena and sorghum grown in the open at

semiarid conditions at Hyderabad, India.
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Effects of shade from the hedgerows on soil

temperature may be significant where the orientation of the

hedgerows is north-south, where the pruning frequency of the

hedgerows is low and at sites far from the equator as

observed by Monteith et al. (1991). In the present study,

the hedgerows were east-west oriented, they were frequently

pruned (2 to 3 times in a season) and the site was close to

the equator (Io S 33' E). It is therefore unlikely that the

effects of shade from the hedgerows on soil water content,

particularly during the cropping season, were significant.

During the dry season, however, it is possible that even a

small amount of soil water conserved due to shade effects

from the hedgerows, could have contributed to the enhanced

yield of the crop near the hedgerows in the following

season.

The significantly higher rates of infiltration and

hydraulic conductivity observed near the hedgerows could
have resulted from the lowered soil bulk density observed

near, compared to away, from the hedgerows. Topsoil (0-5 cm

profile) bulk density was significantly reduced near

leucaena hedgerows. Reduction in soil bulk density could
have resulted from the death and turnover of the higher root

density near the hedgerows (Chapter 2). Sloughed-off roots
add to soil organic matter (humus), which in turn, could
reduce soil bulk density. Reduced soil bulk density

improves aeration, stabilizes structure, and increases



193

permeability (Swift and Sanchez, 1984). Moreover, the

activity of the significantly higher population of fauna

(predominantly termites, beetles and wood lice) near the

hedgerows could have contributed to the lower soil bulk

density observed near the hedgerows compared to away from

them. As observed by Coleman et al. (1991), the role of the

fauna in reducing soil bulk density and enhancing

infiltration rates of water appeared to be important in the

present study. For example, from a subsidiary study, it was

observed that the rates of hydraulic conductivity of the

soil declined significantly in spots near the hedgerows

where a pesticide was applied repeatedly compared to where

the pesticide was not applied (data not presented). These

observations indicated the significant role of the fauna on

the physical properties of the soil.

Differences between Effects of Hedgerow
Species on Crop Yield Profile

The significantly lower yield of maize under leucaena

alleys compared to those under cassia demonstrates that

leucaena is more competitive with crops than cassia, an

observation also made by Nair (1987). Greater depletion of

soil water by leucaena compared to cassia best explained the
lower maize yield under leucaena compared to cassia. A

similar explanation was also made by Singh et al. (1989) who
observed that alley cropping leucaena in semiarid India
reduced crop yields significantly.
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In addition to soil moisture, it is also possible that

crop yields were reduced more under leucaena compared to the
sole crop or the crop under cassia due to competition for
nutrients. A basis for this hypothesis is provided by

studies by Chirwa (1991) in semiarid Zambia, where

reductions in maize yields under leucaena hedgerow

intercropping were observed to be less with the application
of fertilizer and more without fertilizer application.

The lower content of soil water under leucaena

compared to cassia would suggest that leucaena has a higher
root density than cassia. This was, indeed, observed to be
so. Root density of leucaena was higher than that of cassia
at nearly all distances considered (up to 3 m away from the

hedgerows) in the top 40 cm soil profile (Chapter 2).
Studies by Jonsson et al. (1988) also showed that both
leucaena and maize had their highest density of fine roots

in the same soil depth, suggesting that the potentials for

competition are high.

Two implications emerge from the observed differences
in the rooting density and water depletion patterns of the
two species. First is that leucaena would allow less
intercropping than cassia. This is particularly so in
semiarid areas where water, and to a lesser extent, soil

fertility, are major constraints to production. Yield of
crops with significant amount of their roots in the 0-80 cm
soil depth could be adversely affected under leucaena due to
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enhanced competition. Unfortunately, most of the annual

crops have their roots within the top part of the soil

profile. Crops that have either short periods of maturation

(e.g., cowpea) or that are drought tolerant (e.g., millet)

may provide opportunities for intercropping with leucaena

where this may still be necessary. Secondly, through root

turn-over, particularly of the fine roots, leucaena would be

likely to add more to soil organic matter than cassia. This

may improve both physical and chemical properties of the

soil. For instance, hydraulic conductivity of the soil

could be enhanced by macropores opened following the death

of roots (Barley, 1954), and more roots are under leucaena

than under cassia. But these benefits of soil improvements

under alley cropping with leucaena seems to be nullified by

enhanced tree-crop competition for soil moisture under

semiarid conditions.

Conclusions

This study demonstrates that:

1. Although the effects may be small, interaction

between tree hedgerows and crops could be

positive, even in semiarid environments.

2. The magnitude of the interaction effects on the

crop yield is dependent on the hedgerow species,
and more positive under cassia than under
leucaena.
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3. Enhanced soil moisture near the hedgerows, more

than improved soil fertility, could explain the

higher maize yield observed near the hedgerows.

The hedgerows, particularly that of leucaena, improved
soil bulk density near them. This, in turn, enhanced the

rates of infiltration and hydraulic conductivity of the

soil. If the observed positive effects of the hedgerows on

the crop and the physical properties of the soil near them
are not site-, species-, and management-specific, then alley

cropping of multipurpose trees, particularly cassia, may

have a role in improving productivity of soils in the

semiarid tropics.



CHAPTER 6
POTENTIAL FOR FARMER ADOPTION OF ALLEY CROPPING
OF MULTIPURPOSE TREES AND SHRUBS IN SEMIARID

AREAS OF MACHAROS, KENYA

Introduction

Agroforestry is often suggested as a major practical

land management alternative for the maintenance of soil

fertility and productivity of lands in the tropics (Nair,1989), and, in particular, the marginally productive ones,

including the semiarid tropics (Rocheleau et al., 1989).

Among the agroforestry technologies that have received
tremendous research and development effort is alley cropping

(also called hedgerow intercropping). Alley cropping

consists of growing food crops in alleys between planted

hedgerows of multipurpose trees and shrubs, usually

nitrogen-fixing ones. The hedgerows are periodically cut

back at the beginning as well as during cropping to prevent

shading and to provide mulch to the associated crop (Kang et

al., 1990).

Results of alley cropping (at least on-station) in the

humid tropics with respect to soil fertility and crop

performance have generally been positive (Kang et al.,1990). Compared to the humid lowland tropics, there are

relatively few studies on alley cropping in the semiarid

tropics. Rainfall and soil conditions aside, the impacts of

197
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alley cropping trees on the yields of crops at any given
site are likely to be influenced by the tree species used.

For instance, Sang and Hoekstra (1987) reported improved

crop yields under cassia in semiarid Kenya; in contrast,

Singh et al. (1989) reported significant yield losses under

leucaena in semiarid India.

In a comprehensive review of agroforestry, Nair (1990)

concluded that alley cropping as an agroforestry practice

has some advantages, but some inputs are required. While
there are certainly many biophysical issues of the

technology in both semiarid and humid tropics still at

stake, perhaps most are on aspects related to the socio¬
economics of the technology. Understanding of the socio¬

economics is the key to the adoption of a technology

anywhere. Without this understanding, the technology may

never leave the researcher's desk, as is typical of many on-

station studies (Hildebrand, 1982). For instance, alley

cropping research has been going on at the International
Institute of Tropical Agriculture (IITA), Ibadan, Nigeria,
for at least 10 years (Kang et al., 1990). Yet, outside
IITA research stations, there is little evidence of adoption

of the technology by farmers for purposes of mulch

production on crop fields (Palada, 1989).
It is hypothesized the more simple the technology, the

more rapidly farmers can become proficient with it and adopt
it (Wake et al., 1988; Hildebrand, 1990). However,

agroforestry technologies (e.g., alley cropping) are by
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nature complex, (at least two components are involved, a

crop and a tree/shrub) and, therefore, may be more difficult

to adopt than systems involving a single component (tree or

crop). Simplicity or complexity of the technology

notwithstanding, adoption of alley cropping may be higher

where the trees provide multiple and valuable products,

e.g., fodder. This is a particularly important

consideration in the semiarid tropics where livestock feed

is scarce during the dry season, and trees often provide

valuable fodder (Singh et al., 1986).

Understanding of the existing farming systems of the

area, production priorities and constraints of the farmers

have long been recommended as an absolutely necessary input

into the agenda and process of on-station technology

development (Spedding and Brockington, 1976). Where these

recommendations have been followed, especially through the

iterative Farming Systems Research and Extension

methodology, there is evidence to suggest that the

potentials for farmer acceptance and adoption of

agricultural technologies are high (Hildebrand, 1981). On-

farm trials, either researcher-managed and/or researcher-

farmer managed (Hildebrand and Poey, 1985; Atta-Krah and

Francis, 1987) are among some of the research approaches

used to enhance farmer participation and evaluation of

technologies being developed. Although certainly better

than the total reliance on on-station trials, the on-farm
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trials also have limitations. For instance, loss of farmer

participation is sometimes cited as a major problem of on-

farm trials (Lightfoot, 1987).

Because of the long-term nature of agroforestry

practices, strategies different from those of systems

involving only annual crops may be necessary to enhance

adoption. For example, conducting farm surveys specific to

a given agroforestry practice (e.g., alley cropping) may

help capture details of the farming systems of an area that,

when included in the development of the technology on-

station, could enhance its potential for adoption by

farmers.

Being cognizant of the above issues, as well as

fulfilling a need to rationalize an on-going on-station

experiment on soil fertility and productivity aspects of

alley cropping Leucaena leucocephala and Cassia siamea at
the Field Station of the International Center for Research

in Agroforestry (ICRAF), Machakos, Kenya, I conducted an on-

farm survey. Sixty farmers in the neighborhood of the Field
Station were interviewed in July-August 1991. The overall

objective of the study was to assess the potential for
farmer adoption of alley cropping of multipurpose trees and
shrubs.

«

The specific objectives were: (a) to identify current

strategies employed by farmers to improve the fertility and

productivity of their soils, (b) to determine factors
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significantly affecting the above and, (c) to identify the

potential uses and constraints of farmers in alley cropping

multipurpose trees and shrubs.

Study Area and Methodology

The study was conducted on farms that lie on the hills

immediately south of Machakos town, Eastern Province, Kenya.

The farthest farm from Machakos town was about 20 km. The

ecology of the area is semiarid with a mean annual rainfall
of about 600 to 700 mm, falling in two seasons: long-rains

(March to July) and short-rains (September to October).

Besides meeting the criteria of being semiarid, the area of

the study was close to the Field Station of ICRAF where

alley cropping research was going on. Thus, as one might
either expect or assume, farmers in this area would be

better informed about and potentially more adoptive of the

technology than distant farmers. ICRAF Field Station is 6
km west of Machakos town.

Three administrative sublocations were selected for

sampling: Kiima-Kimwe, Muvuti and Kivandini. All three

sublocations were constituents of Muvuti location, Central

Division, Machakos District, Kenya. The area is

topographically hilly and the farms were scattered on the
hill slopes.

Based on the outcome of a three day rapid rural

appraisal (Chambers, 1985) or Sondeo (Hildebrand, 1981)
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exercise, stratification of the farms relative to their

location on the hills (low, middle and top slopes) was felt

necessary. One reason for stratification was that

infrastructure in the area was strongly influenced by slope

factors of the hills; farms on the low and middle slopes

were more accessible than farms on the upper slopes. In

addition, farms on the top slopes and particularly those on

the windward side had more rainfall (on average, 1000 mm a

year) than farms on the low slopes (with about 700 mm

rainfall a year). On the basis of the above stratification,

a list of farmers of the three administrative sublocations

was obtained from the Ministry of Agriculture staff in

charge of each of the three sublocations. However, in the

Kiima-Kimwe sub-location, an extension agent of the Catholic

Diocese of Machakos, helped provide a more comprehensive

list of farmers. This was because of the inadequacy of the

list provided by the agricultural office of this location.

Twenty farms were randomly selected from the list of

farmers of each sublocation. Thus, a total of 60 farmers

for the three locations were selected. Interviews were

conducted on single-day visits in the months of July and

August, 1991. A one-page questionnaire was used as a guide

during the interviews. Interviews and visits at each farm

lasted about an hour. The interview team was made up of the

author and the extension agent of the Catholic Diocese of

Machakos who also helped with the interpretation of the



203

Akamba language. The area is predominantly populated by the

Akamba people. Interpretation was not always necessary

because a large number of the farmers spoke either Swahili

and/or English which the author also speaks. On average,

five farmers were interviewed in a day.

At the conclusion of the survey, of the 60 farmers, a

second stratification or regrouping of the farms was carried

out. The farmers were grouped according to their identified

interests in the use of the pruning from the alley cropped

hedges. Basically, there were two distinct use-interests:
fodder or mulch (soil fertility). It is recognized that the

fodder-interest group could also have mulch as their

secondary interest in the use of the pruning from the

hedgerows and vice versa for the mulch group. Hereafter,
the two groups will be referred to as fodder-interest and
mulch-interest groups. On the basis of these two major use-

interests of the alley cropping technology, three farmers of

each interest group were randomly selected from the low,

middle and upper slopes of each of the three sublocations.

Thus, a subsample of 18 farmers out of the initial sample of

60 farmers was generated. The purpose of this second

stratification or subgrouping was two-fold: (a) to get more

in-depth information of the farming practices and the other

objectives of the study, and (b) to obtain a more informed
evaluation of the technology from the farmers. This sub¬

group of 18 farmers were taken to ICRAF Field Station over a
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three day duration. At the station, the fanners were given

a guided tour of the trials where pruning were used as mulch

or as fodder. During the tour, questions and concerns

raised by the fanners were recorded.

Statistical Analysis

Frequency tables of responses to questions were

generated using the SAS (SAS, 1987). Means and their

standard deviations (sd) of various variables are presented.

Dependency or independence of fanner interests in the use of

the pruning of the alley cropping technology (i.e., fodder
or mulch) on any of the variables considered in the survey

was determined using the Chi Square test at the 80%

confidence level.

Results

Farm Household Characteristics and
Farmer Interests in use of Aliev Cropping

Farm size of the farmers interviewed varied widely,

ranging from 0.4 hectares to 17.4 hectares (Table 6-1).

Seventy-seven percent of the farms were in the 0-4 ha size

range; of these, 46% had two or less hectares. Farm size

with the largest frequency distribution (15%) was three

hectares. The sizes of farms can therefore be classified as

small scale. Yet, they support a large number of

dependents. On average, there were 14 family members per
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Table 6-1 Farm and household characteristics of the 60
farmers interviewed at Machakos, Kenya, August
1991.

Farm
size
range
(ha)

Cumu¬
lative
distri¬
bution
(%)

Average
number of
members
in a

house¬
hold

Average
number of
children
in a

household

Household
members
that were

children
(<18 yrs)

(%)

0-4 77 13 (4) 7 (4) 54

5-8 17 16 (3) 8 (3) 50

9-17 .4 6 14 (6) 7 (5) 50

NOTE: Figures in parentheses are the standard deviations
of the mean.
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household? over 50% of the family members were children

under 18 years of age. Land ownership was family free-hold

title basis.

Of the 60 farmers interviewed, 62% were interested in

fodder and 33% in mulch. Three farmers (5%) had no interest

in alley cropping or were undecided. Farm sizes of the

fodder- and mulch-interest groups were not significantly

different, on average three hectares. Also, farm size did

not influence significantly (p = 0.67) the fodder or mulch

interests of the farmers interviewed (Table 6-2). The labor

requirements of alley cropping is often seen as a bottleneck
to its adoption. However, most of the farmers (88%) did not

see labor for pruning the hedgerows as a problem.

Maize was the main food crop, grown alone or in

combination with legumes (predominantly pigeon pea). All

farmers expressed insufficiency of food supply. Indeed, 67%
of the farmers interviewed bought their staple food (maize)

at one time or another. Between the two groups, 80% of the

mulch-interest group and 57% of the fodder-interest group

farmers bought food. Other food crops included beans and
various vegetables. Cash crops were coffee (mainly in two

locations—Kivandini and Kiima Kimwe) and fruit trees

(mango, guava, citrus and avocado).

Farmers kept livestock (cows, goats, sheep and

chicken). In terms of cattle, the average number per farm

was two head (sd: 4), with a range from 0 to 12 head per
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Table 6-2. Interests of farmers in alley
size and number of members in
Machakos, Kenya, August 1991.

cropping, farm
a household at

Interests

Total
number of
farmers
inter- Farm

Number
of members

in alley viewed size in a

cropping (%) (ha) household

Fodder 62 2.8 (1.5) 14 (3)

Mulch 33 3.1 (2.1) 13 (6)

Undecided 5 2.5 (1.3) 12 (4)

NOTE: Figures in parentheses are the standard deviations
of the means.
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farm and mode of 0 head (35%). The fodder-interest group

had, on average, 30% more cattle than the mulch-interest

group. However, the number of livestock kept by both groups

(fodder- and mulch-interest group) were not significantly

different. Although 35% of the farmers interviewed did not

have cattle, some had immediate plans for buying them.

In terms of goats, the average holding was nine (sd:

8), with a range from 0 to 30. Twenty percent of the

farmers interviewed did not have goats. Differences in goat

possession of the fodder and mulch-interest groups were not

significant. However, the fodder-interest group had, on

average, 25% more goats than the mulch-interest group. For

sheep, the number possessed ranged from 0-13 with an average

of four (sd:4) sheep per farm. Eighty-three percent of the

farmers did not have sheep.

Farmers kept more chickens than other livestock.

Ninety-three percent of the farmers interviewed kept

chickens probably because of their relatively lower feed

requirements compared to other livestock. The range of

chickens kept ranged from 0 to 2000 birds. The average,

when the single farmer with 2000 birds was excluded as an

outlier, was 21 birds (sd: 21); the mode 20 birds (18.3% of

the farmers interviewed). Seven percent of the farmers

interviewed had no chickens. The difference in chicken

possession of the fodder and mulch-interest groups was not

significant (p = 0.50).
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Strategies of Farmers to Improve
Fertility and Productivity

Nine practices were identified as the main strategies.

They will be discussed individually, but not in order of

importance.

Use of livestock manure

This was the major source of nutrient input for the

crops on most farms. All farmers interviewed used livestock
manure on their crop fields. Manure was applied on the crop

rows and not broadcasted on the whole field. Row

application of manure economized use of this scarce

resource. The main source of manure was their own farm.

Between the fodder and mulch-interest groups, the percentage

of each group that bought manure was similar, approximately
%

39%. ;

Manure from cattle owned was scarce, given that each

farm had, on average, only two cattle. Occasionally,

farmers with and without livestock purchased manure.

Thirty-five percent of the farmers interviewed did not have
cows and 37% bought manure at one time or another. Often

manure was bought from a few farmers with large broiler
houses within the area of the present study or from cattle

ranches 40-50 km away. Lack of feed and loss of livestock

during previous droughts were the reasons given for the low
number or absence of cattle on farms. Crop residues were

the major source of feed and farmers (92% of those
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interviewed) let their livestock into the crop fields after

harvest.

Weed control

On average, crops were weeded twice in a season.

Labor for weeding was mainly family labor. However, labor

was often hired or exchanged with neighbors. The difference

in the frequency of weeding by the two interest groups

(fodder and mulch) was not significant.

Sixty-eight percent of the farmers interviewed

responded positively to exchange of labor with other members

of the community. Forty-two percent of this exchange labor

was for help with weeding. Only a small percentage, 3% and

4%, respectively, of the exchange labor was for crop

planting and harvesting. Farmers who did not exchange labor

often cited exchange of labor as becoming increasingly more

expensive in terms of providing for food for work done.

In terms of hiring labor, 60% of the farmers

interviewed hired labor to help with weeding and harvesting.

However, labor for harvesting was mainly for picking coffee.

Seventy-eight percent of the fodder-interest group and 50%

of the mulch-interest group hired labor. This difference

was significant.
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Fallowing of land

Because the farms were generally of small acreage,

only 18% of the farmers interviewed mentioned fallowing as a

practice. The difference in the use of land fallowing

between the fodder and mulch interest groups of alley

cropping was not significant (p = 0.54).

Use of mulch

Use of mulch was common. Typically, mulch materials

were crop residues, lopping from trees on the farms and

prunings from farm fence bushes. Many farms had Lantana

cañara and Tithonia diversifolia bushes as live fences.

Prunings from these shrubs provided fodder and firewood when

dry and mulch when green. When fresh, lantana could be

poisonous to cattle. Sixty-seven of the farmers interviewed

responded positively to the use of mulch. Of this number,
60% were those with fodder interests and 85% were those with

mulch interests. This difference between the two groups was

significant.

Intercropping

Forty-five percent of the farmers interviewed

practiced intercropping. Of these, the percentages of

fodder and mulch-interest groups were similar (46%).

Intercrops of maize and beans (both phaseolus and vigna) or

maize and pigeon pea were common. Of the two, maize and



212

pigeon pea intercrop was the more preferred. The beans in a

maize and bean intercrop ripened earlier (in about two

months) than the maize (four months). Early ripening of

beans made their harvest difficult in the midst of the maize

stands. Also, in the process of harvesting beans, damage to

the immature maize crop could be severe. Beans in a maize

intercrop were also observed by 52% of the farmers

interviewed to have competitive effects. On the other hand,

pigeon pea is an perennial crop and its harvest occurs long

after maize is out of the fields.

The presence or absence of intercropping appeared to

be influenced most by farm size. Intercropping was

predominantly a practice on the small farms. Of those

farmers that intercropped, 60% had farm sizes of two or less

hectares. On the other hand, 85% of those farmers who did

not intercrop had farm sizes greater than two hectares.

Use of improved seeds

Farmers bought seeds, in particular those of the

drought tolerant maize varieties (e.g., Katumani Composite).

Sixty-seven percent of the farmers interviewed bought seeds.

Also, the purchase of seeds was mentioned by most farmers to

be the one farm input that required most money. Farmers who

did not buy seeds saved some from their harvests. Of those

purchasing seeds, the percentages of the fodder and the
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mulch-interest groups were similar (65%). The purchase of

seeds was not influenced significantly by farm size.

Use of chemical fertilizers

From the sample survey of 60 farmers, 65% used

chemical fertilizers on their crops at the time of the

survey or in prior seasons. Farmers with coffee crops

responded more positively to use of fertilizers than farmers

without coffee. Between the two groups, 76% of the fodder-

interest group and 55% of the mulch-interest group used

fertilizers. This difference in fertilizer use of the two

groups was significant. However, only 3% of the farmers

interviewed mentioned chemical fertilizers as their most

expensive farm input, suggesting that use of chemical

fertilizers was not a major practice. Also, chemical

fertilizers, unlike seeds, were not regularly purchased.

For farmers with coffee crops, fertilizer was obtained at a

subsidized cost from the coffee factories.

Use of ox-plow

A significant number (67%) of the farmers interviewed
used ox-plows for land preparation and/or for weeding. At

times, those who did not own the oxen owned only a plow, and

vice versa. This often necessitated an exchange of the ox-

plow parts between farmers. Possession of both the oxen and

the plow were expensive for individual farmers. Some
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fanners had only the plow because their oxen died for some

reason (e.g., during a major drought in 1987). In some

isolated cases, farmers had sold their oxen to meet some

urgent needs for cash. Between the two interest groups, 72%
and 35%, respectively, of the fodder- and mulch-interest ox-

plowed their fields. This difference was significant.

Use of soil erosion control measures

The common measure of soil erosion control was

terracing with soil mounds thrown on the upper side of cut¬
off trenches. This practice is locally called "Fanya Juu."

It is an expensive exercise to undertake initially, but it
is also an effective erosion control measure that requires

little maintenance thereafter. A significant proportion

(70%) of the farms surveyed were terraced well with the
"Fanya Juu." Differences in the percentage of terraced
farms among the fodder- and mulch-interest groups were not

significant.

Factors that Influenced Interests
of Farmers in Aliev Cropping

Five factors significantly influenced the proposed use

of the alley cropped trees for fodder or for mulch:
1. Possession of coffee trees,

2. Possession or use of ox-plow(s),

3. Use of mulch,

4. Use of fertilizer and,
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5. Prior knowledge of alley cropping.

Table 6-3 provides frequency distribution of farmers under

each of these factors against the interests of farmers in

alley cropping.

Use of ox-plow and fertilizer by the fodder-interest

group was significantly higher than by the mulch-interest

group. On the other hand, frequency of farmers using mulch

on fields was significantly greater for the mulch-interest

group than the frequency for the fodder-interest group.

The fodder-interest group was exposed more to alley

cropping (45%) than the mulch-interest group (35%), although

the difference was not significant (p = 0.42). This

difference in prior knowledge of the technology did

influence significantly the farmers' proposed use of the

technology. Between the two interest groups, 67% of the

fodder-interest group had coffee and only 35% of the mulch-

interest group had coffee. This difference was significant.

The use of chemical fertilizers, hired labor, ox-

plows, purchased manure, purchase of animal feed, frequency

of weeding, and purchase of food were all observed to be

significantly greater for the coffee than for the noncoffee

farmers. All the other factors considered (e.g., farm size,

number of livestock, number of household members doing off-

farm work, etc.) were not significantly dependent on

possession of coffee. Table 6-4 provides the p-values of
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Table 6-3. Factors which influenced significantly interests
of fanners in alley cropping for fodder or for
mulch and the frequency of farmers under each
factor, Machakos, Kenya, August 1991.

Interests
in alley
cropping

Use
of ox

plow

Use of

crop/trees
mulch at

present
or in the
past

Use of
fertil¬
izer

Posses¬
sion of
coffee
trees
on the
farm

Prior
know¬
ledge
about

alley
cropping

Fodder 27 22 21 37 13

Mulch 7 12 5 20 9
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Table 6-4,. The p-values of dependency of resource
possession, their use or purchase on the
presence of coffee on the farm, Machakos, Kenya,
August 1991.

Resource

p-values of dependency
of resource

use/possession
on the presence
of coffee on

the farm

Purchase of food 0.07

Purchase of chemical fertilizer 0.04

Hire of ox-plow 0.01

Purchase of manure 0.17

Purchase of animal feed 0.13

Hire of labor 0.06

Frequency of weeding 0.04
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resources possessed or purchased that depended significantly

on farmer's possession of coffee. Even though the use of

fertilizer was significantly greater for coffee than for

noncoffee farmers, maize yields of the two groups were not

significantly (p = 0.35) different (Table 6-5). This

suggests that fertilizer was probably applied mainly to

coffee.

Factors Affecting Farmers' Strategies
to Improve or Maintain Fertility and
Productivity of Their Soils

Most of the strategies discussed above reguired cash

outlay. For example, "Fanya-Juu" terracing was expensive
and a major investment on many farms. Between the two

interest groups, the fodder-interest group evidently had
more purchasing power for farm inputs and household needs

(e.g., fertilizer, ox-plows, labor, feed for livestock, food
for the family, and firewood) than the mulch-interest group.

There were two major sources of cash income in the

area, viz., sale of coffee and off-farm employment. Many of

the families interviewed had one to two of their members

working off-farm. Forty-four percent of the farmers

interviewed had at least one member of the family engaged in

regular off-farm employment. Most of those engaged in off-
farm employment were men since 60% of the farmers found on

the farm during the survey were women.
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Table 6-5. Estimates of maize yield (with or without
inputs) of farmers with interests in fodder or
mulch aspects of alley cropping.

Interests Maize vield ft ha'1
in alley
cropping

With
inputs

Without
inputs Mean

Fodder 0.4 (0.2) 0.2 (0.1) 0.3 (0.2)

Mulch 0.3 (0.2) 0.1 (0.1) 0.2 (0.2)

NOTE; Figures in parentheses are the standard deviation of
the mean.
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Coffee was the major cash crop of the area. Fifty-

seven of the farmers interviewed had coffee. Among the

coffee farmers, 76% were interested in the fodder aspects of

alley cropping. The difference in the frequency of farmers

without coffee but interested in alley cropping for fodder

or for mulch was not significant.

In addition to off-farm employment, other sources of

cash were sale of livestock (e.g., poultry), baskets (mainly

made of sisal), fruits, charcoal, and other tree products.

Trees on the Farm: Functions and
Constraints to their Planting

Predominant species

Both indigenous and exotic species (fruit and non¬

fruit) were present on the farms. On an average farm size

(about two hectares), 10%-20% of the land could be under
trees (both fruits and nonfruit trees). Typically, only
fast growing exotic species good for pole and firewood

(e.g., Eucalyptus camaldulensis and Grevillea robusta) were

planted. Indigenous or naturalized species (e.g., Acacia
nilotica, Croton megalocarpus and some Commiphora spp.) were

not planted but left to grow from volunteer seedlings and

protected from damage by animals and termites. These

species were found mainly on the lower slopes of the hills.
On the cooler upper slopes, Acacia mearnsii (wattle tree)
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was common. Also, both cassia and leucaena were present,

but only on a few farms on the lower and middle slopes.

Fruit trees, e.g., mango, citrus, avocado, guava, and

loquat were raised on the farm, on land cropped and not

cropped. With the exception of mangoes and citrus, most of

the fruit trees were planted near the homestead. Citrus was

generally planted inside the "Fanya Juu" or soil

conservation trenches. The trenches acted as macro¬

catchments for water and provided more water to the citrus

plants than planting in the open.

Uses of tree products

Trees provided many products and services. Firewood

and building materials were two uses often mentioned by the

farmers. Because firewood was scarce, trees with good

firewood properties and with fast growth rates (e.g.,

Eucalyptus) were in high demand. With the exception of a

few farmers that bordered government land reserves, most did

not have access to firewood beyond their farms. Of the

farmers interviewed, 45% bought firewood. Between the two

farmer interest groups in alley cropping, 57% and 25% of the

fodder- and mulch-interest groups, respectively, bought

firewood. The difference between the two groups was

significant.

Like firewood, fodder was also scarce. Forty-five

percent of the farmers interviewed bought livestock feed.
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Trees and shrubs also provided fodder, particularly during

the dry season. For example, the dry leaves of Lantana

camara and Tithonia diversifolia hedges were used as fodder.

Some farmers with leucaena trees for shade near the

homestead occasionally lopped the trees for fodder.

If available, fruit trees were number one choice of

farmers in favor of all other trees. Fruit trees provide

food and cash to the family. Also, some fruit trees such as

mangoes were lopped for firewood. Besides mangoes which
were scattered on the cropland, nonfruit trees (e.g., Acacia

spp. ) left deliberately on cropped land provided shade

during field activities (plowing, planting, and harvesting).

Constraints to tree planting

Ability to establish easily from seed or seedling,

particularly under arid and competitive condition from weeds
and other plants was an important consideration of farmers

in the choice of the tree to plant. Equally important was

the ability of trees to withstand termite attack. A

significant number (86%) of the farmers interviewed
mentioned termites as problems in establishing trees.

Wood ash was predominantly the traditional termite

control measure used. Some farmers said wood ash controls

termites but many also said it does work or works only

temporarily. The seriousness of the termite problem was

reflected in the choice of species planted or allowed to
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grow on the farms. With the exception of Eucalyptus

species, a popular tree among farmers, many of acacia

species and croton are termite resistant. Hence, survival

was high. Eucalyptus, on the other hand, is not resistant

to termite attack. But because Eucalyptus seeds heavily,

farmers plant many seeds and hope that some plants survive.

And, indeed, its survival was highly variable, with an

average of 53% (sd: 38%) across the farmers interviewed.

Availability of planting materials was cited by many

farmers as a big constraint. To ensure their own supply of

seedlings, 30% of the farmers interviewed had at one time or

another a nursery on the farm. The functions of the tree

nurseries possessed are shown in Table 6-6. Farmers

established nurseries because of the nonavailability of

seedlings from other sources. Government and non¬

governmental nurseries were either too far away, not

dependable or often did not carry species desired. In

addition, without one's own transport, one would not be able

to carry many seedlings up the hills. However, 70% of the

farmers interviewed did not possess a nursery; the reasons

are shown in Table 6-7.

The major problems of raising one's own nursery/-

seedlings are lack of water and availability of seeds. A

number of farmers said they were planting trees to have a

secure source of seeds. Because the area is semiarid, a

sufficient supply of water is a problem. Most of the
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Table 6-6. Functions of tree nurseries possessed by 30% of
the 60 farmers interviewed, Machakos, Kenya,
August 1991.

Function of nursery

Distribution of farmers
with tree nurseries

(%)

Fruit, Firewood, Timber 11.7

Fruit 18.3

Total 30.0
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Table 6-7. Reasons given by farmers without nurseries on
their farms, Machakos, Kenya, August 1991.

Reasons
Distribution of respondents

(%)

Water 26.7

Seeds 13.3

Not decided 11.7

Lack of knowledge 3.3

Planning 1.7

Pests (e.g., chickens) 1.7

Termites 5.0

Labor 6.7

Total 70.1
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fanners with nurseries were close to some water source,

e.g., a seasonal river.

Discussion

Strategies of Farmers to Enhance
Soil Fertility and Crop Production

Production of sufficient food for the family was

probably the major goal for every farmer. This is based on

the observation that households were large, averaging 14

family members, 50% of which were children. In spite of the

various strategies employed by the farmers to improve or

sustain food production (intercropping, weeding,

fertilizing, etc.), crop yields were low. This was more so

without inputs (i.e., over 50% reduction of that with

inputs). This is perhaps a reflection of the low fertility

status of the soils and insufficient rainfall. Since the

survey was conducted at the end of a season with poor rains,
the contribution of soil fertility to the low yields may not

explain the dramatically reduced yields. Under seasons of

normal rainfall, yields are more likely to be higher with or

without inputs compared to those observed during the survey.

However, estimates of on-farm maize yields less than

1 t ha'1 are typical even in seasons of normal rainfall

(Nadar and Faught, 1984; Mbogo, 1991).

To increase food production, farmers with limited land

were not renting more land to produce food. Instead, they
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were buying food. Fanners with large land holdings were

also buying food and their crop yields were not

significantly different from those with small holdings of

land. These observations suggest that food production was

constrained perhaps less by land availability than by cash

to buy inputs (fertilizer, seeds, manure, ox-plow) or by

labor. These observations are consistent with studies of

others from the region of the present study (Myers, 1982;

Harsh and Mbatha, 1978).

Given that 76% of the farms were two hectares or less,

the interest of the farmers with such small holdings in

putting some land under alley cropping is surprising. In

addition to supporting the view that land was not

constraining crop production, farmers' positive response to

alley cropping also suggests that farmers saw the practice
as a means to increase production of food or fodder from

their small farms. Farmers probably saw alley cropping to

be similar to intercropping of food crops, which was

predominantly a practice of farmers with small land holdings

(two hectares or less). In addition to increasing

production per unit area, intercropping is done for many

other reasons, such as higher returns to management,

benefits of diversity, even if less productive (thus,

reducing risk), reduction of incidence of diseases, control

of weeds, spread of labor demands, and satisfaction of
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dietary requirements. In some cases, it can also reduce

need for fertilizer.

The significantly higher interest in alley cropping

for fodder (62%) rather than for mulch (33%) was expected

from farmers in an arid area where feeding livestock is a

problem. However, the large number of farmers (33%) who
have livestock but who want to use the technology for mulch

rather than for fodder raises some speculation. First, it

is possible that the mulch-interest group was not as well

informed as the fodder-interest group and that their

responses could change to fodder as they acquire more

knowledge. This change is feasible because the response of

the farmers to fodder or mulch use was observed to depend

significantly on prior knowledge about alley cropping.
Coffee farmers, who knew most about the technology,

responded positively to fodder use. Secondly, if one

assumes that the response was not due to lack of knowledge,

then it would appear that there was a real interest in alley

cropping for purposes of mulch. It is possible that some

farmers were well informed about the technology and,

therefore, made a rational decision. For example, coffee

farmers were more informed about the technology than the

noncoffee farmers, and most coffee farmers responded

positively to fodder-interest. However, the considerable
number of coffee farmers (24%) who responded positively to

mulch-interests would suggest that they made a rational
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decision. On the other hand, some questions raised by the

mulch-interest group, when they visited the research

station, suggested that their initial response was suspect.

For example, on visiting the research station, both interest

groups raised serious questions about potential competition

between the trees and the crops.

Potentials for Adoption of Aliev Cropping

From the positive response of the farmers surveyed,

62% for fodder use and 33% for mulch use, it would appear

that there is potential for adoption of the alley cropping

technology. Only 5% of the farmers interviewed were

indifferent to the technology. Between the two end uses,

alley cropping is more likely to be adopted for fodder than

for mulch. Coffee farmers are more likely to adopt alley

cropping than those without coffee. For example, of the 62%

interested in fodder, 76% were coffee farmers. Of the total

number of farmers interviewed, 57% were farmers with coffee.

Like the various strategies used by farmers to improve soil

fertility and crop production (e.g., terracing, weeding),

alley cropping would require investments (e.g., purchase of

seedlings). Among the five factors identified to determine

farmers' interests in the use of alley cropping (fodder or

mulch), the presence or absence of coffee trees on the farm

was significant. The presence or absence of other factors
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(use of fertilizers, ox-plows, knowledge of the technology),

with the exception of mulch use, also depended significantly
on the presence or absence of coffee trees on the farm.

To invest in production strategies, farmers had to spend

money. Labor had to be hired for soil conservation works,

"Fanya Juu" construction and coffee picking, seeds had to be

purchased, and ox-plows had to be hired. The ability to

spend appeared to depend strongly on the possession of a

cash generating activity on the farm. In the area of the

present study, there were two main cash-generating
activities: off-farm work and sale of coffee. Other minor

sources of revenue included sale of fruits, wood products

(e.g., poles), and sisal baskets. Income from off-farm work
and from trees (fruit and nonfruit trees) was probably

significant to the household but did not differ

significantly among farms. What differed between farms was

income from coffee.

Farmers with coffee invested more in inputs (e.g.,

bought fertilizers, manure, possessed or hired ox-plow,

bought feed for their livestock) than noncoffee farmers. In

addition, coffee farmers hired more labor and weeded more

frequently. This suggests that farmers with coffee—a cash

crop—had greater purchasing power than those farmers
without coffee.
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The labor requirement is always a factor which rural

people take into consideration when deciding whether or not

to adopt a new practice (Hoskin, 1987). Alley cropping is a

labor intensive practice and the costs of production

increase considerably if additional labor has to be hired

(Hoekstra, 1987). It is suggested that alley cropping is

economically attractive under conditions of severe cash

constraint where hired labor is available at relatively low

cost (Raintree and Turray, 1980; Verinumbe et al., 1984;

andf Sumberg et al., 1987). In the area of the study,

relatively low cost labor was available probably due to

declining farm size and productivity. Arnold (1987)

hypothesized that both of these factors result in an

increased labor pool seeking off-farm employment which may,

in turn, influence the adoption of agroforestry practices.

Under these conditions, alley cropping could be economically

viable for farmers, such as those producing coffee, who have

the ability to undertake the initial investments required by

the technology and, then, to hire the labor necessary to

manage it.

It could be argued that coffee farmers showed a higher

interest in alley cropping for fodder possibly because most

of their land was under coffee production rather than food

or feed crop production. However, farm size did not

influence significantly the interests of farmers in the use

of alley cropping for fodder or for mulch. Coffee farmers
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could have seen the technology as a means to increase

productivity on their small holdings. Planting trees for

fodder could reduce the coffee farmers' need for purchasing

livestock feed off the farm. Farmers with coffee bought

more feed for their livestock than those farmers without

coffee. By purchasing less from the outside, farmers with
coffee will have even more revenue to invest in other

activities (e.g., buying an ox-plow that is now probably

being rented, milk cows, etc.). The presence of animals on

the farm may in turn minimize the current purchase of

manure. The accrued savings could alternatively be used to

purchase manure, to increase food production, or to pay for
the education of the children. These projections are in

line with the view that one of the economic benefits of

agroforestry is to create capital stocks to meet

intermittent costs and unforeseen contingencies (Arnold,

1987) .

Cash generating activities are absolutely necessary

for farmers to buy farm inputs, food, and invest in cash

generating activities (e.g., fruit trees, vegetables, and

poultry keeping). Without inputs, production is low. The

low crop yields (0.3 t ha-1) even if increased ten-fold "by

some miraculous technology" are unlikely to sustain the food

needs of the large household members. From the on-station

studies, a significant response to mulch was obtained only

when it was applied at a rate greater than 4 t ha'1 season'1.
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The hedgerows, on the other hand, produced at most 2 t ha'1
season'1 from systems occupying 15%-25% of the land. The

potentials of mulch to improve yields is, therefore, limited

by the quantity of the mulch that the hedgerows can produce.

Theoretically, mulch yield could be increased by putting 50%

of the crop land to trees. It is unlikely, however, that

farmers with two to three hectares land would put 50% of

their land to trees/hedges.

Between the two tree species evaluated on the station,

leucaena was more competitive with crops than cassia.

Averaged over seasons, maize yield increased under cassia by

8% per season, while yields declined by 12% per season under

leucaena. However, the presence of mulch- and fodder-

interest groups suggests two recommendation domains

(research or extension): cassia for farmers with mulch-

interests and leucaena for farmers with fodder-interests.

The characteristics of the two tree species also lend

themselves to meeting the separate needs of the farmers.

Leucaena can be used for both fodder and mulch while cassia

has mulch but no known fodder value. Because leucaena is

competitive with crops, its planting would be outside the

crop fields which, as Arnold (1987) postulated, could

provide productive applications for under-utilized land,

labor or capital.
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Emerging Themes

One of the themes emerging from this study is that

farmers invested in soil fertility improvement and

productivity. Soil conservation, weeding, possession, or

use of an ox-plow could all be considered as investments.

These investments require cash and so will alley cropping

for establishment and maintenance of the hedgerows.

Farmers with coffee are more likely to acquire the

inputs to improve or sustain food production. Coffee was
<3

used as collateral to secure loans for education of the

children. Coffee is just an example of how a cash

generating activity can influence farmers' potential to

invest and adopt new technologies. It could be replaced by

any other enterprise. In fact, because of low prices of

coffee at the time of the present study, farmers were

replacing their coffee with fruit trees, vegetables, and

poultry, as alternative cash generating activities. One

could also visualize trees planted for production and sale

of fodder as an alternative technology. Planting and sale

of fruits, poles from trees (predominantly Eucalyptus but

also Grevillea), and firewood was common.

The changes from coffee to other enterprises as cash

generating activities are, indeed, positive. Coffee prices

have oscillated widely and farmers have not been able to

intercrop coffee (which they would like to do) because of

strict government protection of coffee. Sale of products
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from noncoffee enterprises is, however, unlikely to have

significant impact as a cash generating means unless they

receive similar support to that of coffee in terms of

research, extension, and marketing. Poor marketing and over

production can lead to losses. For instance, there have

been occasions, when mango and guava trees were in season,

fruit was rotting in the fields. Only farmers who could

afford to market their fruits outside the local market would

survive under such conditions of glut and poor marketing

opportunities. Fodder from hedgerows, if grown for sale,

could' have marketing problems over time similar to those of

fruits. This, however, is difficult to speculate about

since there have hardly been any fodder products from the

farms presented for sale at the markets.

Implications of Availability of
Trees and the Problems of Termites
on the Adoption of Alley Cropping

Seeds and seedlings

The question of availability of planting materials

(seeds or seedlings) was a major bottleneck to the farmers'
efforts to plant trees. To enhance availability of planting

materials, some farmers maintained their own nursery in

spite of the presence of various constraints. The question
of availability of planting materials is one that deserves

more discussion since it has implications on both the

research and development aspects of alley cropping. Without
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readily available planting materials, the station developed

technologies, whatever their potential, may not be adopted

by farmers.

It could be argued that the question of availability

of planting materials should be addressed only after a

viable technology has been developed on the station. The

fallacy with this prevalent attitude is that it would take

years for technologies to reach farmers and have an impact
on their lives. It also denies the researcher valuable

feedback from farmers that could enhance development of a

relevant technology, if for instance, components of the

technology were simultaneously being tried by farmers under

their different farming environments.

Of particular concern is research on some of the

agroforestry practices such as alley cropping that by nature

are long-term and also require a large number of planting
materials. To be effective for soil erosion control, or

mulch production, alley cropping requires a large number of

seedlings. For example, to plant 20% of the land under

hedges spaced, for instance, at 5 meters between rows and

0.5 m between plants in a row would require 800 plants/ha.

Assuming a highly optimistic 50% survival after six months,

one would require at least 1600 seedlings per hectare. If

all the 60 farmers interviewed were to plant 20% of their

land to hedgerows, this would require 96,000 seedlings. One

seedling would cost at least two Kenya shillings (0.1 $);
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96,000 seedlings would require $9,600 or $160 per farm. By

local standards, this is a lot of money and not readily

available to resource-poor farmers. In addition, there is

no infrastructure in the area to supply or sustain such a

supply of seedlings. Seed-based technology and not

seedlings would probably be a cost-effective means of

meeting potential demands for such amounts of planting

materials.

Unfortunately, all alley cropping studies at the

station were based on the use of transplanted seedlings with

a total lack of any research on direct planting of seeds in

the field. This is probably so because the uniform

establishment of trees under the conditions of the study was

easier from seedlings than from seeds. Uniform establish¬

ment of trees is an important consideration under conditions

of experimentation. An equally important question about

availability raised by the farmers was care and management

of the trees after planting. These included prevalent dry

conditions, browse by animals, weeds and termites. Of most

concern was damage of trees by termites.

Termites

Most of the farmers interviewed (86%) mentioned

termites as a major problem to raising trees. Termites were

also a major problem in the research station but were

overcome with termite control chemicals. However, farmers
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have not had ready access to chemicals as have researchers

on the station. Besides, some of the chemicals in the

market (e.g., DDT) are environmentally hazardous.

Typically, farmers use wood ash as a traditional control
measure for termites. However, the success of this practice

was highly variable from farm to farm.

Research into termite control is, indeed, the key to

success of any tree planting activity in this and other

similar areas. At the time of concluding the present study,

termite control studies were missing from the many trials at

the research station. In particular, it would be valuable

to explore the use of nonchemical methods such as wood ash,
their potentials and constraints.

Conclusions

Most farmers were interested in alley cropping. The

interest was perhaps more in the trees than in the alleys

created by the trees. There were two distinct interest

groups: primarily in fodder (62%) and, in mulch (33%).
Interests of farmers in alley cropping depended

significantly on five factors:

1. Presence or absence of coffee,

2. Use of mulch on the crop fields,

3. Use or possession of an ox-plow,

4. Use of fertilizer, and

5. Prior knowledge about the technology.
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With the exception of mulch use, the presence or absence of

the other factors depended significantly on the presence or

absence of coffee on the farm. For instance, 67% of the

fodder-interest group produced coffee and 76% of all coffee

producers were interested in the fodder production from

alley cropping. It did appear that coffee provided the

capital required to purchase inputs to raise or sustain

sufficient food production.

Farmers used many methods to maintain fertility and

productivity of their soils. The major ones were soil

conservation measures, use of livestock manure, use of

fertilizer, purchase of improved seeds, weed control, and

intercropping. Most of these measures required cash inputs.

Alley cropping would also require cash inputs for
establishment and maintenance of the hedgerows. Thus, alley

cropping would likely be limited to farmers with capital

(e.g., coffee farmers).

Although the farm holdings were small, with 76% of the

farmers sampled having less than three hectares, farm size

appeared unlikely to constrain adoption of the technology.

The major constraints identified were the capital investment

required to plant a large number of seedlings, availability
of the trees, termite problems, and fears of decreased crop

yields, due to competition from the trees.

Based on the results from the on-station studies,

which showed that leucaena was competitive with crops while
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cassia was not, it is suggested that alley cropping cassia

could be targeted to all farmers, and specifically, to

farmers with mulch-interest. On the other hand, leucaena

could be targeted mainly to farmers with fodder-interest.

However, the research suggested that leucaena be planted

separately from the crops. Notwithstanding the above

recommendation, cassia alley cropping has to be viewed

against the magnitude of gain in crop yield (8% over the

control), problems of pests, and mortality associated with

cassia (which may make replanting necessary after 3-4

years), and the costs and availability of the large number

of seedlings required.

Ninety-two percent of the farmers interviewed let

their livestock into the fields after the harvest of crops.

Therefore, whether alley cropped or planted separately from

crops, the trees/hedges are likely to be damaged by

livestock grazing in the crop fields.



CHAPTER 7
SUMMARY AND CONCLUSIONS

Maize yield of alley-cropped plots of leucaena and

cassia was higher than those of plots receiving mulch from

the block planting system. This suggested that the effects

of growing the hedges in situ was positive. The yield

advantage of alley cropping over the separate block planting

system, expressed as land equivalent ratio, was 36% and 12%

for cassia and leucaena, respectively. The amounts of mulch

applied to the alley cropped and block plating systems being

equal, the higher yield of the alley cropping systems could

be ascribed to effects associated with the in situ presence

of the hedgerows. Although not examined in the present

study, the in situ effects of the hedgerows could include

root and rhizosphere activities of the hedgerows (e.g.,

biological N-fixation, mycorrhizal association) and soil

erosion control. There is evidence from studies of others

that the soil erosion control aspects of alley cropped

hedgerows can be significant.

Between the two species, leucaena alley cropping

reduced maize by 12% per season compared to the sole crop

while that under cassia increased by 8% per season.

Leucaena produced more biomass (4 t ha'1 yr'1) than cassia

241
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(2 t ha'1 yr'1) ; also leucaena had higher fine root density

than cassia in the top soil (0-40 cm). Because of these,

leucaena was more competitive than cassia with maize. The

difference between the effects of the two species indicates

how performance of alley cropped hedgerows depends on the

tree species used, and suggests the need to include more

than one species in alley cropping studies. It also

suggests that management of the hedgerows may have to be

different even in the same experiment. It is possible that

leucaena would have been less competitive than it was in the

present study if the pruning frequency was more than 4-6

times a year. The use of more drought tolerant hedgerow

species and annual crops than leucaena, cassia and maize

could also have changed the results of the present study.

The reduced yield of maize under alley cropping

leucaena was due more to competition for water, and less for

nutrients since the plots were fertilized with both N and P.

Competition for light was probably negligible given that the

hedgerows were regularly (at least twice in a season) pruned

low (to 50 cm heights above ground). The presence and

effects, if any, of allelopathic chemicals was not studied.

Interestingly, maize yield nearer the hedgerows yielded

more than those away from them. The higher yield near the

hedgerows was attributed to higher water content near the

hedgerows than away from them. This resulted from lowered

soil bulk density and hence higher rates of infiltration
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near the hedgerows than away from them. It is possible that

other factors such as mycorrhizal association, root

turnover, and root exudates, and microbial activity could

have contributed to the higher yield near the hedgerows than

away from them. These factors were not examined in the

present study.

Planting the hedgerows outside the crops may also be a

management approach to avoid competition between the crop

and the tree hedgerows. Such a practice would particularly

be appropriate for a species like leucaena that has fodder

value but whose intercropping is detrimental to crop yields.

However, separate planting of the hedges from the crops (on

land that would otherwise be cropped) resulted in greater

reduction of maize yield than did alley cropping of both

species. The yield loss in the separate hedge and crop

planting system was nearly equal to the percentage of land

allotted to the hedges. This was so because the mulch

produced from the separate hedge and crop planting system

did not compensate (in terms of crop yield) for land lost

from cropping.

The amounts of mulch produced by cassia and leucaena

averaged 2 and 4 t ha"1 yr"1, respectively. The yields of

the block planted hedgerows outside the crop field were 14%

and 25% lower those of the alley cropped hedgerows of

leucaena and cassia, respectively. In the humid tropics

where mulch yields of alley cropped leucaena are reportedly
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as high as 8 to 10 t ha"1 yr"1) , significant improvements in

both soil fertility and crop yields have been noted. The

low biomass yield of the hedgerows that also decomposed fast

(half life of four weeks) was not sufficient to effect

significant improvements in soil fertility (organic C, total

N and CEC) and maize yields. Maize yields of plots with or

without mulch were similar. If the amounts of mulch applied

in a season could be increased to 4 t ha"1 or more, there

were indications from pot studies that increases in maize

yield could be significant. To obtain such levels of mulch

would, however, require that the density of the hedgerows be

increased to 2 to 4 times that of the present study. This

could result in further loss in crop yields due to reduction

of area available for cropping and possible competition from

the hedgerows.

The small amounts of mulch produced by the hedgerows

may have had significant effects on soil fertility and

productivity if the present studies were long-term and/or

the site was nutrient-poor. The present study was conducted

for only three years and on land not previously cropped for

more than 2 years. Also, moderate levels of chemical

fertilizer (40 and 18 kg N and P, respectively) were applied

to the plots each season. The higher relative indices of

available (KCl-extract) N observed in plots that were

mulched compared to those that were not may be important to

the productivity of N deficient soils.
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Improved levels of available soil N may result in

improved nutrition and yield of crop, particularly if the

periods of peak N mineralization from the mulch (four weeks

after application) are matched/synchronized with periods of

peak N uptake by maize (6-8 weeks after sowing). The low

apparent recovery of the mulch-N applied could be a

reflection of the absence of synchrony between the peaks of

mulch-N mineralization and uptake by the crop. In the

field, apparent N recoveries from the mulch of leucaena and

cassia were 3% and 7%, respectively. Studies using 1SN

tracers into the pathways and pools of N transfer from the

mulch may provide insights into the potentials of improving

the utilization efficiency of the limited amounts of mulch

available from the hedgerows. In addition, studies on time

of mulch application and/or the use of mixtures of mulches

of different qualities (i.e., variable rates of

decomposition) may help determine to what extent management

practices can achieve synchrony between mulch N

mineralization and uptake by the crop.

Based on the 8% increase in maize yield under cassia

alley cropping as opposed to 12% decline under leucaena, it

is tempting to recommend cassia alley cropping to farmers.

To put such a recommendation into perspective would,

however, require an understanding of the costs associated

with the 8% increase in maize yield from cassia alley

cropping as well as additional costs of replanting the
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hedges due to mortality of cassia with time. Up to 5% and

11% of the initial stands of the intercropped and block

planted hedgerows of cassia were dead 3-4 years after

planting. If it is economically positive and problems of

mortality are minimal or controllable, cassia alley cropping

would be recommendable on all farms, and particularly where

there are interests in mulch. It could also be recommended

for soil erosion control on all farms.

Most of the farmers were interested in the fodder than

the mulch aspects of alley cropping. Leucaena has fodder

value, cassia does not. But leucaena alley cropping is

favorable to crop yields. Therefore, planting of leucaena

separately from crops, perhaps on lands not suitable for

cropping, would be recommendable. Because of the initial

high investments required to establish the hedgerows, alley

cropping or block planting systems of hedgerows is more

likely to be adopted by relatively resourceful farmers such

as coffee growers than by poorer farmers. Termites are

major problems to on-farm tree planting. Therefore,

research into termite control methods that can be afforded

by farmers and that are also not environmentally hazardous

are necessary.
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