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ABSTRACT

In semi-arid areas of Kenya 95% and 70% of
pigeonpeas and maize, respectively are intercropped
annually. This study was designed to determine the
effects of intercropping pigeonpeas and maize at
variable plant densities and also to determine the
appropriate intercropping ratio or combination for
optimum economic yield.

Two pigeonpea cultivars were intercropped
with Katumani maize at three plant densities in Ka-
bete, Thika and Kiboko during the 1986/87 cropping

The experimental design was a split-splitseason.
plot with three replications at each location. Re­
sults indicated that intercropping and plant density
reduced leaf area and shoot dry weight of both pi-

Plant height of pigeonpeas wasand maize.geonpeas
reduced by intercropping while that of maize was

In pigeonpeas number of mature pods andincreased.
grain yield per plant were reduced by both inter­
cropping and high plant density. Reduction in 100
seed weight varied with location suggesting an en­
vironmental influence. For maize, number of cobs
and grain yield per plant were also reduced by
intercropping and high plant density.



.(xxiv)

Generally, yield per hectare of a species in
intercrop was lower than in monocrop, but total yield
of intercrops (pigeonpea + maize) gave higher yield ad­
vantage over monocrops. Land equivalent ratio (LER)
values indicated that all intercrop ratios were superior
to monocropping. At all the experimental sites best in­
tercrop combination was attained when

Each crop at an interrowalternated with a .row of maize.
spacing, of 105 cm.

a row of pigeonpea



CHAPTER 1

1.0 INTRODUCTION

Arable land shortage is becoming critical in
most countries, Kenya being no exception. This has
been a consequence of rapid increase in farm popula­
tion and the dwindling availability of new lands for
cultivation. In view of this, researchers should
now look for ways of exploiting land forresources
the maximum farm production. Intercropping is one
among many alternatives of improving and stabilising
food crop yields in subsistence agriculture.

Intercropping is a polyculture cropping sys­
tem in which two or more crops are grown simultane­
ously on the same area of ground. The crops might
be grown at different times but are usually growing
simultaneously for a significant part of their gro-

(Andrews and Kassam,1976, Willey,1979wing season
and Gomez » 1983). Generally there is interaction
during either all or part of crop growth (Andrews
and Kassam, 1976 ).

In a broad sense intercropping is a multiple
cropping system which Is related to several other
cropping systems practised under subsistence agri­
culture.
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'These include

(1) Mixed cropping which is growing two or
more crops simultaneously with no dis­
tinct row arrangement.

(2) Row intercropping is growing two or
more crops simultaneously when one or
more crops are planted in rows.

(3) Strip intercropping is growing two or
crops simultaneously in differentmore

strips, wide enough to permit indepe­
ndent cultivation but narrow enough for
the crops to interact agronomically.

(c) Relay intercropping involves growing
two or more crops simultaneously during
part of the life cycle of each. A
second crop is planted after the first
crop has reached its reproductive stage
of growth but before it is ready for
harvest (Andrews and Kassam, 1976).

Therefore, intercropping Is the opposite of
sole or monocropping which refer to a crop component
being grown alone at optimvun population and spacing
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(Willey, 1979).

Intercropping is an old practice used by sub­
sistence farmers especially under rainfed conditions
in parts of Asia, Africa and Latin America (Francis,
1978; Willey,1979; Nadar, 1980 and Gomez 1983).

Advantages associated with intercropping in­
clude

(1) Greater stability of yield over diffe­
rent seasons as influenced by environ­
mental and economic fluctuations.

(2) Higher yields in a given season than
in monocropping.

(3) Better use of scarce growth resources
(water, nutrients and light).

Better control of weeds, insect pests(4)
and diseases.

(5) A continuous leaf cover may give better
protection against soil erosion and

(6) Dependability of gross return (Norman
1974; Trenbath 1974; Francis 1978;
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Willey >1979; Nadar, 1980 and Gomez> 1983 ).
These advantages have justified the con­
tinued practice of intercropping in sub­
sistence farming.

There are however, disadvantages associated
with intercropping which include:-

(1) Yield decrease of component crops because
of adverse competition effects and;

The difficulties concerned with practical(2)
management of intercropping especially
where mechanisation is required or where
component crops have different fertilizer,
herbicide or pesticide requirement (Nor­
man* 1974; Willey*1979 and Nadar*1980).

In an intercropping system, the following con­
sideration should be made:-

The component crops of a cropping pat-(a)
tern must be planned and implemented
jointly because the management of one
component crop influences productivity
of other(s).
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(b) The appropriate management for the same
crop species may change depending upon
the position of the crop in the pattern,

and

(c) The management practice for a component

maximise product ion of that particular
crop but rather to maximise production
of the whole pattern (Gomez and Gomez,
1983).

More often intercropping legumes with non­
legume crops is a traditional practice among peasant
farmers in subtropical and tropical countries (Mongi

Practised on small farms, intercrop-et al, 1976).
ping system mostly involves cereal + legume mixtures
which provide a source of income as well as 注 balanced
diet for the farm family.

In Machakos district (Kenya) 95% and 70% of
pigeonpeas and maize are intercropped^ respectively.
Usually cereal + legume intercrops are planted du­
ring the short rains which normally occur between
late October and December annually. Among the

crop in the pattern is chosen not to
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cereals commonly intercropped are maize and sorghum
while legumes include beans, pigeonpeas, and cowpeas
(Muhammed et al, 1985).

Pigeonpeas are short-lived perennials often
cultivated as annuals. Due to their very strong,
deep tap root, they are drought tolerant. Its pro­
duction is widespread in India, Tropical Africa and
West Indies, parts of Central and South America,
Northern Australia, Hawaii and Mauritius (Gooding,
1962). It is sensitive to and frost.waterlogging
Pigeonpea 'ranks fifth in total world production among
grain legumes. The declining order being dry beans,
garden peas, chickpeas and broadbeans (Nambi, 1981).
In Kenya, it ranks third in importance among other
pulses and it covers an area of 110,000 hectares
annually. In the marginal areas of Kenya, pigeonpeas
rank first and are produced in the Eastern Province
and drier parts of Central and Coast provinces (Onim,
1977).

In Eastern Africa yields are low ranging be­
tween 400 - 850 kg/ha (F.A.O., 1983) but yields of
up to 2.6 tonnes/ha have been obtained in farmer's
fields growing the new cultivars in Kitui and
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Machakos districts in Kenya (Pigeonpea Improvement
Programme, 1986 ).

Maize (Zea mays L.) Is a stout annual grass
usually with a single stem,1-4 m tall. The stem
is solid with clearly defined nodes and internodes.
Maize is the third most important cereal in the
world (PursegloVe, 1972) and is found in tropical,

temperate countries of thesubtropical and warm
world.

In Kenya, maize is the most important cereal
crop both in high potential and medium potential

Total area under maize produc-areas (Chui, 1987 ).
tion is estimated at one million hectares of which
50% is in high potential areas, 15% in the medium

How-potential and 35% in the low potential areas.
farmers' yields are low (average of 1.9 tonsever

hectare) due to rainfall fluctuations, low soilper
fertility, damage by pest and poor husbandry (Onya-
ngo, 1987 ).

One of the difficulties confronting resear­
chers working with crop mixtures is the almost infi­
nite number of crop varieties' proportions and ar­
rangement within the intercropping system. Spacing
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of the component crops determine the proportions of
each crop per unit It is therefore a functionarea.
of plant density (population).

Plant density has two types of biological
relationships:-

(1) An asymptotic one in which an increase
in density results in increase in yield
until it reaches a maximum and becomes
relatively constant and

(2) A parabolic one whereby yield increases
to a maximum but then declines at high
densities (Willey and Heath 1969). For
reproductive form of yield (grains,
seed) the parabolic relationship should
be obtained in order to know at what
plant population density one should
operate.

There is a need to determine the optimum spacings of
component crops in an intercropping pattern which
will lead to maximum yield advantage for a small
farmer who practises intercropping.
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As a result of breeding work on pigeonpea
initiated at the University of Nairobi (Pigeonpea
Project)
farmers in Machakos, Kitui, Embu, Muranga and Ba-
ringo districts (Kimani 1985). However little ag­
ronomic behaviour of the variety is known. Although
some agronomic studies were conducted during 1985
short rains at Thika (Muranga district); limited
technology has reached the subsistence farming sec­
tor .

In view of the fact that pigeonpeas are usu­
ally grown in combination with other crops (especi­
ally maize),
the nature of such interaction and how productivity
of such system could be optimised, this study was
designed

To determine the effect of intercrop-(1)
ping on growth and development of maize
and pigeonpeas.

(2) To determine the appropriate pigeonpea:
maize intercropping ratio for optimum
economic yield.

a general lack of information on

a variety (NPP 670) has been released to
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To determine the effect of plant density(3)
and intercropping on yield and yield
components of both maize and pigeonpeas.

(4) To determine if food output per unit
area could be improved by intercropping
pigieonpeas with maize.



CHAPTER II

2.0 LITERATURE REVIEW

2.1 Effects of cereal-legume intercropping on
growth of component crops.

Okigbo (1979) evaluated plant interactions
and productivity in complex mixtures and found that
intercropping affected leaf area but effects varied
with crop.

The relative growth rate (RGR) increased
with the age of the plant. Net assimilation rate
(NAR) was highest at early stages of growth and was
dependent on intercropping pattern as well as number

Total dry matter was reducedof crops in a mixture.
by intercropping and dry weight of yield of diffe­
rent parts of the crop were significantly affected
by intercropping, the extent of reduction increased
with the increase in number of crops in mixtures.

Edje and Laing (1980) reported that total
dry matter of beans (either in monoculture or in
association with maize) increased almost linearly
with time until 86 days after planting (DAP) and
declined thereafter. At 58 DAP, total dry matter
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of maize in monoculture was 1.6 times higher than
that of maize and bean associates. At 53 DAP, light
interception was lower in intercrops than in mono­
cultures. Stem diameter was 22.7% thinner In asso­
ciation than in monoculture.

Experiments involving groundnut* maize
intercrops showed that growing maize in association

index by 50% butwith groundnuts reduced leaf area
had no significant effect on specific leaf area and
specific leaf weight (Edje, 1980).

Enyi (1973) at Morogoro, Tanzania, observed
that intercropping maize or sorghum with cowpeas or
beans led to a reduction in leaf area of both cereal

of maize by 49.7%Cowpeas reduced leaf areacrops.
while beans reduced it by 36.4%. The gross yield of
grain (cereal and legume crops) was greater in maize
than sorghum-intercrop plots. Total (gross) grain
yield of maize + cowpeas was 65.5 tonnes/ha whereas
that of sorghum + cowpeas was 63.0 tonnes/ha.

Gardner and Craker (1979) studied the com-
bean alone or in combinationpetitive effects on

It was foundwith three population levels of corn.
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that intercropping beans with corn decreased total
dry matter (TDM) of beans mainly due to effects

the number of pods per plant. Leaf and stemon
dry weight remained constant.

Natarajan and Willey (1979) at ICRISAT re­
ported that in an intercropping pattern of 2 rows
sorghum: 1 row pigeonpea, seed yield of pigeonpea
intercrop was 70% of the sole crop.

In intercropping systems of maize + beans;
maize + pigeonpea and maize + cowpeas in marginal
areas of Kenya, Nadar (1980) found that maize in­
hibited vegetative growth of pigeonpeas in compa­
rison to monocultural pigeonpea. This resulted
in delayed flowering and reaching maturity three
weeks later.

Kimani (1985) studied the response of pi­
geonpea to intercropping either with a cereal or
another legume. Results showed that intercropping
pigeonpea with either beans or cowpeas reduced
plant height of pigeonpeas but same trait was not
affected by intercropping pigeonpeas with either
maize or sorghum.
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2.2. Effects of intercropping on yield of component
crops.

Fisher ( 1977 and 1979) working at Kabete
Field Station in Kenya, conducted productivity stu­
dies of maize + bean and maize + potato mixtures
in alternate rows and at different plant population
densities in four cropping He concludedseasons .
that (i) in of low rainfall, yield from mix­seasons
tures fell short of that from pure stand resulting
in large reductions of maize yield due to competi-

bean: (ii) in exceptionallytion from the potato or
wet season a yield advantage was found in maize +
bean mixtures which could have been attributed to

efficient exploitation of the soil resourcesmore
due to different rooting habits (iii) although mix­
tures gave an apparent yield advantage over pure
stand this was attributable to increased populations
in mixture.

Evans (1960) at Ilonga and Mwanhala Tanzania,
sorghum withobserved that intercropping of maize or

groundnuts generally led to
production per unit area than by growing the crops

This was found in two areas ofin pure stands•

a greater overall crop
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contrasting levels of soil fertility and different
rainfall patterns. Similar results were later re­
ported by Evans and Sreedharan (1962) who intercrop­
ped castor bean with groundnut or soyabean.

Work done in Uganda by Osiru and Willey (1972)
involved mixtures of dwarf sorghum and beans (Phase。一
lus vulgaris) under intensive farming conditions.
Results showed that yields of mixtures were up to
55% higher than could be achieved by growing the
crops separately. It was concluded that this yield
increase must have been due to a greater utilizatIon.
of environmental resources due to different rooting
depths of the two crops and their different growth
cycles.

De Groot (1980) interplanted beans (Phaseolus
vulgaris) with maize (Zea mays) at various research
stations in Kenya to determine the most suitable

He observed that landdensities of component crops.
equivalent ratio (LER) for intercrops was greater
than 1, indicating that for the same yield more land
would have been required when grown in pure stand.
Further observations indicated that for dry beans
grown in Eastern Province of Kenya, intercropping

of beans between two rows of maize increasedone row
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bean yield by 50% over those of pure stand. However
maize yield in that intercrop was reduced by 65%.

Intercropping maize with nine different legu­
mes was studied by Agboola and Fayemi (1971) in the
rain forest zone of Nigeria. Results indicated that
cowpeas (Vipna sinensis) and green grams (Phaseolus
aureus) had much less effect on maize than popondo
(Phaseolus lunatus) and mucuna (Mucuna utilis).

Crookston and H ill (1974) observed that al­
though corn yields were significantly increased in
some combinations, the accompanying soyabean yields
were always reduced.

Trenbath (1974) , reported that most binary
mixtures have been recorded as yielding at a level
between the yields of the component monoculture.
This was termed as "non-transressive yielding". On
the other hand a minority of binary mixtures were
recorded as yielding "transgressively" i.e. they
yielded beyond the range defined by the yields of
the componqnt crops grown in monoculture.

Francis (1978) in his studies on multiple

cropping potentials of beans and maize, observed
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that planting dates could be critical for yields.
He reported that yield of maize planted before or
simultaneously with beans was not affected. When
beans were planted before maize, the latter suffe­
red from early conpetition and yields were reduced
by 30 - 50% or more depending growth habit ofon
variety and days to maturity. He also reported
that planting pattern of the maize and legume did
not affect the yield of maize.

In a study of cropping systems involving mil­
let ,sorghum and cowpeas in Nigeria, Andrews (1972)
observed that relay cropping and simultaneous inter­
cropping gave 59 and 80% more return respectively
than a sole crop of sorghum. It was suggested that
in order to attain increased returns from intercrop­
ping (1) the intercrop competition must be less than
intracrop competition and (ii) the effect of compe­
tition between/among crops could be alleviated when
their maximum demands from the environment occurred

This could be achieved by selec-at different times.
ting crops with different growth cycles.

on
intercropping soyabean sorghum with maize causedor

Cordero and McCollum (1979) in their study 

yield potentials of interplanted food crops found that
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maize yield reduction of 5-10%. Land equivalent
ratio of 1.20 - 1.40 was obtained thus suggesting
20 - 40% Increase in total production by intercrop­
ping.

Natarajan and Willey (1980c) studied the ef­
fects of moisture availability in groundnuts, millet
and sorghum in their mono and intercrops at ICRISAT,
India. They reported that intercropping may give
relative yield advantage under conditions of mois­
ture stress but little or none under no stress con-

It was further noted that the effects ofditions.
very complex and varied withmoisture stress were

arrangement within a combi-combination and rowcrop
nation.

Dalal (1974) reported that intercropping maize
mixed stand or in alternate rowwith pigeonpea in a

significantly increased the grain yield of maize
but not of pigeonpeas. Maize monoculture produced
3130, mixed stand 3735 and alternate rows 4460 kg/ha.
Pigeonpea monoculture produced 1871, mixed stand
1710 and alternate rows 1854 kg/ha.

Nadar (1980) reported that although inter­
cropping delayed flowering and reduced leaf area
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of pigeonpeas, it did not reduce grain yield of the
crop.

Kimani (1985) reported that intercropping
pigeonpeas with either sorghum or maize depressed
100 seed weight and seeds per pod of pigeonpeas.
The depression was dependent row arrangement andon
ratio of each species. Yield reduction in pigeon­
peas was 52.7% and 50.5% when grown with maize and
sorghum respectively. Maize yield reduction in in­
tercrop was 12.4%. Land equivalent ratio values
indicated that in all cases intercropping was supe­
rior to monocropping. It was concluded that alter­
nating two rows of pigeonpea with two rows of maize

the most efficient use of land.gave

Effect of intercropping on nutrient uptake2.3.

Dalal (1974) reported that maize grown in
alternate rows with pigeonpeas absorbed relatively
higher amounts of potassium (1.64), calcium (0.28)
and magnessium (0.31) kg/ha/week than monocultural

However pigeonpeas grown in pure stand ab-maize.
sorbed minimum amounts of same nutrients (0.73, 0.23
and 0.17 kg/ha/week of K, Mg and Ca respectively).
Inspite of the increase in mineral N due to fixation,
pigeonpea still responded to fertilizer N giving
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maximum production with 20 kg N/ha.

Willey (1979) showed that pigeonpea may nodu-
late better where the roots intermingled with those
of intercropped sorghum. He attributed it to the
fact that sorghum depleted nitrogen thereby stimu-
lating pigeonpea to fix nitrogen. He also sugges­
ted that component crops may exploit different soil
layers and hence in combination they may exploit

greater volume of soil.a

Effects of plant density2.4

2.4.1 General observations

In a study on multiple cropping potentials
of beans and maize, Francis (1978) found that den­
sities of crops in association were more specific

Heto locatIons than to other agronomic variables.
suggested that recommendations could be made for
a wide range of temperature and soil conditions.

Baker (1979) reported that within polycul­
ture systems there were two broad classification
of mixtures:-

Replacement mixture wherein one geno-(1)
type replaced a proportion of another



21

genotype and;

(2) Superimposed or additive mixture, where
one genotype was added to the other(s)
so that the final plant population was
considerably higher than had either
genotype grown alone. He suggested
that in a cereal and non-cereal mixture,
the yield of cereal remained constant
but yield from non-cereal was reduced.
Branching of non-cereal was reduced
and even suppressed resulting in diffe­
rent "shape" of plants.

Singh and Kush (1980) studied the effects
of plant density on growth and yielding ability of
pigeonpeas. They observed that cultivars differed
in response to plant population.

2.4.2. Effects of plant population on growth of
component 'crops.

Willey and Osiru (1972) working on beans and
maize intercrops suggested that because of height
differences of the two crops, an increased utili­
zation of light was probably a major contributing
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observedfactor to higher yields of intercrops. They
that the need for high population in mixtures was

high population pressure to produce their maximum
yield. Maize was reported to have higher competiti­
ve ability than beans as plant population was increa­
sed.

In another study on effects of plant popula­
tion on growth and yield of pigeonpea, Ogombe (1978)
reported that increasing plant density reduced num­
ber of flowers initiated and number of mature pods
but increased flower and pod abscission. It was
also reported that different plant density levels
reduced number of pods per plant resulting into re­
duced seed yield/plant.

Talhalkar and Rao (1979) studied the genoy-
type - plant density interaction on the develop­
ment of an optimum sorghum + pigeonpea intercropp­
ing systems. High recovery of sorghum yield (92%
of its sole crop yield) was possible when intercrop­
ped with pigeonpea at a density of 27,000 plants/ha
than at its optimum sole crop density of 55,000 plants

Erect variety of pigeonpea wasper hectare. more

indicated partly because the mixtures required a
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suitable for intercropping with sorghum than the
bushy variety.

Natarajan and Willey (1979) reported that
growth and yield of sorghum in an intercropping pa­
ttern of 2 rows sorghum: 1 row pigeonpea was si­
milar to that of sole sorghum. The pigeonpea in­
tercrop experienced considerable competition from
sorghum but after the sorghum harvest, it compen­
sated for the initial growth and produced yield equi­
valent of 70% of the sole crop. Increased pigeon­
peas population produced higher leaf area. There
was a positive response in total LER with an in­
crease in pigeonpea population and a negative one
with an increase in sorghum population.

Natarajan and Willey (1980a) conducted an
intercropping experiment with three plant population
levels of early sorghum (82 days) combined with
three plant population levels of late-maturing pi­
geonpea (173 days) in a 2 sorghum: 1 pigeonpea row

Results showed that' total dry matterarrangement.
and leaf area of sorghum showed some Increase with
increase in sorghum density in the early stages of
growth (20 - 50 days after emergence). Increase
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in pigeonpea density increased both dry-matter yield
and leaf area of pigeonpea. These effects were ref­
lected in final stalk and seed yield with highest
population (100,000 plants/ha) having highest stalk
and grain yield of 1673 and 732 kg/hat respectively.

Singh and Kush (1980) working with 10 culti­
vars of pigeonpea spaced at 150 and 50 cm between
rows, observed that crop growth decreased with 50
cm row spacing than 150 cm row spacing in all culti-

Plant population levels had no differentialvars.
The response of dry mattereffect on node number.

yield per hectare to plant population was not signi­
ficantly different at all densities. It was 37.5
tonnes/ha at density of 100,000 plants/ha and 40.0
tonnes/ha at density of 20,000 plants/ha.

In a plant population study of pigeonpea cul­
tivars planted at four plant population levels,
Kimani (1985) reported that NPP 670 (an early matu­
ring variety) showed little response to increasing
plant population but Kioko (
plant height decreased as plant density increased.
Results indicated that cultivars differ in their
response to increasing plant density.

a late maturing cutivar)
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2.4.3. Effect oE plant population on yield of
component crops.
Fisher (1977) studied the population pressure

in maize and bean mixtures at Kabete, Kenya. Results
obtained indicated that the apparent yield advantage
of mixtures over pure stand, was due to an increase
in plant population per unit area. In the sorghum­

sorghum:

vantages where the component crops are of different
growth patterns.

Lima and Lopes (1979) studied plant popula­
tion and spatial arrangement effects on maize + bean
intercrop. Results showed that the best yield advan­
tage occurred at higher plant population levels with

However percen-3 rows of beans.1 row of maize:
tage of lodging rose with increase in plant popula­
tion in maize reaching 97%. Grain yield of monocul-
tural maize decreased with an increase in plant popu­
lation while bean yield remained unchanged with an
increase in plant density.

Singh and Kush (1980) reported that grain

land equivalent ratio of 1.7 at ratios of
1 la------- ------- -耳Z pigeonpea and 乏 sorghum: 
ted that crop mixtures are likely to give yield ad-

pigeonpea mixtures, Osiru and Kibira (1979) achieved
1 
2

pigeonpea. They sugges-
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yield of pigeonpeas was severely reduced at high
plant population (100,000 plants/ha) because of
combined influence of decreased number of primary
branches, pod bearing and stem length. The length
of the reproductive zone was drastically reduced
at high population level, thus indicating the in­

relationship between the development of yieldverse
attributes and plant population.

In an experiment conducted by Kimani (1985)
determine the effect of plant density on yieldto

and yield components of pigeonpeas planted at four
plant population levels, results indicated that in­
crease in plant population decreased pods per plant,
and grain yield per plant. The decrease in 100 seed
weight, number of seeds per pod and grain yield per
hectare were cultivar dependent.

Pigeonpea. cropping systems2.5

In Kenya (Machakos district) 95% of pigeonpea
is intercropped with cereals mainly maize or sorghum
(Muhammed et al; 1985).

Reddy et al; (1986) reported that pigeonpea
grown in monoculture is relatively slow in utilisa­
tion of resources because of its slow initial growth



27

When it is intercropped with more rapidrate.
growing crops such as cereals, it can give subs­
tantial yield advantage. They suggested that pro­
longed slow growth of pigeonpea and its adjustabi­
lity to wide row spacings provided an excellent
opportunity for growing early maturing intercrops
so that early season resources could be used effi­
ciently. Three categories of pigeonpea intercrop
systems were advocated. They included:-

(1) pigeonpea with cereals

(2) pigeonpea with other legumes and;

(3) pigeonpea with long season annuals
(castor, cotton or cassava).

Among the three systems, pigeonpea +
cereal combination showed yield advantage (65%)
because cereal had rapid growth hence was harves­
ted before the reproductive stage of pigeonpeas.
In pigeonpea and other legume (groundnut) mixture,
high yields of groundnut were obtained; whereas
in the pigeonpea + castor intercrop results indi­
cated little or no yield advantage because long

annuals occupied similar agro-ecologicalseason
riches.
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Similar results were reported by Kimani
(1985) working on pigeonpea + maize or sorghum in­
tercrop and pigeonpea + cowpea or bean intercrop.
Results indicated that alternating two rows of pi­
geonpea with two rows of maize gave the most effi­
cient use of land (LER = 1.75)* LER values of pigeon­
pea + bean cowpea intercrop showed that legumeor
+ legume intercrop did not improved land use effici­
ency.

Methods of evaluating intercrop yield2.6
advantages

Several criteria have been suggested for eva­
luating yield advantages of intercropping. They
include

(1) Land equivalent ratio (LER) 一 is the
sum of the ratios of dry weight yields
of each crop in a mixture over its
yield in pure culture. It is a measure
of the area of pure stand required to
produce the same yields as the intercrop
under the same management (Okigbo, 1979).
LER index essentially compares producti­
vity in intercropping with that of mono­
crop, with values >1 indicating the ad­
vantage of intercropping (Gomez and Gomez
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1983). It is calculated as follows:-

(Gomez and Gomez, 1983)LER (xi/yi).

where xi is the yield of crop [ in intercropping
yi is the yield of crop i in pure stand

(2) Monetary index - this is based on market
prices of inputs used to produce some
amount of output.

ax -b (Gomez and Gomez,Monetary index
1983) where a is value of product (using market price)

is the yield of crop componentsx
b is the cost of production of component

crops (using prevailing labour price)
It's meaning is easily understood but prices of agri­

locations andcultural products vary widely over
time.

(3) Calorie equivalent in which the index
is expressed as an energy unit. It is
based on the inherent character of the
product itself but it is not easily
understood nor easily appreciated by

A high calorific value isfarmers.
generally not directly related to profi-

n E 
i=l
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tability. It is calculated as follows:-
-b' (Gomez and Gomez 1983)Calorie index a* x

(4) Relative crowding coefficient (RCC) is
the ratio of the yield per area of compo­
nent crops in a mixture over their yields
in pure stand at standard density (Okigbo,

It assumes that mixture treatments1979).
assume replacement series. Each species
has its coefficient (k).

It* s general formula is:-

kab = [Willey, 1979])x Zabaa
relative crowding coefficientwhere kab

Yab

Zab

sownba

If a species has a coefficient less than, equal to
greater than 1, it means that it has producedor

less yield, the same yield or more yield than

proportions of species b (in mixture 
with a)

where a* is value of total product in calories 
x is the total yield of component crops 
b' is the cost of production in calories.

mixture yield of species a (in combination 
with b).

Yoo
ELSL 

z

^ab x %ba 
(Y- - ¥ab

pure stand yield of species a

sown proportions of species a 
(in mixture with b).
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"expected" respectively.

(5) Relative yield (RY) is the ratio of the
species in mixtures to its

It is beneficialyield in pure stand.
to intercrop when the sum of the RY of
any two crops is >1.

Hilderbrand (1976) and Flinn (1978) sugges­
ted that criteria for the choice of productivity
index should be:-

(a) Common to all products and inputs and
must provide means of comparing diffe­
rent cropping patterns,

(b) Relatively easy to measure,

(c) Capable of reflecting quality differences
between the products,

.(d) Meaningful to the farmer in such a
way that it helps him to allocate his
resources between competing uses and

(e) Meaningful to researcher so that new
technologies can be compared with
existing ones.

yield of a
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Okigbo (1979) suggested that among the indices
used, land equivalent ratio,monetary index, relative
yield and calorie equivalent would be reliably used
to select efficient mixtures for relay and simulta­
neous intercropping.



CHAPTER III

3.0 MATERIALS AND METHODS

The study was conducted at three locations,
Nairobi, Muranga and Machakos districts in the Repu­
blic of Kenya. ' The reason for choice of these loca­
tions was the variation in agro-ecological zones
characterised by soils,temperature and moisture avai­
lability .
3.1 LOCATIONS

3.1.1 Kabete - Experiment (I) was laid at Kabete
Field station (Nairobi district) on latitude 1° 14'
20"S, longitude 36° 451E and altitude of 1820an
metres above sea level (MASL).

On the average Kabete receives about 1046 mm
of rainfall per annum with mean temperatures of 23.4°
and 12.6°C (maximum and minimum respectively). The
soils are deep, friable, clay soils resistant to soil
erosion (Keya and Mukunya, 1979).

3.1.2 Thika - Experiment (II) was conducted at the
National Horticultural Research station Thika
(Muranga district) 01° 01' S, longitude 37° 04' E
and an altitude of 1600 MASL. The station receives

average rainfall of 1018 mm per annum with meanan

33
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temperatures of 26.4° and 13.3°C (maximum and minimum
respectively). The soils are well drained, extremely
deep, dusty red to dark reddish brown, friable clay
with moderate fertility'(Jaetsold and Schmidt, 1983B).

3.1.3 Kiboko - Experiment (III) was set at Kiboko,

sub-station of National Dryland Research stationa
Katumani (Machakos district). Kiboko receives an
average rainfall of 595 mm per annum with mean tempe­
ratures of 28.8° and 16.4° (maximum and minimum res­
pectively ). It is found on latitude 02°S, longitude
37°E and altitude of 975 MASL. The soils are well
drained, deep dark red to strong brown, friable
sandy clay to clay soils with moderate to low ferti­
lity (Jaetzold and Schmidt t 1983 C).

PLANT MATERIAL AND EXPERIMENTAL DESIGN3.2

A split-split plot design was used with three
replications at each location.

3.2.1 Main plots
Main plot treatments were two cultivars

of pigeonpea• Pigeonpea cultivar NPP 670 (Nairobi
Plgeonpea Project) and Katheka were used. The
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drought tolerant, maturing in about 5 - months

The maize cultivar was
Katumani composite (B) which has been specifically
bred for semi-arid areas and is therefore widely

It matures in about 120 days after plantinggrown.

3.2.2. 'Sub-plots

Inter-row spacings of 75, 90 and 105 cm were
the sub-plot treatment. These variable inter-row
spacings were
tare.

'Sub Sub plot目3.2.3

Cropping pattern/system and row arrangement
the sub sub plot. The cropping system waswere

either monocultural or intercropped plgeonpeas and
maize as shown on the following page. Treatment
codes were used to differentiate the cropping pat­
tern as shown on page 37.

late maturing vvariety (9 - 10 mcxiths) but well adapted to 
semi-arid areas of Kenya.

cultivar NPP 670 is determinate, high yielding, 
6*

after planting (Kimani, 1985). Katheka is a local,

a function of plant population per hec-
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Treatment code Treatment combination

1 Pigeonpea pure stand
Maize pure stand2

3 1 row

4 of pigeonpea + 1 row maize

5

This was defined as the entire3.2.4 Gross plot size.
of the plot excluding paths and alleys. Thearea

areas were as follows:-

(269.5A2)24.5 m x 11 mMain plots

(73.5m2)24.5 m x 3 mSub plot

(13.5m2 )4.5 m x 3 mSub sub plots =

3.2.5 Net experimental plot size. This was defined
as the area from which final harvesting was done.
It excluded guard rows, sampling rows and guard
plants. In this study the net experimental plot for
sub sub plot was 8m2 <

1 row
(for maize 2 and 1 plant were 
alternated per hill).

pigeonpea + 1 row maize 
each planted at 1 plant per hill.

1 row of pigeonpea + 1 row maize 
(for maize 2 plants per hill were 
planted).
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3.3 PLANT POPULATION (PLANT DENSITY)

Pigeonpea in pure stand was planted at three
interrow spacings of 75, 90 and 105 giving plant
densities of 44444, 37037 and 31746 plants per
hectare, respectively. Intra-row spacing was con­
stant at 30 cm between plants. Similarly, maize
in pure stand had variable interrow spacings of 75,
90 and 105 cm giving plant densities of 53333, 44444
and 38095 plants per hectare. Intra row spacing

In intercropped plots i.e. treatments 3, 4
and 5: one row of maize was planted halfway between
two rows of pigeonpea as indicated in 3.2.3. In
this pattern, plant population per hectare (for maize)

maize as 1:1,increased giving ratios of pigeonpea:
1:1.75 and 1:2.

3.4. TIME OF PLANTING

Pigeonpeas are usually planted during the short
rains which normally occur between October and Nov­
ember each year (Appendix Figure 1).

At Kabete the experiment was planted on October
24, 1986: at Thika on October 29, 1986 and at
Klboko on November 13, 1986. Time of planting was

was constant at 25 cm between plants. Spacing between 
any two pigeonpea or maize rows was either 75, 90 or 105 cm.
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dependent on the onset of rains.

3.5 CROP MANAGEMENT

All plots received uniform rate of fertilizer
at 100 kg diammonium phosphate (18% N, 21 - 23% P)
per hectare. All applied at time of planting.

Thinning of maize was done at 2 weeks after
germination while that of pigeonpea was done one
month after germination at all locations.

Hand weeding was done throughout the cropping
season so that crops were weed-free at all times.
At Kabete and Thika, six weedings at each location
were done while at Kiboko only four weedings were
done.

Pests and diseases were kept at low levels by
For maize spraying was againstspraying schedules.

stalk borers (Busseola fusca, Sesamia calamistris
and Chilo partellus). For pigeonpeas main pests were
pod fly (Melanogromyza chalcosoma) and pod borers
(Heliothis spp. and Marlca ’testulalis). Diseases
for pigeonpea included leaf spot (Mycorellosiella
cajanl) and Fusarium wilt (Fusarium udum).
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Before flowering of pigeonpeas 25 ml Rogor +
60 g Dithane M45 in 20 1 of water were sprayed at
monthly intervals. At flowering and podding of
pigeonpeas, 30 ml Rogor + 60 g Dithane M45 in 20 1
water were sprayed fortinightly until pod filling
was complete.

3.6 DATA COLLECTION

3.6.1 Pigeonpea data, collected during growth and
development

(a) Leaf area (LA) per plant. This was deter­
mined by using leaf area meter. Leaves
of five plants (randomly selected from

individually and a reading was recorded
in square centimetres. Leaf area per plant

therefore calculated as mean of thewas
reading from five plants. Only a single
row from a plot was sampled at 5, 10 and
12* weeks after germination for Thika and
Kiboko.

At Kabete, sampling for the same parameter
done at 5, 10 and 15 weeks after ger-was

.mination.

a plot) were passed through the meter
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(b) Shoot dry matter. Five randomly selected
sampling row

at same time as in (a) above. Plants
were separated into leaves and stems
(roots exclusively) and were oven dried
at 60°C to constant weights. Dry matter
per plant was mean weight of five plants.

(c) Plant height. This was determined by mea­
suring height of five randomly selected
plants from each plot by using the cen­
tral axis. Height per plant was a mean
value in centimetres of the five plants.

at Thika and Ki-season
boko and 15 W.A.G. at Kabete as well as
at harvesting for all sites).

Pigeonpea data collected at harvesting3.6.2

Data of yield components were recorded from
the harvest area (net experimental plot). Four
three, and two rows were harvested for the 75, 90

spaced plots, respectively. In eachand 105 cm
row, two end plants were left as guard plants.

This was done twice during the cropping 
+(at 12i W.A.G. 

+

plants were uprooted from a
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(a) Number of primary branches. Branches of
five randomly selected plants from the
harvest area were counted and
mean number of primary branches cal­
culated .

(b) Pods per plant was determined by counting
pods of random sample of five plants from
the harvest area and a mean number was
pods per plant.

(c) Seeds per ped. Ten pods were selected
at random from each sample of five plants.
A mean of that was recorded as the nu­
mber of seeds per pod.

(d) Seed-size was determined by weighing 100
dry seeds taken randomly from each sample.

From the harvest(e) Grain yield per plant.
number of plants were counted be-area,

fore harvesting. Weight of dry grain
obtained per harvest area was divided
into the number of plants that were har­
vested thus giving grain yield per plant.
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(f) Grain yield per hectare. It was calcu­
lated by multiplying grain yield per
plant x expected plant density per hec­
tare .

3.6.3 Maize data recorded during growth and develop-
ment phases.

(a) Leaf area per plant. This was determined
for pigeonpeas and at the same time.as

(b) Shoot dry matter - same procedure as for
pigeonpeas was followed. Weight of lea-

stems and cobs were obtained afterves,

drying the materials at 80°C to constant
weights. Shoot dry matter per plant was

combined weights obtained from leaves,mean
stems and cobs.

It was determined as(c) Plant height.
height measured from soil level to the

Five plants were ran-base of a tassel.
domly selected from the harvest area and

height in centimeters gave planta mean
This measurement washeight per plant.

done at tasselling time and harvesting
at each location.
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3.6.4 Maize data recorded at harvesting

Data of yield components were recorded from
the harvest area as pigeonpeas. Four, three and two
rows were harvested for the 75, 90 and 105 cm spaced
plots, respectively. In each row, two end plants
were left as guard plants.

(a) Cobs per plent. Number of plants in the
harvest area were counted prior to har­
vesting. Cobs per plant were determined
by dividing harvested cobs into the nu­
mber of plants harvested in each plot.

Ten cobs were selected(b) Rows per cob.
randomly from each plot sample, then rows

Rows per cobof each cob were counted.
determined as a mean number of rowswere

from ten cobs.

Ten cobs were selected(c) Kernels per row.
randomly from each plot sample. The
number of kernels in each row for ten
cobs were counted and a mean value cal­
culated.
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(d) Grain yield per plent was determined by
dividing the total dry weight of kernel
obtained from a plot by the number of
plants harvested.

(e) Kernel weight was determined by weighing
100 dry kernels taken at random from each
plot sample.

It was calcu-(f) Grain yield per hectare.
lated by multiplying grain yield per
plant by expected plant density per hec­
tare.

3.6.5 Meteorological date

Weather condition information regarding rain­
fall and atmospheric temperature during cropping time

theobtained from meteorological stations nearwere
experimental sites.

Information on rainfall and temperature was
recorded throughout the cropping season and is pre­
sented in the Appendices 1, 2, 3, 4 and 5.
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3.7 ANALYSIS OF DATA

Data were subjected to statistical analysis

3.7.1 Analysis of variance (ANOVA)

Procedure for split-split plot design as des­
cribed by Steel and Torrie (I960) was followed.
Means of those traits which showed significant diffe­
rences were further analysed using the least signifi­
cant difference (LSD) multiple test whose formular
is: -

场 ‘2 MESLSD

where MES is mean square for error

a - percent level of probability
-is sample size or number of replicationr

t

L&nd Equivalent Rati。 (LER)3.7.2
index used to evaluate yield advan-LER is an

tage of an in tercropping over monocropping technology.
This index is easy to use and satisfies most of the
conditions given by Hilderbrand (1976) and Flinn(1978).

is cumulative t distribution value ta­
bulated according to degrees of freedom.
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It was computed using the following formula:-

(Xj/YQ

is the summation of all values

Xj is the yield of crop in intercrop

Coefficient of variaticxi - the relative variation in the3.7.3
experimental variables was estimated by using the
coefficient of variation, calculated by using the
following formula:

CV ■- (100)

n
LER = E 

i=l

n
Where z 

i=l

Yq is the yield of crop 工 in pure 
stand.

/Mean square :for Errof, 
Grand mean



CHAPTER IV

4.0 RESULTS

4.1 EXPERIMENT (I). KABETE

4.1.1 General weather condition

Rainfall and temperature conditions are
presented in Appendices 1 and 4- During the

period of this study total rainfall at Kabete
Mean temperatures were 23.7°C andwas 1082 mm.

12.5°C (maximum and minimum, respectively). The
rainfall pattern was bimodal with highest records
in November, 1986 for short rains and April, 1987
for long rains.

Effect of intercropping and plant density4.1.2
growth and development of componenton

on:crops

Neither inter-(a) Duration of flowering.
cropping nor plant density affected
the duration to 50% flowering of com-

However there were dif-ponent crops.
ferences in duration to flowering be-

cultivars.tween pigeonpea

48
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NPP 670 being early maturing variety,an
had two flushes of flowering. The first

was observed on 20th February, 1987one
irrespective of the treatments. Flowers
aborted due to pod fly infestation and
dry spell that was prevailing. Consequ­
ently there was no first crop of NPP 670.
Second flush occurred two months later.
Therefore,NPP 670 had first flush within
120 days after planting.

Katheka. (a late maturing cultivar) had the
first flush of flowers within 160 days
after planting. In maize, tasselling occur­
red 60 days after planting.

(b) Time to maturity
NPP 670 was expected to have matured by April,
1987 had the flowers not aborted. After
second flowering maturity of NPP 670 was
reached within 45 - 50 days irrespective of
plant density or intercropping pattern.
Katheka matured within 270 - 280 days after
planting while maize reached maturity within
120 days after planting without the effect of
plant density or intercropping pftttecn.
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(c) Leaf area per plant
Table 1 and 2 show the effect of intercro­
pping and plant density on leaf area of

of pigeonpea did not differ significantly
in leaf area during this time. However
this trait was affected by both plant den­
sity and intercropping.

in pigeonpeas.
densities of 44444 and 37037 plants/ha

by 22-27%. Highestreduced leaf area
leaf area per plant was observed in plots
with plant density of 31746 plants/ha.
This illustrated an inverse relationship
between plant density and leaf area i.e.

plant density increased leaf area peras
plant decreased.

Intercropped plots had significantly
lower leaf area than pure pigeonpea
plots (Figure 1). Leaf area reduction
due to intercropping varied from 40 to
80%. In general, leaf area per plant

pigeonpea cultivars at 5, 10 and 15 weeks 
after germination (W.A.G.+). Cultivars

Plant density reduced leaf area per plant
At 5 and 15 W.A.G.+ plant
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decreased the intercrop ratio incre-as
ased. However leaf area reduction due
to intercropping was dependent on cul­
tivar.

In maize, leaf area per plant was only
affected by intercropping as shown in

Intercrop ratio of 2:1 (maize:Table 3.
pigeonpea, respectively) had the low­
est leaf area per plant. However maize
leaf area in pure stand was not signi­
ficantly higher than maize at an inter­
crop ratio of 1:1 (maize:pigeonpea).

Shoot dry weight per plant(d)
Table 4 shows the effect of both intercrop-

of pigeonpea. At 5 and 10 W.A.G. pigeon­
pea

Katheka had higher dry weight per plant
Katheka had a mean drythan NPP 670.

weight of 24.1 g while NPP 670 had 12.8
g per plant.

ping and plant density on shoot dry weight

cultivars did not differ significantly
in. shoot dry weight. However at 15 W.A.G.，
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from that of 37037 plants/ha.

Monocropped pigeonpea had significantly higher dry

ratios increased i.e. intercrop ratio of 1:1an
(pigeonpea:maize) had higher dry weight per plant

At close row spacing (75 cm)than other ratios.
dry weight per plant was 35% lower than at wide spa­
cing (105 cm).

Table 5 shows the effect of plant density an d'­
in ter cropping on shoot dry weight in maize. Results
were

In maize, dry weight per plant was reduced
Pure stand maize had significantlyby intercropping.

generally similar to those of pigeonpeas; for
一一__-_ + , , , — ,

weight per plant than intercropped pigeonpea. Dry 
weight per plant decreased consistently as intercrop

Figure 2 shows the response of dry weight to 
intercropping ratios and three interrow spacings.

Dry weight was reduced as density increased. 
Although a density of 31746 plants/ha had the high- 
est dry weight it was not significantly different

example at 5 and 10 W.A.G. plant density did not 
significantly affect shoot dry weight. However at 
15 W.A.G.+ low plant density (interrow spacing 105 
cm) had significantly higher shoot dry weight than 
interrow spacing of either 90 or 75 cm.
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Shoot dry weight per plant decreased with
increase in the intercrop ratios and this reduc-an

tion accounted for 20 一 30%

(e) Plant height
Plant height of both pigeonpea and maize
at different stages are shown in Table
6.

Pigeonpea cultivars differed signifi­
cantly in plant height. Katheka had
taller plants than NPP 670 at all sam­
pling stages. Plant density did not

Intercropping redu-affeet this trait.

height varied between 18 and 28%. At
harvesting however, intercropped pi­
geon peas had taller plants than mono-
cultural pigeonpeas and the increase in
height varied between 2 and 8%.

Generally similar results to those of pigeon-
Inter-peas were observed In maize at harvesting.

cropped maize had 1% to 7% taller plants than maize
in pure stand.

higher shoot dry weight per plant than intercropped 
maize.

ced' plant height of pigeonpea, at 15 
W.A.G.+ and this reduction in plant
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Effect of intercropping and plant density4.1.3
on yield components of pigeonpea.

Table 7 and 8 show the effect of intercrop­
ping and plant density on yield components of pigeon­
peas .

(a) Number Of primary branches per plant

Pigeonpea cultivars differed significantly
Katheka had a higherin this trait. nu­

mber of branches per plant than NPP 670.
On the average Katheka had 9.0 branches/
plant while NPP 670 had 6.5 branches/
plant. Neither intercropping nor plant
density affected number of primary bran­
ches per plant at Kabete.

Number of pods per plant(b)

The two cultivars showed significant
difference in number of pods per plant.
Katheka had an average of 73.1 and NPP
670 had 28.1 pods per plant.

Plant density affected this trait signi­
ficantly. At a density of 44444 plants/

cultivars had the lowestha the two
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number of pods per plant and high-was
est at 31746 plant/ha. Reduction in
number of pods per plant with increasing
density varied from 16% to 35%.

Intercropping also reduced number of pods per
plant ・ Monocultural pigeonpea had an average of 89.6
pods/plant whereas intercropped plots varied between
44.9 and 30.0 pods/plant. Reduction in number of pods
per. plant due to intercropping accounted for 51 - 67%
with highest reduction corresponding to intercrop ratio
of 1:2 (pigeonpea: maize). There was significant dif­
ference in cultivar x crop combination interaction
indicating that as intercrop ratio increased9 pods per
plant decreased and the effect was significant between
cultivars.

Number of seeds pOr pod(c)

The two cultivars differed in number of
seeds per pod, with Katheka having an

number of 6.1 and NPP 670 hadaverage
4.9 seeds/pod.

Neither intercropping nor plant density

affected number of seeds per pod signi-

ficantly.
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(d) 100-seed weight.

There were no significant differences
among treatments for this trait, al­
though 100 seed weight ranged from
20.3 g for NPP 670 to 21.6 g for Ka-
theka.

(e) Grain yield per plant

The two cultivars differed significantly
in grain yield per plant. Katheka had
79.9 g and NPP 670 produced 13.5 g/plant.

Plant density results revealed that high density
reduced grain yield per plant. At a density of 44444
plants/ha grain yield was reduced by 39% as compared
to a density of 31746 plants/ha. However grain yield
per plant at density 31746 plants/ha was not signifi­
cantly different from that of 37037 plants/ha. As
plant density increased grain yield per plant decreased.

Intercropping reduced grain yield per plant
It was observed that monoculturalsignificantly.

pigeonpea outyielded the intercropped plots. Inter­
cropping reduced grain yield per plant by 37 to 44%.
As intercrop ratio increased grain yield per plant
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decreased. There was a significant difference in

in intercrop

4.1.4 Effect of intercropping and plant density
on yield components of maize.

Most of the maize yield components such as
number of rows/cob, kernels/row and weight of 100
seed were not affected by either intercropping or
plant density. Table 9 shows the trend for these
traits.

Number of cobs per plant(a)

Only intercropping affected this trait.
In maize pure stand, number of cobs were
higher than intercropped plots of maize.
However, pure stand plots of maize were
not significantly different from an
intercrop ratio of 1:1 (pigeonpea:maize ).

As intercrop ratio increased number of
cobs per plant decreased significantly.
Plots with intercrop ratio of 1:2 (pigeon­

maize) had 18% less cobs/plant thanpea:
monocultural plots.

cultivar x crop combination interaction indicating 
that grain.- yield per plant decreased with an increase

ratio (Tables 7 and 8).
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(b) Grain yield per plant

Intercropping reduced grain yield per
plant. Maize in pure stand produced
113.7 g/plant while intercrops produced
102.3, 98.5 and 89.1 g/plant for inter­
crop ratios of 1:1.75, 1:1 and 1:2 res­
pectively. Intercrop ratio of 1:1.75
did not differ significantly from 1:1
but rat io 1:2 had the lowest grain yield
plant.

4.1.5 Land productivity

Land productivity was evaluated by using the
Table 10 showsland equivalent ratio (LER) index.

the land equivalent ratios obtained at different den­
sities and intercrop combinations.

Results indicate that pigeonpea in intercrop­
ping yielded less than in monocropping at the equi­
valent plant density. This reduction in yield ran­
ged between 4 - 5% in NPP 670 and 5 - 22% in Katheka.

However, intercropped maize had similar yields
per hectare as In monocropping.

Cultivars responded differently to intercrop
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ratios. For NPP 670, land equivalent ratios increa­
sed with an increase in intercrop ratio to a maximum
and declined thereafter. Thus at an intercrop ratio
of 1:1 LER was small but as intercrop ratio was in­
creased to 1:1.75 the LER reached a maximum (Table
10). At this ratio the LER was 2.58 and was attained
at plant density of 31746 plants (pigeonpeas) + 57142
plants (maize) giving total density of 88888 plants

Yield advantage was therefore 158%.per hectare.

Katheka had the lowest LER at intercrop ratio
of 1:1 but increased linearly as the intercrop ratios

The highest LER of 3.01 was attained atincreased.
plant density of 31746 plants (pigeonpea) + 76190

plants (maize) giving total plant density of 107936

plants/ha. Therefore intercropping Katheka + maize

at 1:2 ratio had yield advantage of 201%.

It is however interesting to note that yields of

This could havehigh (7-8 tonnes/ha).maize were very

basis byto grain yield hectaregrain yield plant
using the plant population factor.

been due to the method used to convert the yields from 
-1 . ____________—1
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4.2 EXPERIMENT (II), TIIIKA

4.2.1 General weather condition

Rainfall and temperature data are presented
in the Appendix 2.

Thika received total rainfall of 812.9 mm du­
ring the period of study, with highest rainfall in
November, 1986 for* short rains and April, 1987 for

Mean temperatures were 25.8°C and 14.5°Clong rains.
for maximum and minimum, respectively・

4.2.2 Effect of intercropping and plant density
growth and development of componenton

crops on:

(a) Time of flowering

Time of flowering was not affected by
neither intercropping nor plant density
because plants of the same genotype
flowered about the same time irrespec­
tive of the treatment.

NPP 670 came into first flush on March 25th,
Flowers aborted due1987 ( 150 days after planting).

to pest infestation and dry spell that was prevai-

second flush had developed by May'ling. However a
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8th, 1987. Katheka flowered 15th July, 1987 (abouton
210 days after planting. Tasselling in maize occur­
red within 50 days after planting.

(b) Time to maturity

As earlier mentioned, NPP 670 first
flowers aborted hence there was no first

After the second flowering, matu-crop.
rity was attained within 80 days.

Katheka reached maturity within 300 days after
planting irrespective of treatments. Maturity in maize

attained within 105 days after planting.was

Leaf area 'per plant(c)

Effect of intercropping and plant density
on leaf area of two pigeonpea cultivars

The two cultivarsis shown on Table 11.
did not differ significantly in leaf

at all stages when sampling wasarea
done. Similarly, plant density did not

However, at 12* W.A.G. a den-W.A.G.
sity of 37037 plants/ha had the highest
leaf area (2346.17 cm2/plant) but was

affect leaf area per plant at 5 and 10
+ 一一 一 - c +
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not significantly different from that

of 31746 plants/ha. The highest den­
sity of 44444 plants per hectare (row
spacing of 75 cm) had the lowest leaf

per plant (Figure 3).area

Intercropping (crop combination) affected leaf

area of pigeonpeas at all sampling stages. It was

was reduced. At 5 W.A.G.

ried between 24% and 38%. At 10 W.A.G. the reduction
in leaf increased between 50% and 59% but stabi-area
lized thereafter. Monocultural pigeonpeas had signi­
ficantly higher leaf area than intercropped pigeonpea.

Table 12 shows the mean squares of two cultivars
of pigeonpeas as

there was significantAt 10 W.A.G.and plant density.

difference in plant density x crop combination inter­

intercrop ratio increasedaction indicating that as

significant decrease in leaf area.there was

In maize significant differences were observed
among intercrop ratios as shown in Table 13. At 5

had higher leaf areaW.A.G. monocultural maize

they were affected by intercropping 
+

reduction in leaf area va-
…一一一 一 +

observed that as intercrop ratios increased leaf area 
+
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1
5000-1

4000-
o

3 000- p9

2000-

1000-

1 I
15

Illi

10 15
I I I

10 15 1055

Weeks after germination

Fig. 3.

[b] 90cm row 
spacing.

□ Pigeonpea: Maize [ 1 ： 1.75 ]
■ ” : M [1:1]

JU

o Pigeonpea pure stand
• Pigeonpea: Maize [ 1 ： 2 ]

0-T
5

[c] 105cm row 
spacing.

[a] 75cm row 
spacing.

!•； l- Lee I. of intercrop ratios on 
pea p .1 an Led al three row spacings. 
1986, at Thika.

leaf area ol' pigeon- 
Short rains
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(2479.6 cm2 /plant) than intercropped maize. Leaf
area was reduced as intercrop ratio was increased.
This reduction in leaf area by intercropping varied
between 15% and 33%.

that monocultural maize had significantly higher leaf
area than intercropped maize. Reduction in leaf area
induced by intercropping at this stage varied between
20% and 39%. An intercrop ratio of 1:2 (pigeonpea:
maize) had the lowest leaf area per plant at all stages
of growth.

Shoot dry-weight pef plant(d)

Effects of intercropping and plant den­
sity on shoot dry weight of pigeonpeas

shown in Table 14. At all samplingare
stages cultivars did not differ signi­

ficantly in shoot dry weight per plant.

Statistically, plant density had no sig­

nificant effects on dry weight but when

plotted, 105 cmdry matter values were
spacing had the lowest dry weightrow

(Figure 4).

At 10 W.A.G： there were similar observations



80

6 6 9 9Z
o m

6。6 CO co z
寸6 Z Cl Z 9

CO 6 9 6 6 9
g 9 9 9 CO9 00

6 IO 8 E 8 9 CM 6
CM CM卜

m g9 o <« g»>•
o o

(ft 6 8CM 6 8 m CO
o CM o

m m

co z

m o C4 04

puss End 

是，
一
一
一
受

。吕g
 
+ 

0Z9 ddN
88888

O
Z
H
W
 
+ 0

、g ddN
g

三
二

1
二

O
ZTW 

+ 
O
S
 ddz

9FZIC
O

ZEO

斜

ZEO

斜

BE
 

寸

M
869

I8E8
=

 ZZ6

9WICO
 

莒
斜 

v
s
?

9E6Z0I 
06I9Z

 
gz6ga 

s
^
s
 

om
gl 

999901

S608E

COEEES

9"m
 

斜0

斜 

手

W
 

斜O
ZE 

3
^
3

B
E

EO
ZEO

I 
99999
6666

、

6

三

I
Z88・

o

Z
2

・z

m
s

as
 

二

ajZ
T

ctfa
+

cdx
a
q
M

ctfx

C
M

0

6・
0

zm
s

7
 0

alZT
rtN
+
c
x
v
q
M
E
X

gz・
I

二

0

6・
0

I 

二

§

rtN
+

atx
，q=
x

6・
0

9

E・
6 

z・
6

U
0KW

5E
』％

』ol
¥
 sxaoM u

，OVM 

g
l

cdK
 
:

刍 

g
d
u
o
a

iyd
 
u 

・d

3Id qns qns

E
d
 qns

-old 5
昌

S608C
O

 

EEEES
6・

6 
8

・"

6

・£
 

Y
z

T

lnI 

b・
9

T6I 
6・

6
L

・ L 
6

・c*>

9E6Z0I 
06I6Z

gsgzl 
88888

C
H

IISI 
999901

88888
EO

ZEO
I 

99999
ED

W
 

典 

6666Z
M

869
I8E8
EZ6

ZEO
ZE 

9"m
 

ZE

昌
 

"m
W

 
9"m

 

斜O
ZE 

W
W

W

P
a
s
s
8
n
d
 ON 9 

ddN
r̂tpoH 
E
£
s
 s

a)>
E
3

I
cdp
o
H
E
E
S
 
s

a>>

cd3
 
I

cdl
o
B

ESaHs 
S
P
V
B

a)
二

W
8J,

alz

-H
cdK

U
E
T
B
U

-HqB
。。do

』
。

9BZIE
ZEO

ZE 

播w
w

9
m
 

斜O
ZE 

"
手

E

:
s
;
d

EW
J

 

d
a
x
o
J
S
a
I

8・
H 

8・
8

O
・

SE 

卜
・H

9
・E
 

g・
9

<4
a)duo
a)
bD
*Hd 

G
q'SA

aBId) 

"
E
s
a

a)p 
la

cdId

•JXIql W 
9861 

挤
占
冒

o
MIo
q
s
 

・s
a)lT
4->l
*HIs

u
a)lp

a)l
a>l.xq
。 
A

crilp
Q)l0
U
E
I
d
 
s

asl
a)ld

alo
a>l
bfil
-HId

<HI
。 
S
J

nslA
H
A
I
n

。 O
Z0.XO

J

MIq
M
I
O
M
 

A
』p

alo
 
g
u

«HIddo.x
ol.x
a)l
-plq

-HIjo 

。
0|
0)|
》~
国
-"I 

alq-gH

EZI

r.
lo
・u 
・M 01 

+
・le 

(s-tcl 
-rod 

sm
BJ

bA)

告 I
w
m
a



81

• Pigeonpea : Maize (1 ： 2 ]

30n

25-

4

d 20-

5

15- • Q

10-

5-

• •

10 5 10 151510
Weeks after germination

Fig. 4. Response of
ratios ・

p 
p

[b] 90cm row 
spacing.

□ Pigeonpea: Maize [1：1.75]
■ ” ： " [1：1]

[c] 105cm row 
spacing.

[a] 75cm row 
spacing.

0半
5

o Pigeonpea pure stand

shoot dry weight of pigeonpea 
Short rains 1986,to intercrop 

at. Thika.
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in

but all intercrop ratios did not differ fromW.A.G.
each other. At 12i W.A.G. there were similar obser­
vations and intercropping reduced shoot dry weight
within range of 53% and 69%.

The effects of intercropping and plant density
shoot dry weight in maize are shown in Table 15.on

Results revealed that plant density did not affect
shoot dry matter accumulation at all sampling stages.

at 5 and 10 W.A.G. It was observed that at 5 W.A.G.
weight/plant.pure stand maize had higher dry

not significantly different from an intercropbut was
ratio of 1:1 (maize: pigeonpea). Generally as inter­

crop ratio increased, shoot dry weight per plant de­

creased and the reduction varied between 36% and 39%.

(e) Plant height

Response of plant height to intercrop­
ping in both pigeonpea and maize is
shown in Table 16. Results indicated
that the two pigeonpea cultivars dif­
fered significantly in plant height at

Monocultural pigeonpea had higher dry weight at 10 
+

Intercropping reduced dry matter accumulation 
+

Intercropping revealed significant differences 
shoot dry weight per plant except at 5 W.A.G.*.
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all sampling stages. At harvesting for
example* Katheka plants were 254.3 cm
while NPP 670 plants averaged to 107.3
cm.

Plant density did not significantly affect plant
height of pigeonpea. At each sampling time, plant
height was the same at all densities.

Intercropping reduced plant height of pigeon­
peas. Monocultural pigeonpea had taller pigeonpea
than intercrops. For example at harvesting pure stand
of pigeonpea had plants averaging to 191.4 cm high
while intercrop varied between 176.0 and 179.5 cm de­
pending on intercrop ratio. Plant height among inter­
crop decreased with an increase in intercrop ratio

not significant.but this reduction was

In maize the reverse was true. Intercropping
increased plant height. The results showed that as
intercrop ratio increased, plant height also increased
thus
density in maize. Intercrop ratio of 1:2 (pigeonpea:

maize) had the tallest plants averaging 144.2 cm and

189.7 cm (at tasselling and harvesting, respectively).

Monocultural maize recorded 126.2 and 161.7 cm at the

same t ime.

a direct relationship between plant height and
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4.2.3 Effect of intercropping and plant density on

yield components of pigeonpeas.

Table 17 shows the response of yield compo­

nents of two pigeonpea cultivars to plant density

and intercropping. Table 18 shows the mean squares

for the same traits.

(a) Number of primary branches per plant

Pigeonpea cultivars showed significant

differences in number of primary branches

per plant. Katheka had more number of

primary branches per plant than NPP 670.

Katheka had an average of 8.1 branches

ches per plant.

trait among the three plant densities nor intercrop

combinations.

Number of pods per plant(b)

Cultivars showed significant differences

produced 104.9 pods per

in number of pods per plant. On an average Katheka 
plant whereas NPP 670 had an

while NPP 670 had an average of 7.3 bran-
The difference between cultivars 

could have inflxienced the interacticxi between cultivar 
x crop corrbination.

There were no significant differences for this
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average of 42.9 pods per plant.
Plant density and intercropping did not af­

fect the number of pods per plant significantly.

(c) Number of seeds per pod
Although Katheka had an average of 6.0
seeds/pod and NPP 670 had 5.3 seeds/pod,.
the difference was not significant.
Similarly, neither intercropping nor
plant density affected this trait signifi­
cantly.

(d) 10。seed weight

Hundred seed weight was neither affected

of intercropping on 100 seed weight.

Katheka had an average weight of 22.4 g

while NPP 670 was 21.9 g/plant but they

not significantly different.were

by intercropping nor by plant density.
This indicated that, there was no effect
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(e) Grain yield per plant

Grain yield per plant differed between
the' two cultivars, with Katheka yielding
higher than NPP 670. Katheka yielded an
average of 84.6 g/plant and NPP 670 had

average yield of 27.2 g/plant. Therean
was no general trend for either the ef­
fect of intercropping or plant, density
on this trait.

4.2.4. Effect of intercropping and plant density on

yield components of maize.

Yield components of maize were not significan­

tly affected by either intercropping or plant density

All yield components such as number ofat Thika.
cobs/plant, rows/cob, kernels/row, 100-seed weight
and grain yield per plant did not differ significan­
tly under all treatments (Table 19).

4.2.5. Land productivity

Table 20 shows the values for land equivalent

ratio (LER) which is an index for evaluating yield

Results indicate thatadvantage of intercropping.

generally intercrops of both maize and pigeonpea

had lower yields than monocrops at equivalent densi-
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tics. For NPP 670 the reduction in yield due to in­
tercropping was within range of 11 to 18%, while for
Katheka the reduction was between 3 and 12%. Maize
showed a 2 to 18% yield reduction due to intercrop­
ping. However, there cases where intercropswere

had higher yield than monocrops at equivalent densi­
ties ・ Although yields of intercrops were lower than

monocrops .the total yield per unit was higher.area

Table 20 shows that all intercrop combina­

tions gave yield advantage. The two cultivars of

pigeonpea had different trends when intercropped

with maize. NPP 670 had increasing LER as intercrop

ratio increased and reached the highest LER of 2.12

at an intercrop ratio of 1:2 (pigeonpeazmaize). At

37037 plants (pigeon-this ratio plant density was

pea) + 88888 plants (maize) giving total density of

112%.125925 plants/ha. The yield advantage was

Generally Katheka intercrop showed higher

land equivalent ratio than NPP 670 intercrop but

there was no obvious trend in Katheka corresponding

to increasing intercrop ratios. However at an

intercrop ratio of 1:1.75, Katheka attained its hig-
This LER was reached at planthest LER of 2.26.

density of 44444 plants pigeonpea were intercropped

with 79999 plants (maize) giving a total density of
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124443 plants/ha. Yield advantage of intercropping
Katheka and maize at that ratio was 126%.

4.3 EXPERIMENT (III), KIBOKO

4.3.1 General weather condition

Rainfall and temperature data are presented

in the Appendix' 3.-

During the period of study, Kiboko received

total rainfall of 590.4 mm. The highest rainfall

for short rains was in November 1986, and for long
rains, highest rainfall was recorded in April, 1987.
Mean temperatures were 30.9°c and 16.2°C for maxi­
mum and minimum, respectively.

4.3.2 Effect of intercropping and plant density
growth and development of component crops .on:on

(a) Time of flowering

Fifty percent flowering in plots of the
same genotype, was observed about the
same* time. Therefore neither intercrop­
ping nor plant density affected time of
flowering.
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NPP 670 had reached 50% flowering on March
13th, 1987 thus having a flowering time of about 120

This first flush of flowers

It however flowered again by May 20thy 1987.

Katheka had reached 50% flowering by July 20th,
1987. It * s flowering time was therefore about 220
days after planting.

Maize flowered (tasselled) within 40 days af­
ter planting.

(b) Time to maturity
NPP 670 had serious flower abortion du-

.ring the first flush of flowers and as a result, the
However, after thewas not harvested.first crop

second flowering, maturity was reached within 70 days.

(c) Leaf area per plant

Table 21 shows the effect of intercropping

two cultivars of pigeonpea at three densities with

ficant differences in leaf area per plant. On ave-

days after planting.

aborted probably due to insect infestation as well as drought.

maize at various combinations. Results Indicate 

that at 5 W^A.G.+ cultivars of pigeonpea had sign!-
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Both cultivars were not affected by plant

density for this'trait because no significant dif­

ferences were observed at any sampling time. The

general trend was that, as plant density increased

leaf area decreased but the reduction was not signi­

ficant (Figure 5).

for leaf area at different sam-Mean squares
pling times are shown in Table 22. Results indicate

that intercropping affected leaf area significantly

It was observed that as in-at all sampling dates.

sed.

the re-and yet at 12J W.A.G.and 61% at 10 W.A.G.

to 67%. Monocultural pigeonpea hadduction rose up

season

cropping was between 22 and 39%, it increased to 54

rage NPP 670 had higher leaf area (423.9cm2/plant) 

than Katheka (329.6cm2 /plant). However, the dif-

signifleantly higher leaf area per plant throughout 

the growing season (Figure 5).

ference between cultivars was not observed both at

10 and 12卷 W.A.G. + .

tercrop ratio increased, leaf area per plant decrea-
At 5 W.A.G. + , leaf area reduction due to inter-
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9 000-1

7 500-
9

o6000-
o

i /

4 500-

P/d 
./ / /

p o ：
3000-

1 500- /

-1—I—I
10 15

1 I 1
10I* I I

10 1555

Weeks after germination

Fig. 5 .
Kiboko.

o Pigeonpea pure stand
• Pigeonpea: Maize [1： 2 ]

□ Pigeonpea: Maize [1：1.75 J
■ “ ： " [1：1]

ElfecL of intercrop 
pigeonpea grown 匚_一

[a] 75cm row 
spacing.

[b] 90cm row 
spacing.

[c] 105cm row 
spacing.

22

csi

二p ratios on 
during short rains

0-T5

leaf area of
1986, at
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Table 23 shows the response of leaf area
in maize as

results showed -that at 10 W.A.G. maize intercrop­

ped with Katheka had less leaf area per plant
than that intercropped with NPP 670. Monocultural
maize had significantly higher leaf area than maize
intercrop.

At 5 W.A.G. reduction in leaf area due

intercropping reduced leaf area of maize
by 37%. The highest reduction corresponded to an .
intercrop ratio of 1:2 (pigeonpea:maize).

Shoot dry weight(d)
Table 24 shows the effect of intercrop­

shoot dryping and plant density on
weight of pigeonpeas.

Results indicated that at all sampling dates,
cultivars did not differ significantly in shoot
dry weight. Similarly plant density did not affect
shoot dry weight significantly.

affected by intercropping. The 
+

to intercropping varied between 14 and 20% and at
10 W.A.G.*
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e.
spacing had higher dry weight/plant

than 105 inter-row spacing (Figure 6).cm

Intercropping reduced shoot dry weight. Pure
stand pigeonpea had higher shoot dry weight than
intercropped pigeonpea but intercrop ratios were not
significantly different from each other throughout
the sampling dates. Reduction in dry weight due to
intercropping varied between 46 and 70%.

The effect of intercropping and plant density
maize shoot dry weight is shown in Table 25. Re—on

density increased shoot dry weight decreased, thus

indicating inverse relationship between plant den­

sity and shoot dry weight.

highest shoot dry weight per plant (56.2 g) but was

pure stand maize had(56.1 g/plant).
significantly higher shoot dry weight than intercrop
maize but all intercrop ratios did not differ

not significantly different from pure stand maize 
At 10 W.A.G：

However, plant density of 44444 had higher dry 
weight per plant than that of 31746 plants/ha i. 
75 cm inter-row

At 5 W.A.G.+ intercrop ratio of 1:1 had the

suits indicated that plant density significantly af­
fected dry weight of maize at 5 and 12J W.A.G.+ . As
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o Pigeonpea pure stand
• Pigeonpea: Maize [ 1 ： 2 ]
口 ”：“ [1:1.75]
■ " ： ** [1：1]

50- o

9cn 40-

30-

20-

10- /

1 I I I
10 15

1 I I I
10 151510

Short rains 1986, at Kiboko.Fig. 6 . Response ol shoot dry weight in,些目eonpe杪空 
intercrop ratios. Cl——■- ■，--

(c)105cm row 
spacing.

[b] 90cm row 
spacing.
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due

(d) Plant height

Table 26 shows the response of plant he­

ight of both pigeonpea and maize to plant

density and intercropping.

ter significantly in plant height. However at harves­

ting there were significant differences in plant he­

ight between pigeonpea cultivars. Katheka had taller

plants than NPP 670 (300.0 and 162.9 cm respectively).

Plant density did not affect this trait signi­

ficantly at all sampling dates and no general trend

was observed. Intercropping however affected plant

height significantly. Intercropping reduced plant

height. As intercrop ratio increased plant height

decreased and this reduction in plant height due to

intercropping was within range of 8 and 26% with hig­

hest reduction corresponding to intercrop ratio of

1:2 (pIgeonpea:mai ze).

Maize plant height was not affected by plant
density but was affected by intercropping. Inter-

At 12J W.A.G.+ pigeonpea cultivar did not dif-

significantly. Reduction in shoot dry weight 
to intercropping varied between 34 and 42%.
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cropped maize had taller plants than pure stand maize.

For example at harvesting intercropped maize had an

average height of 213.8 cm, while pure stand maize

was 198.2 It was observed that as intercropcm.

ratio increased, plant height also increased. This

increase in plant height due to intercropping was

about 8%.

4.3.3 Effect of intercropping and plant density

on yield components of pigeonpeas.

Tables 27 and 28 show yield components of two

pigeonpea cultivars and their response to intercrop­

ping and plant density.

(a) Number Of primary branches per plant

The two cultivars differed significantly

in number of primary branches per plant•

NPP 670 had significantly more branches

than Katheka (6.8 and 5.5, respectively).

Plant density and intercropping did not affect

number of primary branches per plant and no trend

was observed in these variables.
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(b) Number of pods per plant

Cultivars had significant differences
in number of pods/plant. It was observed
that NPP 670 had an average of 61.64 pods/
plant and Katheka averaged to 48.62 pods/
plant. Although the general trend indi­
cated that high plant density reduced
number of pods/plant the effect was not
significant.

Intercropping affected this trait significantly.

From the results it be observed that as intercropcan

of pods/plant than intercrop ratio of 1:2 (Table 27).

(c) Number of seeds 'per pod
Seeds per pod were higher for Katheka
than NPP 670 (5.5 and 5.1 respectively)
but this variation was not significant.
Both intercropping and plant density did
not affect the number of seeds per pod
significantly.

ratio increased, number of pods per plant decreased.
Intercrop ratio of 1:1 had significantly higher number
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(d) 100-seed weight

Seed weight was different between the

two pigeonpea cultivars. Hundred seed

weight for Katheka was 22.9 g compared

to 20.2 g for NPP 670.

Plant density however did not affect this trait

and no general trend was observed as plant density

was varied. Difference in 100-seed weight was obser­

ved among intercrop combinations. It was observed

that pure stand pigeonpeas had heavier seeds (22.3 g)

0.47).than intercropped pigeonpea (21.2 g) (LSD

and the reduction in seed size varied between 3 and

17%.

(e) Grain yield per plant

The two cultivars of pigeonpea did not
NPPshow significant yield difference.

average of 31.3 g and670 yielded an
Katheka 28.7 g/plant.

Only intercropping affected this trait. In
stand pigeonpea yield per plant was higher thanpure

intercropped plots and yield decreased with an

.05=
As intercrop ratio increased, seed size decreased
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increase in intercrop ratio. This reduction in

4.3.4. Effect of intercropping and plant density

yield components of maize.on

Table 29 shows how yield components of maize

were affected by intercropping and plant density.

Yield components such as rows/cob, kernel/row and

100 seed weight were not affected by either inter­

cropping or plant density. Significant differences

were not observed among treatments for these traits.

(a) Number of cobs 'per plant

Intercropping reduced number of cobs

per plant. Plots with pure stand maize

had more cobs per plant than intercrop

However, cobs/plant in pure standmaize.

maize was not significantly different

from intercrop ratios of 1:1 and 1:1.75.
Intercrop ratio of 1:2 had 17% less cobs/
plant than monocultural maize. Plant
density did not affect number of cobs/
plant.

yield due to intercropping was within range of 14 - 
22%.
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(b) Kernel yield per pimit

Yield per plant was
It was

observed that maize in pure stand plots
had significantly higher yield/plant than
intercropped maize. Yield/plant in pure
stand plots was 110.8 g and it decreased

intercrop ratio increased. Yield reduc-as
tion varied between 22 and 39%, the hig­
hest reduction corresponding to an inter­
crop ratio of 1:2 (pigeonpea:maize).

4.3.5 Land productivity

Table 30 shows land equivalent ratio (LER).
Generally intercropping pigeonpea + maize reduced
yield of pigeonpea per unit area but increased maize
yield per unit area at all plant densities compared
to pure stands. Yield reduction in pigeonpea by
intercropping was 5 to 16% for NPP 670 and 11 to 24%
for Katheka. Although the yield of pigeonpea per
unit area in intercropping was less than in pure
stand, total grain yield (pigeonpea + maize) for the
equivalent area was higher.

The two pigeonpea cultivars showed different

trends when intercropped. NPP 670 had the least

affected by intercrop­

ping but not by plant density.
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LER for intercrop ratio of 1:1 but increased with
increase in intercrop ratio reaching a maximum at
a ratio of 1:1.75 and declined thereafter. The hig­
hest LER of 2.22 attained when 31746 plantswas
(pigeonpea) intercropped with 57142 plants (ma-were
ize) giving a total density of 88888 plant/ha. A

yield advantage of 122% was realized.

For Katheka LER increased with an increase

in intercrop ratio, reaching a maximum at an inter-
At this ratio LER was 2.52 andcrop ratio of 1:2.

31746 plants (pigeonpea) intercropped withwere
total density of 107936

yield advantage of 152% was realized.plants/ha and a
76190 plants (maize) giving a
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CHAPTER V

5.0 DISCUSSION

5.1 Effects of intercropping and plant density
on growth and development of pigeonpea and
maize

(a) Time T。flowering and maturity

Intercropping and plant density did not in­
fluence time of flowering and maturity at the three
locations ・ Variability in days to flower and matu­
rity were attributed to the inherent characters of
the cultivars used for this study as well as tempera­
ture .

It was observed that NPP 670 flowered and
NPP 670 being an earlymatured earlier than Katheka.

maturing cultivar flowered within 120 一 150 days af-

Katheka flowered withinter planting (first flush).

range of 160 - 220 days after planting. However,

locational differences were observed such that plants
at Kabete which is at 1820 metres above sea level
(MASL) flowered earlier than those at Thika and Kiboko
(1600 and 875 MASL, respectively). This is in agree­
ment with Sheldrake (1984) who reported that culti-

he observed did not flower at 500 MASL butvars

118
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flowered under cooler conditions of 2000 MASL.
Flower initiation and development was possibly inf­
luenced by temperature because the higher the alti­
tude ,the lower the temperature. Kabete had a mean
daily temperature of 23.7°C compared to 25.9°C and
30.9°C for Thika and Kiboko respectively. Turnbull
e t al; ( 1980 ) reported that floral initiation of pi­
geonpea occurred soonest in day temperature regime
close to 24°C and was delayed by increasing either
day or night temperature, however increased tempe­
rature promoted the development of the flower buds
once they had been initiated. Since pigeonpeas are
short day plants,effect of temperature floweringon
seems to be the reduction in requirement for short
days under relatively cool conditions.

For maize the reverse was true. Maize at
Kiboko (warm conditions) flowered 10 and 20 days
earlier than at Thika and Kabete, respectively. This
observation agrees with that of Duncan (1975) who
reported that environments with lower temperature
have slower development rates of maize and suggested
that the rate of development of maize from planting
to anthesis is a function of temperature rather than
photosynthesis ・
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Time to flowering and maturity was not af­
fected by either intercropping or plant density but

influenced by temperature regimes. These ob-was
servations do not concur with those of Nadar (1980), vrtio re­

ported that pigeonpeas intercropped with maize had

This discre­
pancy could be.due to the genotypes and the environ­
mental conditions under which they were grown.

(b) Leaf area

In pigeonpea cultivais, leaf area was reduced
by the increase in plant density. Generally as
plant density increased, leaf area decreased and the

not yet high. Whention from maize at 5 W.A.G.
maize was in the reproductive stage9 reduction in
leaf area increased because maize was possibly using
most of the assimilates for grain filling. These
results are in contrast to those reported by Natara-
Jan and Willey (1979) who reported that pigeonpeas

Thisarea.

based a per plant basis whereas their work wason

delayed flowering and reached maturity three weeks 

later than the pigeonpea in pure stand•

grown at high density had high leaf

is because the leaf area reported in this woask was

reduction varied between 20 and 27%. In the early 

stages of growth i.e. 5 W.A.G. + , the reduction ^was 

lower than at 10 and 12* W・A,G•+ because competi-
+・was
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based on per unit area. Leaf area of maize was not af­
fected by plant density. This might explain better
competitive ability of maize over pigeonpeas.

Intercropping reduced leaf area of both pi-
Either pigeonpea or maize in puregeonpea and maize.

stand had higher leaf area than intercropped plots.
The reduction in- leaf area increased with an increase
in intercrop ratio. An intercrop ratio of 1:2 had
the lowest leaf area per plant.

pecially at 12* W.A.G. when the reduction ranged
between 40 and 70%. This was the time when maize

Maize leaf area re-was at the grain filling stage.
time ranged between 15 and 35%.duction at the same

Okigbo (1979) reported that intercropping affected
leaf area of intercrops but effects varied with

Enyi (1973) also reported that intercropp-crops.
ing cereal + non-cereal led to a reduction in leaf
area of both crops.

Duncan (1975) reported that leaf area produ­
ced on the main stem of maize plants does not dec­
rease in inverse proportion to an increase in plant
density. This could be explained by the fact that

Pigeonpea leaf area was severely reduced es-
一一- -+ , . - J ,. . .
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maize leaves are well separated on the stalk, en­
suring ventilation within the canopy and a minimum
close overlapping thus giving favourable light ex­

Maize therefore intercepted more light nece-posure.
ssary for photosynthesis than the accompanying pigeon­
pea .resulting into less reduction in leaf area of
the former than the latter.

Coefficient of variation values are very high
suggesting that there were some experimental error
probably due to sampling technique used.

(c) Shoot dry weight (matter)

Increase in plant density of pigeonpeas in­
creased shoot dry matter at Thika and Kiboko but de­
creased it at Kabete. Although the reason is not
apparent, it is possible that environmental differen­
ces (e.g. radiation) could have been the major con­
tributing factor. However, these results agree with
that of Natarajan and Willey (1980a) that an in­
crease in

were re­
pigeonpea density increased dry matter 

yield of pigeonpeas. Contrasting results 
ported by Singh and Kush (1980) that pigeonpea dry
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matter yield was not

In maize plant density reduced shoot dry mat­
ter yield at Kabete and Kiboko but not at Thika.
These results also suggest an environmental influ­

density.

Intercropping reduced dry weight of both ma­
ize and pigeonpea without any significant locational
differences. It observed that as intercropwas
ratios increased, dry weight in both crops decreased
consistently. In pigeonpeas dry weight reduction
due to intercropping varied between 46 to 70% during
the growth period. In maize the reduction was bet­
ween cor­
responding to an
maize). These results agree with those reported by
Okigbo (1979) who observed that total dry matter was

msLize in pure stand.

ence on shoot dry weight apart from the variation 
in plant

significantly different at all 
densities they studied.

20 and 40%. The highest percent reduction 
intercrop ratio of 1:2 (pigeonpea:

reduced by intercropping and dry weight yield of dif­
ferent parts of the crop were significantly affected. 
Edge and Liang (1980) reported that total dry matter 
of maize in intercrop was 60% less than that o£
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Despite the genotypic and environmentai va­

riations, intercropping reduced dry weight of compo-

nent crops but the reduction in pigeonpeas was hig­

her than that in maize. This probably could be ex­

Maizeplained by the growth habit of the two crops.
having faster growth than pigeonpeas shaded the pi­
geonpeas thus inhibiting it from intercepting ade­
quate light, resulting into adverse effects on pi-

This observation is supported by Duncangeonpeas.
(1969) who reported that shaded plants gained we­
ight more slowly than less shaded ones. He reported

shorter than those surroundingthat a plant 10 cm
it would be deficient in the production of dry mat­
ter (at low population) by 20% and at high popula­
tions by almost 50%. In this study shoot dry weight

was in­decreased consistently intercrop ratioas
creased.

(d) Plant height

The early maturing cultivar i.e. NPP 670 was
generally shorter than the late maturing cultivar,

This wasKatheka. characteris-
loca-ars.

due to the genotypic
tic inherent within the cultiv；
tional differences

However9 
observed.in plant height were

At harvesting time, Npp 670 以邸拓 at Kiboko were
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taller (162.9 cm) than at Thika (107.3 cm) and Ka-
bete (86.1 cm). At

cm.
respectively. Ishizuka (1969) reported that cool
temperatures retarded translocation of assimilates
and as result plants in cool places were shortera
than those in warm places. Kimani (1985), reported
that plants at Kiboko grew taller than at Thika and
Kabete. This can solely be attributed to variation

in temperature. Results suggest that cool tempera­

ture reduced plant height possibly due to retarda­

tion of translocation of assimilates while warm tem­

perature hastened it.

Generally, intercropping reduced plant he-

At Kiboko and Thika (at harves-ight of pigeonpeas.

ting time) intercropped pigeonpeas were

At Kabete, 15 W.A.G.,than pure stand pigeonpea.

intercropped pigeonpeas were shorter than monocrop

observed at harvesting time.but the reverse was

Although the reason for this is not apparent, it
could be attributed to competition induced by in­
tercropping. Duncan (1969) reported that shaded
plants had an increased shoot/root ratio i,e・ the
more
resources in roots so
and shallower than its more favoured neighbours.

26% shorter
一...・ 一 +

Kiboko, Thika and Kabete plant 
height for Katheka were 300.0y 254.3 and 209.2

shaded plant invests a decreased part of its 
that its root system is smaller



126

However moisture and fertility stress could have ad­
ded to the increase in probability of suppression.

Maize showed a different trend from that of
pigeonpeas. Intercropped maize had plants that were
1 to 10% taller than monocultural maize. There were
no locational differences. This observation is in
agreement with Duncan (1969) who reported that the
height of plants increased with increasingcorn
plant population. He termed it "cooperative compe-

t ition11. The possible reason could be competition
for light due to increased plant population. Shaded
plants elongate more rapidly than unshaded ones thus
resulting into tall plants.

The contrasting observations i.e. increase
in plant height of intercropped maize versus dec­
rease in height of intercropped pigeonpeas suggest
that crop species differ in their responses to in­
tercropping. Maize having "cooperative competition1'
and favourable canopy structure grew taller than pi­
geonpeas in intercrops thus suppressing it and could
be attributable to reduced leaf area and shoot dry
weight of pigeonpeas.
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Effect of intercropping and plant density on5.2

yield and yield components of pigeonpeas・

(a) Number Of primary branches per plant

Results from the three locations indicated
that cultivars differed in number of primary branches
per plant. At Kabete and Thika, Katheka had more

primary branches than NPP 670. Katheka had an ave­

rage of 8.5 while NPP 670 averaged 6.5 branches/

plant. In contrast, Katheka at Kiboko averaged
5.5 while NPP 670 maintained 6.5 branches/plant.
The reason for this difference is not clear. However,

the tallest plants at Kiboko would have used the

resources to increase the height of plants instead

of expanding sideways. This suggests a genotype x
environment interaction for this trait.

Plant density and intercropping did not in­
fluence
that

by environment.

(b) Number of pods per plant

plant was not significant at

Pods per plant decreased with increasing 

density but the effect

branching habits of pigeonpeas, suggesting 

branching is highly heritable and only slightly 

influenced
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Thika and Kiboko. At Kabete however, plant density
of

As mentioned earlier, this

would possibly reflect the intra and inter plant corn­

re­
duction varied with intercrop ratios. The higher
the intercrop ratio, the fewer were the number of pods
per plant. This suggests that under conditions of
inadequate supply of growth resources, initiated
flower buds would abort resulting into fewer mature
pods per plant. Ogombe (1978), reported that plant
density reduced number of flowers initiated and nu­
mber of mature pods. Sheldrake (1984) reported that

土。

44444 plants/ha had 16 to 35% fewer pods than den­
sity of 31746 plants/ha.

Monoculture plots had more pods per plant 
than intercropped plots of pigeonpeas. Intercropping 
therefore reduced number of pods per plant. The

significant differences
• Kimani “985) reported

Petition for decreasing resources as plant density 
increased.

Cultivars also had 
number of pods per plant

90% of flowers in pigeonpeas shed without setting 
pods due to (a) pests damage (b) inadequate pollina­
tion (c) competition from other sinks within the 
plant for assimilates and (d) hormonal factors (in­
trinsic physiological mechanisms).
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similar results. Katheka had more pods per plant
than NPP 670 at Thika and Kabete. This could be at­
tributed to high number of primary branches for Ka­
theka at these two experimental sites. The interac­
tion between cultivar and crop combination sig-was
nifleant suggesting that the effect of crop combina­
tion number of pods per plant differed from oneon

cultivar to another.

(c) Number of seeds per pod

Cultivars showed little response in number
of seeds per pod to both plant density and intercrop­
ping; but there was variation in number of seeds

At Kabete and Thika, Kee­per pod among locations.
theka had more seeds per pod (6.1 and 5.9, respecti­
vely )than NPP 670 which had an average of 4.9 and
5.2 for Kabete and Thika, respectively. However at
Kiboko, Katheka had 5.1 while NPP 670 had 5.5 seeds/

Shel-pod but this difference was not significant.

drake (1984) reported that seeds/pod of a cultivar

is constant but these results suggest that they can

be influenced by environment.

(d) Seed weight

There were no cultivar differences for seed

weight at all experimental sites. Although Katheka
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had heavier seeds (21.5 g) than NPP 670 (20.5 g)
this difference not significant.was

Locational differences were observed on the

effect of intercropping on this trait. At Kiboko,
intercropping significantly depressed seed weight
but at Thika and Kabete, the reduction was not sig­
nificant ・ The -reduction in seed weight at Kiboko
due to intercropping varied between 3 and 11% depe­
nding on the intercrop ratio. This agrees with Ki-
mani (1985) who reported that 100-seed weight was
decreased by intercropping and indicated that this
reduction may explain the yield reduction in pigeon­
peas intercropped with cereals.

The reduction in seed size of intercropped
pigeonpea at Kiboko was probably due to water stress
since Kabete and Thika had higher rainfall during

than Kiboko (Appendix 4)the growing season
With increased population levels, plants competed

probably inadequate thusfor assimilates which were

there was poor pod filling and consequently small

seeds. Slatyer (1969) reported that water deficits

reduced rates of organ development and cell enlarge­

ment since nutrient flow and protein and carbohy­

drate synthesis and metabolism are affected. After



131

resulting into small seeds.

(e) Grain yield per plant

Plant density significantly affected grain

yield per plant at Kabete but not at Thika and Kiboko.

Results indicated that grain yield/plant decreased

with an increase in plant density and the decrease

consistent especially at Kabete. This reductionwas
was possibly due to competition for assimilates.
Although Kabete has soils of medium fertility, there

higher rainfall than at the other two sites. Inwas
this aspect, nutrients could have leached beyond root­

causing inadequate supply to the growing plants.zone
Other factors could be radiation intensity and sunshine
hours being less at Kabete than at Thika and Kiboko
which could have reduced the photosynthetic ability
of plants.

Intercropping depressed grain yield per plant.
Pure stand pigeonpea had higher yield/plant than in-

est intercrop ratio of 1:2 (pigeonpea:maize).

tercrop. Yield reduction at Kabete ranged between
37 and 44% while at Kiboko it was between 14 to 22%.

flowering, water stress hastened rather than slowing 
maturations, hence pod filling time was shortened

Higher percent reduction corresponded to the high-
This
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reduction was attributed to competition for assimi­
lates crop combination increased.as The signifi­

cant interaction between cultivar

at Kabete, suggested that grain yield per plant was
reduced intercrop ratio was increased. Reductionas
in grain yield/plant could however be compensated for
by the fairly stable 100-seed weight and increased
plant population per hectare..

5.3 Effect of intercropping and plant density
on yield components of maize.

Maize yield components such as number of rows
and 100-seed weight were notper cob, kernels per row

intercropping.influenced by either plant density or
This suggested that such attributes are highly heri-

not be influenced by environment.table and may

(a) Number of cobs per plant
Intercropping reduced number of cobs per plant

at Kabete and Kiboko by 17 to 18%, and this reduction
was dependent on intercrop ratio. As intercrop ratio

This couldincreased, cobs per plant were reduced.
be attributed to competition of component crops in
intercropping. Higher plant populations result into
suppressed, starved, spindly and barren plants.

x crop combination
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(Duncan, 1969). As earlier mentioned that intercrop­

causing lodging in intercropped plots.

However it is difficult to rule out that nu-
mber of cobs per plant was reduced by competition

in intercrop maize. However, these results suggest
that most of the resources competed for, were in
adequate supply at Thika than either at Kabete or
Kiboko.

(b) Grain yield per plent

Intercropped maize had lower grain yield per
plant at Kabete and Kiboko but not at Thika. Pure

reduction
As mentioned

d。

Ping increased height of maize, this elongation of 
Plant could have decreased stalk strength therefore

induced by intercropping alone because at Thika, sig­
nificant reduction in cobs/plant were not observed

stand maize produced 20 to 30% more grain than inter­
cropped maize. Like in number of cobs/plant, grain 
yield reduction was dependent on the intercrop ratio. 
The reduction in grain yield/plant was more pronounced 
when yield was converted on hectare basis, 
earlier， intercropping reduced dry matter accumulation 

maize which might have resulted into grain yieldin
crease•
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5.4 Land productivity

Yield reduc-
tion per hectare in pigeopea varied from 5 to 25%

whereas yield of maize intercrop compared well with

that of pure stand. Agboola and Fayemi (1971) re­
ported that in a cereal + legume intercrop, yield
of legume was more depressed than that of a cereal.
Dalal (1974) reported that growing maize with pi­
geonpeas increased grain yield of maize but not of
pigeonpeas; while Kimani (1985) reported that yield
reduction in pigeonpeas grown with maize was 52.7%.

for yield depression in pigeon-The reason
pea could be attributed to slow growth at early
stages; hence less competitive ability. Maize with
fast early growth, utilised the available growth re­
sources and thus established itself faster than pigeon-

The reproductive stage of maize was reachedpeas.
when pigeonpeas had not yet induced severe competi­
tion to maize. Another factor would be the dif­
ference in growth pattern and canopy structures of

Maize plants have inclined leavesthe two crops.
The for-while pigeonpeas have horizontal leaves.

mer intercept more light hence maintain

Intercropping maize and pigeonpeas reduced 

yield, especially that of pigeonpeas.

a relatively
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constant rate of photosynthesis while in the latter,
there is less photosynthetic activity due to self
shading and overlapping of leaves. Similar results
were reported by Evans (1975) and Duncan (1975).

Although maize was harvested before pigeon­
peas had reached the reproductive stage, drought and
pest infestation could have contributed to yield re­
duction ・ NPP 670 came into flower when there was
no other host for flower pests. Most of the flowers
were destroyed by the pod fly (Melanagromyza sp.).
Secondly, pigeonpeas flowered during the dry spell
(March , June and July). Moisture stress led to flo-

abortion/abscission resulting into fewer maturewer
pods/plant. Coupled with these, is the inherent
characteristic of 90% flower abortion in pigeonpea：：
which consequently lead to poor pod set•

Despite the yield decrease of pigeonpea in
intercrop, total yield of intercrop (pigeonpea +

monocrop, more land would be required.

At Kabete and Kiboko9 intercropping NPP 670

ratio values (>1) indicating that for similar 
yield of

maize) per hectare was higher than for monocrops.
All intercrop combinations showed positive land equi­
valent
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with maize at a ratio of 1:1,75, respectively gave

highest LER of 2.58 for Kabete and 2.22 at Kiboko.
For Katheka at same locations, highest LER were ob­

tained at intercrop ratio of 1:2 (Katheka:maize).an
At Kabete it was 3.01 while at Kiboko it was 2.52.
The difference in LER at these two locations indi­
cate that although plant population in the inter­
crops were the same at these locations, Kabete had
higher yield advantage from intercropping than other

agro-ecological

At Thika, NPP 670 intercropped with maize
gave the highest LER of 2.12 at an intercrop ratio
of 1:2 (NPP 670:maize) and for Katheka, the highest

attained at an intercrop ratio ofLER of 2.26 was
1:1.75 (Katheka:maize, respectively). This agrees
with Chui (1987) that maize intercropped at 2 plants/
hill with pigeonpea gave higher yields than at 1
plant/hill.

The varietal differences in optimum inter­

ratio for opt imum LER suggest that each geno-crop

type has an optimal density at which it can be

intercropped, thus attaining the highest yield ad­

vantage.

sites probably due to different 
conditions.
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The locational difference in intercrop ratio
and LER value were possibly due to environmental ef­
fects such as:-

(a) Difference in rainfall - Kabete had more
rainfall during the cropping season than
Thika and Kiboko (Appendix 4)
implying that plants at Kabete had lower
moisture stress compared to plants at
the other two sites. This is reflected
in higher LER values at Kabete than the
other two sites.

(b) Difference in temperature - Kiboko had
the highest temperature (Appendix 5)
hence favouring vegetative
growth at the expense of reproduction.
This was reflected in plant height of
pigeonpeas resulting into very tall
plants, less number of primary branches
and consequently lower yields than at
Kabete and Thika.

(c) Nutrient supply - experimental locations
had different soil types and fertility
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levels. Kabete soils although fertile,
nutrients could have leached due to
high rainfall, thus nutrient availabi­
lity became a limiting factor. Thika
soils have moderate fertility, coupled
with medium rainfall, soils could sup­
port more plants/unit area than the
other two sites. These results there­
fore suggest that Thika had more avai­
lable environmental resources to nourish
the plants better, than either Kabete or
Kiboko.



CHAPTER VI

6.0 CONCLUSIONS

6.1 Time to flowering and maturity is an inherent

character of
medium and late genotypes. However, this character is
influenced by temperature.

Pigeonpea grown at high altitude where the
cool, flower and mature earlier thantemperatures are

In contrast,at low altitude where temperatures are warm.

high altitude and cool temperatures delay flowering and

temperatures and low altitudematurity of maize but warm

hasten time to flowering and maturity.

Intercropping and plant density depressed6.2

leaf area and shoot dry weight of both pigeonpea and
The depression in leaf area however was highermaize.

(40 to 70%) than in maize (15 to 35%).

(46 to

139 -

Shoot dry
70%) than in maize which was 20 to 49%.

in pigeonpeas
weight reduction was higher in pigeonpeas

a genotype, therefore there are early,



140

It could therefore be concluded that inter­
cropping and plant density reduced vegetative growth
of both component crops, the reduction being higher
in pigeonpeas than in maize. This was also reflec­
ted in grain yield of intercropped pigeonpeas compa­
red to pure stand. Since there were little locatio­
nal differences for these characters, it can be con­
cluded that intercropping and plant density reduce
leaf area and shoot dry weight of component crops
with little or no environmental influence.

6.3 Plant height

Plant height is characteristic of a genotype.
Early maturing cultivar, NPP 670 was shorter than
the late maturing, Katheka at all the experimental

However, locational differences within cul-sites.
tivars were observed such that plants were the tal­
lest at Kiboko, medium height at Thika and were the
shortest at Kabete. This could be concluded as tem­
perature effect plant height. High temperatureon
favour vegetative growth while cool temperature re­

tard translocation of assimilates resulting into shor­

than atter plants warm temperature. Klboko had the

highest day temperature of 30.9°C, Thika was 25.9°C

and Kabete was 23.9°C during the period of study•
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In general intercropped pigeonpeas were shor­
ter than in pure stand but maize had a reverse trend.
These two crops had different interactions when inter­
cropped. Maize had a "cooperative interaction" i.e.
increase in plant height when intercropped. Pigeon­
peas had "competitive interaction11 when intercropped.
This could be possibly due to canopy structure i.e.

maize versus horizontal leaves of

Yield components of pigeonpoeas that were6.4
by either intercropping or plant densityaffected

included:-

(a) Number of mature pods per plant

(b) Grain yield per plant

Reduction in 100-seed weight was both location and
cultivar dependent• The reduction in 100-seed weight

probably due to moisture stress hence reducedwas
rates of organ development and cell enlargement be-

of reduced nutrient inflow.cause

Reduction in number of mature pods and grain

angled leaves of 

pigeonpeas.

yield per plant could also be attributed to flower 
and pod suckers apart from moisture availability•
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In general, Katheka had more branches, pods, grain
yield and bigger seeds than NPP 670.

6.5 Yield components of maize affected by inter­

cropping and plant density included:-

(a) Number of cobs per plant

(b) Grain yield per plant.

Increased plant population and intercropping resulted
into starved, spindly and tall plants with weak stems
which might have increased lodging and barreness.
Reduction in these two traits contributed to the depres­
sion in yield of intercropped maize although the reduc­
tion in most cases was not significant. However compen­
sation for these reductions probably came from fairly
stable 100-seed weight.

6.6 Intercrop ratios and spatial arrangement•
Intercrop ratios that produced the highest yield

advantages were 1:1.75 and 1: 2 (pigeonpea:maize 9 respec­
tively) . Although LERs were highest at these intercrop

area.
In view of this one would recommend intercropping

of pigeonpeas with maize at an interrow spacing of 105 cm

ratios, yield per plant decreased due to increased plant 
population per unit
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at all the experimental sites. Spatial arrangement would
of pigeonpea alternating with onebe planting one row

intercrop ratio of 1:1. Plantrow of maize giving an
densities would be 31746 and 38095 for pigeonpea and
maize respectively, giving total density of 69841 plants
per hectare.

Land efficiency/productivity.6.7

Land efficiency was increased by intercropping
pigeonpea with maize suggested by land equivalent ratio
(LER) values.

Results indicated that although yield of com­
ponent crops in intercrop was lower than of monocrops,
total yield per unit area was increased by intercrop-

This was probably due to the increase in plantping.
population per unit area in mixtures.

one year
However, from the
there is high po-
with maize as it

results it can be concluded that 
tential in intercropping pigeonpea

This study was conducted for only 
therefore it is not conclusive.
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is commonly practised by farmers in semi-arid areas•

Intercropping plgeonpea with maize in the arrange­

ment that one row of pigeonpea is alternated with one
of maize at an interrow spacing of 105 cm wouldrow

give the best intercrop ratio.

In conditions of moisture stress e.g. semi
arid areas, NPP 670 is more tolerant to drought than
Katheka as it was indicated by yield results from
Kiboko (NPP 670 and higher yields than Katheka).

This study was conducted for only one year,
therefore the results reported here are not conclusive.
Further investigation should incorporate more variables
like radiation intensity, soil fertility analysis, night
temperature recording, percent lodging and barreness
in maize and gross returns. These should be* repeated

several locations and seasons so that one may comeover
with conclusive recommendations for different loca-up

lities.
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