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ABSTRACT 

The purpose of this study was to investigate the 

effect of multiple cropping of sorghum and cowpea as com

pared to monocropping. Results indicated that multiple 

cropping adversely affected cowpea dry matter production 

towards canopy closure. Monocropped Ca5 cowpea had sig

nificantly higher nodule fresh and dry weight per plant 

than multiple cropping. Mixed cropping reduced nodule 

fresh weight of Big Boy cowpea 70 days after planting. 

Nodule activity of Ca5 was significantly reduced by mixed 

cropping compared to monocropping. No significant differ

ence was observed in nodule activity of Big Boy cowpea. 

Multiple cropping significantly reduced the cowpea yield. 

Intercropping significantly increased the total sorghum 

yield and yield per plant. Mixed cropping showed the same 

trend with respect to yield per plant as compared to mono-

cropping sorghum. Multiple cropping had a land equivalent 

ration (LER) range between 1.60 to 2.29. Nitrogen levels 

were higher in monocropped cowpeas followed by intercropped 

plots. The same trend was shown in the yield of the sub

sequent sorghum crop 1984. 

xii 



CHAPTER 1 

INTRODUCTION 

One of the greatest challenges in the world, 

particularly in developing countries, is the production of 

sufficient food for the rapidly increasing population. 

There are two methods of increasing agricultural produc

tion: a) by increasing production per unit land area and 

b) bringing more land under production. Under such chal

lenges, the most direct way to increase production per unit 

area can be done by many ways such as: 1) genetic or 

physiological manipulation of plant growth and development, 

2) using fertilizers and other inputs and 3) using dif

ferent cropping systems. 

Growing two or more crops together on the same land 

during the same season is a traditional cropping system 

which is widespread on subsistance farms in developing 

countries in the arid and semi-arid tropics. This is known 

as intercropping or mixed-cropping, depending on whether 

the crops are planted in separate rows or mixed within one 

row respectively. Thus intercropping is growing two or 

more crops simulatneously in alternate rows in the same 

area. Mixed cropping is growing two or more crops within 

1 



the same row. Multiple cropping has been shown to produce 

larger and more stable yields than pure crops (Willey, 

1979; Rao and Willey, 1980). 

Although many crops are intercropped, intercropping 

with legumes is common. Legumes have the potential for 

symbiotic nitrogen fixation and may save or add soil nitro

gen for the benefit of subsequent crops. Moreover inter

cropping increases yield per unit land area. This has been 

shown by different studies as an increase land equivalent 

ratio (LER), (Francis et al., 1982a; Fisher, 1979). Patil 

and Shinde (1979) reported that intercropping increases 

economical returns as compared to sole crops of component 

crops. 

Intercropping has many merits, but in relation to 

nodulation and nitrogen fixation some negative effects have 

been reported (Nambiar et al., 1983). The yield production 

of legumes is much reduced due to the competition for 

light. Also nodule development and activity were reduced 

(Graham and Rosas, 1978). 

Objectives 

The objectives of this study were to investigate 

effects of different cropping systems on 1) cowpeas dry 

matter, nodule fresh and dry weight, nodule activity per 

plant and cowpeas yield, 2) sorghum yield in the first year 

1983 and on following year 1984. 



CHAPTER 2 

REVIEW OF LITERATURE 

Intercropping is the system of growing two or more 

crops simultaneously in the same area during the same 

season. This review covers some of the factors associated 

with either intercropping or crop yield and growth. The 

topics studied provide outlines of some factors that we 

feel can contribute towards the influence of intercropping 

on growth and yield of two tropical crops Sorghum (Sorghum 

vulgare (L.) Moench) and cowpea (Vigna unguiculata (L.) Walp). 

Effect of Intercropping 
on Cereal Yields 

Intercropping is an agricultural practice that has 

the potential to increase crop yields. Intercropping of 

maize (Zea mays L.) and pigeon pea (Caj anus caj an L.) or 

sorghum (Sorghum vulgare (L.) Moench) and pigeon pea ap

peared to be a promising system (Reddy and Willey, 1982) . 

In addition, intercropping maize with legumes has shown an 

obvious benefit in increased yields, as high as 36.57o for 

both crops (Searle et al., 1981). Since there was no 

depression in grain yield with intercropping, there was a 

clear bonus of a high protein grain. The results from 

3 
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this study have shown clear benefits from intercropping 

maize with legumes in terms of both grain yield and nitro

gen input. Moreover, multiple cropping may be an answer to 

reducing soil erosion, since legumes are good cover to the 

soil and thereby reduce the risk of erosion, multiple crop

ping has potential as a method of increasing land produc

tivity (Jeffer and Triplett, 1979). 

Increased grain yields have been reported as a 

result of additive and replacement intercropping. In addi

tive intercropping, the monoculture population per unit 

area of the two crops are added together with the aim of 

producing the usual yield of the dominant crop while obtain

ing a bonus yield from the second crop. In replacement 

intercropping, part of the monoculture population of one 

crop is replaced by an equivalent portion of the second 

crop. This sacrifices a small part of usual monoculture 

cereal yield in return for a much greater legume yield that 

is obtained from additive intercropping (May, 1982). Also 

it has been found that 19 to 20 intercrop combinations 

(four bean cultivar (Phaseolus vulgaris L.) x 5 dates) have 

a land equivalent ratio (LER) value greater than pure crops. 

Values of 1.5 or greater indicate a biological potential 

for intercropping to produce 50 percent more than monocul

ture (Francis et al., 1982b). In another study, Francis et 

al. (1982a) found that the highest intercrop yields were 
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attained with low to moderate maize densities and a wide 

range of bush bean densities. For each season, higher 

total yields were found in intercrops than in the best mono

culture treatment using LER to measure biological efficien

cy. LER is defined as relative land area of pure crop 

required to produce the same yields as are achieved by 

intercropping (Oyejola and Mead, 1982). They found that 

LER was higher in intercrops than in monoculture. Fisher 

(1977b) reported that maize/bean mixture had an apparent 

yield advantage compared with pure stands. 

Singh (1980) reported that better land utilization 

and higher productivity could be obtained through an inter

cropping system. LER values were higher than in pure crop

ping. Also the total yield of the intercropping system 

was higher as compared to monocrop systems of maize, cow-

pea, mung bean (Vigna radiata L.), and Soybean (Glycine ~ 

L.). Comparing LER values indicated better land utiliza

tion due to intercropping. Sivakumar and Virmani (1980) 

comparing yields of sorghum and greengram (Vigna radiata 

L.) at different levels of N, found that yields of inter-
-1 

cropped sorghum increased at N levels of 40 and 80 KgNha 

When compared with the sole crop of sorghum the increase 

was less at all N levels, the difference being higher at 

no nitrogen than at 40 and 80 KgNha-1 . This trend suggested 

that if adequate N fertilizer was provided, intercropping 
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would be helpful in realizing the potential yield of the 

component crops. This trend was not seen on soils which 

were inherently fertile (Reddi et al., 1980). 

When evaluating combination of maize/bean and 

maize/potato mixture in alternate rows, the maize/bean mix

tures were significantly more productive than the pure 

stands. In spite of the increase in productivity of the 

maize/bean mixture, the maize/potato mixture yielded sig

nificantly less than in pure stands. The considerable ef

fects on the potato by maize competition were not 

compensated for by equivalent increases in maize yield per 

plant when the adjacent row of maize was replaced by potato 

(Fisher, 1977a). Alternate row mixtures of millet, maize 

and sorghum were compared with equivalent areas of sole 

crops. Yields of mixtures were rarely reduced but there 

was a yield gain when components differed by a certain mar

gin in height or age at maturity or both. Approximately 

75 percent of variation in yield gain from mixing was 

attributed to these factors (Baker,1979c). In further 

studies of maize and bean mixture, it was found that yield 

per plant of maize was significantly higher in the mixture, 

because mixed stands have significantly more ears per 

plant (tillers) and heavier seeds. A clear advantage from 

mixed cropping of maize and bean was found in long rainy 
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seasons. Pure stands yielded less than in mixtures 

(Fisher, 1979). 

In an investigation to ascertain forage yielding 

ability of maize and cowpea combinations at different seed 

rates and method of sowing, it was observed that maize plus 

cowpea together produced higher yields when compared to 

either sole cropped maize or cowpea (Reddy and Shivashankar, 

1978). In another experiment using corn with soybean or 

snap beans, the productivity of the two component inter

crops with that of their respective monocultures under dif

ferent nitrogen regimes were studied. Intercropping 

demonstrated an advantage in LER of 1.2 to 1.4, i.e., 20 

to 40 percent increase of total productivity during the 

season. Higher production by intercrops was most easily 

interpreted in terms of total leaf exposure. Monoculture 

corn had a leaf area duration (LAD) of 150 days; but when 

soybean was interplanted with corn the LAD of the inter

crop exceeded 300 days (Cordero and McCollum, 1979). 

Moreover, in a study of dwarf sorghum and bean 

mixture, it was found that yield per sorghum plant was 

higher in mixtures than in a pure stand of comparable 

population pressure. The replacement of some sorghum by 

beans produced a lower degree of competition for the re

maining sorghum plants. Beans were less competitive than 

sorghum as far as the effect on the sorghum was concerned 
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(Osiru and Willey, 1972). Gross yields of grain in the 

sorghum plots were significantly increased when sorghum was 

intercropped with pigeon peas (Enyi, 1973). Three years of 

studies with sweet corn and soybeans planted together in 

the same row have shown that acceptable sweet corn yields 

can be produced in the summer followed by soybean yields in 

the fall after the sweet corn is harvested. This co-

cropping system provides two harvestable crops in one 

season from a single plant operation (Beste, 1976). 

An investigation of intercropping with sorghum in 

Nigeria showed that relay cropping and intercropping gave 

5 to 30 percent more return per acre, respectively, than a 

sole crop of sorghum. These increases are attributed to 

higher cereal yields. These results indicated that crop 

mixtures gave much higher yields than the single crops of 

either sorghum or millet (Andrews, 1972). Further studies 

on intercropping of chickpea (Cicer arietinum L.) and 

safflower (Carthamus tirictorius L.)» indicated 

that, at 1:1 ratio, the advantage of intercropping ranged 

up to a 19 percent increase in yield compared to pure 

stands (Willey and Rao, 1981). Intercropping sorghum with 

cowpea or common beans in Brazil showed that a sorghum/ 

pulse (cowpea or common bean) intercrop system yielded 

more than monocrop system and produced an LER value great

er than 1.00 even though rainfall was limited. In general, 
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sorghum yields increased in all treatments of intercropping 

by an average of 50 percent (Faris et al., 1983). 

Effect of Intercropping on Legume 
Yields and Dry Mattel: 

Although intercropping has a total yield advantage 

over monocropping, there is an adverse effect on the 

legume component. This can be demonstrated by the effect 

of competition of cereals with legumes. When cereals were 

sown every 1.37 m., significantly reduced yields of ground 

nuts (Arachis hypogea L.) were found compared with sowing 

at a spacing of 2„75 m (Baker, 1979a). Also it was report

ed that while sorghum growth was not affected by the 

presence of pigeonpeas, the initial growth of pigeonpea 

was very much suppressed by the presence of sorghum. Root 

distribution after 30 to 60 days of growth did not appear 

to be altered by intercropping with roots of the two crops 

intermingling freely (Natarajan and Willey,1980a). Com

petitive ratio (CR) is the number of times one crop is more 

competitive than the others. CR values in cowpea correlat

ed positively with the number of pods and seed per plant. 

Thus, how the cowpea is able to withstand competition has 

great effects on yield (Faris et al., 1983). 

Studies on cereal/legume intercrop systems showed 

a general trend in that cowpea yields were depressed from 

14 to 26 percent by intercropping. The poor yields 
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reported for cowpea could have been due to a shading effect 

by the cereal row. Also it was reported that, as in maize 

cowpea intercrop systems, mungbean yields were depressed 

under intercropping in all trials. In maize/dwarf bean 

intercrop systems, legume yields were lowered in two 

experiments due to intercropping with production being ap

proximately 78 percent of the pure crops. Even in a maize 

groundnut system, the monocropped groundnut out yielded 

intercropped groundnut by 71 percent (Gunasena et al., 

1979). A study on the effect of relative planting date in 

bean and maize intercropping patterns indicated that bean 

yields were strongly affected by maize competition. Compe

tition from maize also reduced bean yield components in a 

different bean cultivar (Francis et al., 1982a). Another 

experiment on maize and bush beans indicated that bean 

yields per plant were reduced by increasing maize or bean 

plants per m in the intercrop. Bean yields were reduced 

drastically by intercropped maize, especially at high 

maize densities. The bean yield reduction was associated 

with fewer pods per plant and lower yield per plant. 

Therefore the bean yield and yield components were nega

tively correlated with maize density and yield (Francis, 

1978). 

A Kenyan study using a maize/bean mixture showed 

that bean yield was reduced even more in mixtures. Most 
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pod abscission appeared to have occurred between 54 and 

85 days from planting, with the difference between pure 

and mixed stands being significant at 64 days. It appears 

that yield reduction in beans was due to increased pod 

abscission in the later stage of growth. This would have 

coincided with the increased maize competition (Fisher, 

1977b). Studies in Australia with maize and legume inter

cropping systems showed that intercropping depressed legume 

grain yields (Santa-Cecillia and Vieira, 1978). Additional 

research on legumes and gross yield with intercropping 

showed that seed yields of monocrop cowpea and soybean were 

higher than with intercrops (Allen and Obura, 1983). 

Moreover, it was reported that efficiency of dry 

matter production, calculated from its relations between 

dry matter production and cumulative intercepted photo-

synthetically active radiation (PAR) was higher in maize/ 

pigeonpea intercrop, followed by sole maize and sole pigeon-

pea. This lead to the utility of such intercrops in making 

better use of resources in the semi-arid tropics (Sivakumar 

and Virmani, 1980). In another experiment on effects of 

maize and legume intercropping systems, however, results 

showed that intercropping depressed legume dry matter 

(Santa-Cecillia and Vieira, 1978) . 
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Influences of Intercropping on 
Farmers Income 

Further investigations with associated cropping of 

beans and maize showed that bean suffered from strong com

petition from the maize. Despite low yields, associated 

cropping permitted more efficient land use and high profit 

per hectare (Santa-Cecillia and Vieira, 1978). Several 

studies have been undertaken to determine how this system 

affects farmers economically. It was found that the high

est gross and net incomes were received from a sugar cane 

(Saccharum officinarum L.) crop with cauliflower (Brassica 

oliracae L.) as an intercrop as compared with other systems 

such as sequence of cropping (Patil and Shinde, 1979). 

Moreover, trials at Centro Internacional de Agricultura Trop

ical (CIAT), showed the probability of attaining a consistent 

income with relatively lower investment was higher in a 

bean/maize associated cropping system. These experimental 

results confirm that the small farmer probably uses his 

current associated cropping system to maintain low produc

tion cost, greater income stability, and a minimum risk 

(Francis and Sander, 1978). 

A Nigerian study on mixed cropping cereal and 

cotton (Gossypium hirsutum L.) showed a significantly 

greater cash return than pure cotton and pure cereal 

(Baker, 1979b). Moreover, studies on mixed cropping of 
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cereals and groundnut, showed this system consistently 

produced more cash returns than sole crop groundnuts (Baker, 

1979a). In Nigeria, intercropping with sorghum indicated 

that relay cropping and intercropping gave 59 and 80 per-

cent more returns per acre, respectively, than a sole crop 

of sorghum. The increase resulted from higher cereal 

yields (Andrews, 1972). Moreover, studies on cereal/legume 

intercrop showed that LER and gross economic returns were 

increased by intercropping (Gunasena et al., 1979). 

Francis et al. (1982b) found net income generally was high-

er in intercrop patterns followed by monoculture bean and 

monoculture maize yield. Furthermore, it was reported 

that beans do not affect maize yield. Any bean production 

is a bonus in food and money for the small farmers. There

fore multiple cropping of maize and beans permits more 

efficient land use and improved economic returns (Santa-

Cecillia and Vieira, 1978). 

Effects of In~ercropping bn Residual 
N and Subsequent Crop 

In addition to the influence of intercropping on 

productivity and maximized returns, intercropping has a 

great effect on soil fertility maintenance. This was ob

served from studies carried out to determine different 

effects on soil nutrients and residual effects. One such 

study used red clover (Trifolium pratense L.) and grain 
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mixtures. These mixtures had the ability to produce 

satisfactory dry matter yields without added nitrogen under 

a conservation management system (Keane, 1982). When 

legumes were used in rotation, yield of the following grain 

crop increased. Yields of pearl millet (Pennisetum 

americanum L.) significantly increased when grown after a 

legume crop such as groundnut, cowpea or pigeonpea instead 

of after pearl millet. Benefits from previous crops of 

groundnuts and cowpeas were equivalent to about 60 KgNha ^ 

applied to a previous crop of pearl millet (Giri and Rajat, 

1979). Furthermore, it was found that subsequent crops 

would benefit as much from following one of the maize/ 

legumes intercropping patterns to which no nitrogen had 

been applied as from following a maize crop to which 100 

KgNha"^" had been applied (Searle et al., 1981). 

Extensive evidence indicates that legumes incor

porated in cropping sequences increase soil N content. In 

India it was reported that sugar cane grown after pigeonpea 

yielded 43 percent more than when grown after maize. 

Intercropping pigeonpea in maize would be more beneficial 

than growing a pure crop of maize before planting sugar

cane (Yadav, 1981). It was stated, however, that legume 

intercrops supplied nitrogen to continuous corn not fer

tilized with nitrogen, but not enough N to produce yields 

comparable to corn after a year of a legume meadow 
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(Triplett, 1962). Meanwhile, it was found that sole crop 

legume plots have higher values of available N than legume/ 

cereal mixtures, although in the case of soybean the dif

ference between the soybean and intercropped soybean was 

insignificant. Sole cowpea, however, had a significantly 

higher available N than the intercropped plots (Nnadi, 

1980). In Nigeria, it was reported that maize grown in 

association with cowpea did not respond to N fertilizer. 
-1 In 0 and 25 N Kg ha treatments the nitrogen content of 

intercropped maize was significantly higher than sole-

cropped maize (Eaglesham et al., 1981). 

The N, P and K uptake studies indicated that these 

nutrients can be utilized more efficiently when maize is 

grown in combination with legume than pure stands (Sharma 

et al., 1979). Also higher nutrient concentrations in 

intercrop pigeonpea compared with sole pigeonpea during 

post-sorghum period suggest that yields of intercropped 

pigeonpea were not limited by nutrient stress. However 

the total uptake of nutrients by both crops was much 

greater from intercropping than sole cropping (Natarajan 

and Willey, 1980b). Similarly it was observed that sole 

crop maize took up significantly larger amounts of N than 

intercropped plants only 50 days from planting. Maize 

absorbed P rapidly in both cropping systems but tended to 

take up more in the mixture at low fertilizer rates. At 
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higher fertilizer rates, sole crops tended to take up more 

P. More K seemed to have been absorbed by intercropping 

maize than by plants in pure stands at low fertilizer 

rates (Wahua, 1983). 

Effects of Intercropping on Nodule 
Development and Activities 

Although intercropping has all these effects on 

yield, economic returns, residual nitrogen, and dry matter 

of cowpea, there are also effects on symbiotic nitrogen 

fixation. Nodule development requires energy, and this 

energy is supplied by photosynthesis. If photosynthesis 

is reduced, energy is reduced and hence the development of 

the nodules and their activities are reduced. 

These effects are shown by a study of nodulation 

and biological nitrogen fixation (BNF) under sole and 

intercropping systems. Growing groundnut with pearl mil

let or sorghum reduced nodulation. These effects were 

ascribed to shading of groundnut by the cereal component 

and consequent decrease in photosynthesis of legume crop 

(Nambiar et al., 1983). Moreover Bethlenfalvay and 

Philips (1977), reported that reduced light in the inter

cropping situation would affect BNF by restriction photo

synthesis of host shoot and consequently the energy supply 

to the nodules. This was supported by a study using 

artificial shading to cut 60 percent of radiation 
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throughout the day decreasing BNF of groundnut by 30 

percent during the following day (Nambiar and Dart, 1980). 

Another study indicated that BNF by soybean inter

cropped with tall sorghum was reduced by 99 percent com

pared to that of a sole crop; nodule number as well as 

specific fixation activity were affected similarly and 

these decreases were attributed to the shading effect of 

sorghum (Wahua and Miller, 1978). Investigations to clar

ify the distribution of labelled "^CC^, showed that 35 

percent of the "^CC^ absorbed by the leaves at node A 

passed to the roots and nodules, but the supplied to 

the leaves on higher nodes tended to remain in the above 

ground parts. This showed that the bottom of the canopy 

has significant influence on the nodule development and 

specific BNF of legumes (Water et al., 1980). 

Another study indicated that leaves at the lower 

nodes are subjected to shading and tend to decrease the 

efficiency of nodule and BNF after canopy closure (Tanaka 

and Fujeta, 1979). Other studies dealing with the effect 

of shade on the nodulation and BNF, showed that growing 

legumes, such as pigeonpea, with a low leaf area index 

(LAI) for the first 80 days after planting, seem to show 

a photosynthetic response to increasing incident light 

flux much like that of a single leaf, and reached Light 

Saturation fairly early. But when growing along with a 
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cereal crop, such as maize, the total LAI for the intercrop 

is high and shaded leaves at the bottom of the canopy can 

continue to respond to an increase in incident light flux 

even if leaves are high in the intercept. The success of 

such intercrops has been shown to be associated with com

plementary time and high plant population to result in a 

great light interception. Radiation interception by the 

crop is often correlated with growth rate early in the 

season with yield (Sivakumar and Virmani, 1980). 

Influence of Intercropping 
on Crop Stability 

Fluctuation in yield and crop stability is a seri

ous concern in developing countries. Multiple cropping 

has been characterized by high plant diversity, closed 

cycling of nutrients, erosion control, stable yield and an 

extensive exploitation of limited land resources (Francis, 

1978). Moreover, when evaluating yield stability in inter

cropping (sorghum/pigeonpea), it was found that for a 

particular "disaster" level, sole pigeonpea would fail 

1 year in five, sole sorghum 1 year in eight, but in inter

cropping only 1 year in 36. Intercropping showed yield 

advantages under a wide range of environmental conditions, 

however there was no significant evidence that advantages 

were greater under stress (Rao and Willey, 1980). Agobola 

and Fagemi (1971, 1972) found yields of maize increased 
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when intercropped with cowpea or green gram (Vigna radiata 

L.) in the absence of fertilizers. They also reported that 

pure maize stands performed as well as those intercropped 

with legumes when fertilized with 45 and 135 Kg ha"^" of 

nitrogen, or with complete fertilizer consisting of 50 

Kg ha ^ of N as ammonium sulphate, 9 Kg ha ^ of P as simple 

superphosphate and 50 Kg ha ̂  of K as KCl (Agbola and 

Fagemi, 1971). Moreover Faris et al. (1983) reported that 

intercropping sorghum or maize with cowpea or common beans 

in Brazil showed intercrop system yielded more than the 

monocrop system and produce LER greater than 1.00 even 

though rainfall was limited. In general, sorghum yields 

increased in all treatments of intercropping by an average 

of 50 percent. 

Since multiple cropping has been shown to increase 

yield per unit area, maintaining soil fertility, and crop 

stability, an experiment was conducted at the University 

of Arizona Campus Agricultural center to investigate the 

effect of different cropping systems on two tropical 

crops, sorghum and cowpeas. 



CHAPTER 3 

MATERIALS AND METHODS 

With increasing productivity per unit area and 

maintaining soil fertility in mind, four agricultural sys

tems were investigated to identify which one may fit under 

the traditional and subsistence agriculture. Experiments 

were conducted at the Campus Agricultural Center to evalu

ate effects of intercropping, mixed cropping and pure 

cropping of sorghum (Sorghum vulgare L. Moench), and cow-

pea (Vigna unguiculata L. Walp) yields. In addition, it 

was desired to observe the response of various cropping 

systems on subsequent sorghum yields. 

In order to simulate conditions as those in tradi

tional subsistence rainfed agriculture in Sudan, land was 

prepared to be similar by planting on flat with plant spac

ing similar to rainfed areas. Spacing was calculated from 

the actual spacing and number of plants per hill. Since 

3 to 4 plants per hill were used in spacing of 45 to 60 cm, 

therefore spacing between plants was 15 cm. Spacing be

tween rows was 50 cm. 

Planter cones were used and seed was planted on 

the flat in 1983. In 1984 for pure sorghum, the same 

20 
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spacings were used between plants and 100 cm between rows 

using the planter cones. 

Two varieties of cowpeas were intercropped and 

mixed cropped with the sorghum. These varieties were used 

in two separate experiments. In the first experiment sor

ghum variety 'BAZ 9504' supplied by Dr. R. L. Voigt, 

Professor of Plant Sciences, University of Arizona, was 

intercropped and mixed cropped with 'California 51 (Ca5) 

cowpeas. California 5 is a bushy type cowpea. In the 

second experiment the same variety of sorghum was grown 

with 'Big Boy' cowpea. Big Boy is a viney cowpea. In 1984 

the same area was planted with pure sorghum variety 'BAZ 

9504.' Planting dates were 25 May 1983, and 22 Hay 1984. 

Before planting, cowpea seeds were inoculated with 

granular LX51 El Cowpea supplied by Nitragin Co., Milwaukee, 

Wisconsin. The land was pre-irrigated followed by irriga

tion intervals of 15 to 21 days according to weather con

ditions and soil needs. Diazinon was sprayed to control 

insects during the 1983 season on 21 June 1983. On 5 July 

1983 granular diazinon was applied as a soil dressing. 

Weeding was done by hand, whenever needed. 

Data for the following parameters were collected 

during 1983: 

1. Vegetative and root dry weight of cowpea. 
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2. Nodule fresh and dry weight. 

3. Nodule activity. 

4. Sorghum and cowpea yields. 

5. Soil analysis after harvest. 

In 1984, a soil analysis was made before planting, 

and sorghum yield was determined. 

Three sampling dates, for vegetative and root dry 

weight, nodule fresh and dry weight, and nodule activity, 

were 24 June, 15 July and 3 August 1983. The samples were 

taken according to the following method: Five plants 

were randomly chosen for sampling from each plot. The 

plants were dug up with a shovel, the vegetative parts 

were separated from the roots and put in paper bags. The 

roots were used for estimation of biological nitrogen 

fixation (BNF). The acetylene-ethylene reduction method 

was used to determine the BNF (Hardy et al., 1968). After 

BNF activity was determined the soil was removed from 

the roots, and nodules were separated from the roots. Both 

roots and nodules were dried and weighed. 

The nodulated roots were cut from plants using 

clippers. The roots were put in 950 ml jar immediately 

after digging. Fifty ml of air were removed with a 

syringe, and 50 ml of acetylene were injected in and mixed. 

After 30 minutes of incubation, 10 ml of gas were 



23 

injected into a vacutainer. A Varian Aerograph series 1700 

gas chromatography was used to compare the amount of ethy

lene produced with the ethylene standard. Accordingly 

the acetylene reduced showed the activity of the nodules. 

Theoretically: 

N2 + 6H+ + 6E~ = 2NH3 

CH2 + 2H + 2E = C2H4 

The following equation was used to calculate the activity: 

[(sample units) (attentuation) - acetylene standard units] 
£ 

[ethylene standard yM / unit] [Jar size] v 10 

= y mole/plant/hr. (Miller, 1980). 

California 5 cowpea pod harvest started on 12 

August 1983 and continued for 5 weeks. Harvest of Big Boy 

cowpeas pods started 3 weeks later and continued for 4 

weeks. Cowpeas harvest was completed on 2 October 1983. 

Harvest of cowpea was by hand. The sorghum was harvested 

by hand on 17 October 1983. Two weeks after harvest the 

test area was plowed under in the soil. After plowing, 

soil samples were taken (17 Nov. 1983) for soil analysis 

for soil elements and nitrogen level. 

Later on 17 May 1984 the soil was prepared for the 

new season to be planted with pure sorghum. On 18 May 

1984 soil samples were taken for soil analysis after 
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decomposition of previous plants and before planting the 

new crop to test the levels of different soil elements and 

nitrogen levels. On 22 May 1984 the plots were planted 

with pure sorghum. 

Four cropping systems were used in these experi

ments. These four systems were replicated four times in 

a randomized complete block design. Least significant 

difference at the 5 percent level was used for statistical 

analysis (LSD 0.05). For comparing total yield of the 

different systems land equivalent ratio (LER) was used 

using the following formula. 

LEE = L = LA + LB = Ma/Sa + Mb/Sb 

X - la/l 

where and Mg are the component crop yields from an 

intercropping and mixed cropping mixture. 

Sa Sg are the corresponding sole crop yields, 

which can be thought of as standardizing factors for the 

mixture yields. 

L^ and Lg are component LERs for the two 

individual crops and X is the proportion of component A 

crop to the total LER, is referred to as the component 

LER proportion (Oyejola and Mead, 1982). 



CHAPTER 4 

RESULTS AND DISCUSSION 

The main objective of this study was to answer the 

question: "Does intercropping of sorghum and cowpea in

crease crop yield per unit area of land and maintain soil 

fertility?" Results will be discussed according to the 

following parameters: (1) Effect of intercropping on dry 

matter, (2) Effect of intercropping on fresh and dry weight 

of cowpeas nodule, (3) Effect of intercropping on nodule 

activity, (4) Effect of intercropping on cowpea yield, 

(5) Effect of intercropping on sorghum yield, (6) Effect 

of intercropping on soil fertility, (7) Effect of inter

cropping on land equivalent ratio (LER) and finally 

(8) Effect of intercropping on subsequent sorghum crop. 

Effect of Intercropping on 
Cowpeas Dry Matter 

Dry matter measurement of cowpea included shoot and 

root dry weights. Results of vegetative dry matter produc

tion of two cowpea cultivars California 5 (Ca5), and Big 

Boy (BB), are presented in Tables 1 to 6. Thirty days af

ter planting (DAP), intercropping and monocropping resulted 

in higher vegetative dry matter than mixed cropping 
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Table 1. Average Vegetative Dry Matter Production of 
California 5 Cowpeas 30 Days after Planting 
for Three Cropping Systems, 1983 

Cropping 
System 

Monocrop 

Intercrop 

Mixed Crop 

LSD (.05) 

Leaf 
Dry Weight 
Plant-1 

(g) 

1.40 ab* 

1.60 a 

1.25 b 

0.23 

Petiole 
Dry Weight 
Plant-! 

(g) 

0.26 b 

0.32 a 

0.26 b 

0.06 

Stem 
Dry Weight 
Plant"1 

(g) 

0.25 a 

0.25 a 

0.25 a 

0.12  

Total 
Dry Weight 
Plant-! 
(g) 

2.03 ab 

2.33 a 

1.90 b 

0.40 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 
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Table 2. Average Vegetative Dry Matter Production of Big 
Boy Cowpeas 30 Days after Planting for Three 
Cropping Systems, 1983 

Cropping 
System 

Leaf 
Dry Weight 
Plant-1 

(8) 

Petiole 
Dry Weight 
Plant"1 

(g) 

Stem 
Dry Weight 
Plant-1 

(g) 

Total 
Dry Weight 
Plant-1 

(g) 

Monocrop 1.37 a* 0.24 a 0.35 a 1.91 a 

Intercrop 1.45 a 0.23 a 0.31 a 2.0 a 

Mixed Crop 0.96 b 0.16 b 0.26 b 1.38 b 

LSD (.05) 0.18 0.04 0.05 0.26 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 



Table 3. Average Vegetative Dry Matter Production of 
California 5 Cowpeas 51 Days after Planting for 
Three Cropping Systems, 1983 

Leaf Petiole Stem Pod Total 
Cropping Dry Weight Dry Weight Dry Weight Dry Weight Dry Weight 
System Plant-1 Plant"1 Plant-* Plant-1 Plant-! 

(g) (g) (g) (g) (g) 

Monocrop 7.94 a* 2.23 a 3.01 a 0,35 a 13.48 a 

Intercrop 5.38 b 1.34 b 2.16 b 0.08 b 8.88 b 

Mixed Crop 3.90 c 1.24 b 1.37 c 0.05 b 6.48 c 

LSD (.05) 0.87 0.29 0.58 0.13 1.73 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 



Table 4. Average Vegetative Dry Matter Production of 
Big Boy Cowpeas 51 Days after Planting for 
Three Cropping Systems, 1983 

Cropping 
System 

Monocrop 

Intercrop 

Mixed Crop 

LSD (.05) 

Leaf 
Dry Weight 
Plant"! 
(g) 

9.44 a* 

6.52 b 

3.91 c 

1.93 

Petiole 
Dry Weight 
Plant"1 
(g) 

3.09 a 

2.41 a 

1.34 b 

0.80 

Stem 
Dry Weight 
Plant"1 
(g) 

3.33 a 

2.36 b 

1.46 c 

0.75 

Pod 
Dry Weight 
Plant"1 
(g) 

0.03 a 

0.00 b 

0.00 b 

0.02 

Total 
Dry Weight 
Plant"! 
(g) 

15.85 a 

11.30 b 

6.73 c 

3.46 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 
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Table 5. Average Vegetative Dry Matter Production of 
California 5 Cowpeas 70 Days after Planting 
for Three Cropping Systems, 1983 

Leaf Petiole Stem Pod Total 
Cropping Dry Weight Dry Weight Dry Weight Dry Weight Dry Weight 

System Plant-! Plant"! Plant-! Plant-! Plant-! 
(g) (8) (g) (g) (g) 

Monocrop 11.74 a 3.32 a 11.71 a 9.18 a 35.75 a 

Intercrop 4.50 b 1.41 b 4.87 b 2.27 b 13.55 b 

Mixed Crop 3.00 b 0.91 b 2.73 b 0.46 b 7.08 b 

LSD (.05) 2.44 0.75 2.91 4.26 8.05 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 

J 
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Table 6. Average Vegetative Dry Matter Production of 
Big Boy Cowpeas 70 Days after Planting for 
Three Cropping Systems, 1983 

Leaf Petiole Stem Pod Total 
Cropping Dry Weight Dry Weight Dry Weight Dry Weight Dry Weight 
System Plant-* Plant-! Plant-! Plant-! Plant-! 

(g) (g) (g) (g) (g) 

Monocrop 9.45 a* 2.88 a 6.53 a 0.47 a 19.33 a 

Intercrop 6.97 b 2.28 b 5.37 a 0.01 b 14.67 b 

Mixed Crop 2.60 c 0.83 c 1.85 b 0.02 b 5.19 c 

LSD (.05) 1.74 0.43 1.31 0.34 3.24 

* System means followed by the same letter within a column are not 

significantly different at the 0.05 level according to the LSD 
test. 
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(Tables 1 and 2). With Ca5 (Table 1 and Big Boy Table 2) 

intercropping showed significantly different results from 

mixed cropping. With Ca5, no significant differences ap

peared between the monocrop and mixed cropping. With Big 

Boy a significant difference was observed between the mono-

crop and the mixed crop system. This suggests that both 

cowpea cultivars in mixed cropping responded to competition 

at an earlier stage. This can be attributed to cowpea be

ing much closer to sorghum in mixed cropping. In mixed 

cropping, the competition was within the row and between 

rows. 

For the second sampling date, 51 DAP (Tables 3, 4) 

both varieties showed similar trends. After 51 days, the 

monocrop system had grown better and led vegetative dry 

matter production, followed by intercropping and then mixed 

crop systems. The differences in vegetative dry matter be

tween the three systems were significant. This indicated 

that towards canopy closure, intercropping starts to af

fect the cowpea growth. A slight difference was observed 

between the two cultivars in dry matter production. In 

Ca5, petiole dry weights were not significantly different 

between intercrop and mixed cropping; whereas in Big Boy 

there was no significant difference in petiole dry matter 

between monocrop and intercrop. In pod dry weight, sig

nificant differences existed between monocrop and the 



33 

other two systems and there were no significant differences 

between intercrop and mixed cropping. Otherwise, total dry 

matter were significantly different between all three sys

tems and both cultivars. 

For the third sampling, 70 DAP (Table 5) dry matter 

production of Ca5 cowpeas showed a significant difference 

between monocrop and the other two systems for all parame

ters. There were no significant differences between inter

crop and mixed crop. Big Bow cowpeas showed significant 

difference between monocrop and the other two systems 

(Table 6). There was a significant difference in stem dry 

weight between monocrop and intercrop with Ca5 but not with 

Big Boy. 

From the above results, we can assume that multiple 

cropping systems significantly affected vegetative dry mat

ter production. For the mixed crop system, competition 

effects started earlier in cowpeas. Later in the season, 

intercropping and mixed cropping adversely affected the 

cowpea growth (Fig. 1 and 2). These results agree with 

those of Francis et al. (1983). They reported that the 

initial growth of pigeonpea was very much suppressed by 

intercropping with sorghum. These results also agree with 

Santa-Cecillia and Vieira (1978) who reported that inter

cropping depressed legume dry matter. Multiple cropping 

reduced vegetative dry matter towards the canopy closure 

at 51 and 70 days after planting. 
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Effect of Intercropping on 
Root Dry Matter 

The effects of intercropping on root growth are, for 

both cultivars, shown in Tables 7 and 8 respectively. 

Table 7 illustrated that Ca5 cowpeas root dry weight was 

significantly higher in intercropping than the other two 

cropping systems for the first 30 DAP (Table 7). Fifty-one 

DAP the mono-crop and intercropping systems were not signifi

cantly different, but were significantly higher than the 

mixed crop system. Seventy DAP, the monocrop system had 

significantly higher root dry weight than the other two sys

tems. The intercrop system was significantly different from 

the mixed crop, which had the lowest root dry weight. 

With Big Boy cowpeas, there was no significant dif

ference in root dry weight between monocrop and intercrop

ping 30 DAP, however, both systems were significantly 

different from the mixed cropping. Fifty-one DAP, the mono-

crop system had significantly higher root dry weight than 

intercrop and mixed crop systems. The intercrop system had 

significantly higher root dry weight than the monocrop sys

tem. Seventy DAP there were no significant differences be

tween the monocrop and intercrop systems, however, a 

significant difference was observed between these two sys

tems and the mixed crop system. 
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Table 7. Average Root Dry Weight of California 5 Cowpeas 
at Three Sampling Dates for Three Cropping 
Systems, 1983 

Cropping 
System 

Root Dry 
Weight Plant"! 

30 DAP 
(g) 

Root Dry 
Weight Plant"! 

51 DAP 
(g) 

Root Dry 
Weight Plant"! 

70 DAP 
(g) 

Monocrop 0.35 b* 1.05 a 2.03 a 

Intercrop 0.48 a 1.03 a 1.11 b 

Mixed Crop 0.30 b 0.75 b 0.69 c 

LSD (.05) 0.07 0.20 0.26 

DAP = Days after Planting. 

* System means followed by the same letter are not significantly 

different at the 0.05 level according to the LSD test. 
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Table 8. Average Root Dry Weight of Big Boy Cowpeas 30, 
51 and 70 Days after Planting in Three Cropping 
Systems, 1983 

Cropping 
System 

Root Dry 
Weight Plant"^ 

30 DAP 
(g) 

Root Dry 
Weight Plant"* 

51 DAP 
(g) 

Root Dry 
Weight Plant"^ 

70 DAP 
(g) 

Monocrop 0.52 a* 1.25 a 1.55 a 

Intercrop 0.58 a 0.99 b 1.43 a 

Mixed Crop 0.34 b 0.60 c 0.64 b 

LSD (.05) 0.10 0.15 0.17 

DAP = Days after Planting. 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 
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These results indicate that intercropping and 

mixed cropping had an adverse effect on root development 

as well as on vegetative dry matter production (Figures 

3 and 4). These findings agree with those of Santa-

Cecillia and Vieira (1978) who showed intercropping de

pressed legume root dry matter. 

Intercropping Effects on Nodule 
Fresh and Dry Weight" 

Cowpeas were sampled, 30, 51 and 70 DAP, for nodule 

fresh and dry weight. The effects of three different crop

ping systems on nodule fresh and dry weight of Ca5 cowpea 

30 DAP are shown in Table 9. The results indicate that 

there was no significant difference in the percentage of 

nodulated plants over the three sampling dates in the dif

ference cropping systems at 30 DAP. Also no significant 

difference in the nodule fresh weight occurred, however, a 

significant difference was observed in the nodule dry 

weight between intercropping and the other two system. 

Intercropping had the higher nodule dry weight. There was 

no significant difference between monocrop and mixed crop 

system. 

Nodule fresh and dry weight of Big Boy cowpea 

30 DAP are shown in Table 10. These results suggested 

that no significant difference occurred between cropping 

systems in the percentage of nodulated plants. However, 
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Table 9. Nodule Fresh Weight Plant" of California 5 
Cowpeas 30 Days after Planting for Three 
Cropping Systems, 1983 

Cropping 
System 

Nodulated 
Plants 
% 

Nodule Fresh 
Weight Plant 

(mg) 

Nodule Dry 
Weight Plant"* 

(mg) 

Monocrop 75 a* 250.0 a 24.8 b 

Intercrop 80 a 140.0 a 52.5 a 

Mixed Crop 70 a 200.0 a 30.0 b 

LSD (.05) 22 188.2 10.9 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 
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Table 10. Nodule Fresh and Dry Weight Plant" of Big 
Boy Cowpeas 30 Days after Planting for Three 
Cropping Systems, 1983 

Cropping 
System 

Nodulated 
Plants 

% 

Nodule Fresh 
Weight Plant-^ 

(mg) 

Nodule Dry 
Weight Plant-* 

(mg) 

Monocrop 70 a* 115.00 b 22.70 a 

Intercrop 60 a 390.00 a 42.50 a 

Mixed Crop 65 a 167.50 b 82.50 a 

LSD (.05) 29 152.20 60.30 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 



44 

the intercrop system had significantly greater nodule fresh 

weight than the other two systems which were significantly 

different. The nodule dry weight of the three cropping sys

tems was not significantly different. 

These results indicate that during the first 30 

days after planting, intercropping produced better nodule 

dry weight than the other two systems with Ca5. With the 

Big Boy cultivar, nodule fresh weight was higher in inter

cropping than in monocrop or mixed crop systems. In both 

cases, the results indicated that the earlier growth stages 

of intercropping modifies conditions for nodule development. 

After 51 DAP, towards canopy closure, there was no 

significant difference, in the percentage of nodulated 

plants between the three cropping systems (Table 11). Also, 

there was no significant difference between monocrop and 

intercrop systems in fresh weight, but there was signifi

cant difference between these two systems and the mixed 

crop system. Moreover, no significant difference occurred 

in nodule dry weight among the three systems. Table 12 

illustrates that a significant difference was observed be

tween mixed crop and the other two systems in the number of 

nodulated plants with Big Boy cowpea. Monocrop and inter

crop had the higher percentage of nodulated plants. 

Intercropping also had significantly higher nodule fresh 

and dry weight than monocropping and mixed cropping. 
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Table 11. Nodule Fresh and Dry Weight Plant" of 
California 5 Cowpeas 51 Days after Planting 
for Three Cropping Systems, 1983 

Cropping 
System 

Nodulated 
Plants 

% 

Nodule Fresh 
Weight Plant-* 

(mg) 

Nodule Dry 
Weight Plant-* 

(mg) 

Monocrop 100 600.00 a* 145.00 a 

Intercrop 100 600.00 a 147.00 a 

Mixed Crop 100 950.00 b 100.00 a 

LSD (.05) - 299.10 63.9 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 



Table 12. Nodule Fresh and Dry Weight Plant" of Big 
Boy Cowpeas 51 Days after Planting for Three 
Cropping Systems, 1983 

Cropping 
System 

Nodulated 
Plants 

% 

Nodule Fresh 
Weight Plant"* 

(mg) 

Nodule Dry 
Weight Plant-^ 

(mg) 

Monocrop 100 a* 477.50 b 122.50 b 

Intercrop 100 a 902.50 a 187.50 a 

Mixed Crop 75 b 297.50 b 67.50 b 

LSD (.05) 20 307.00 62.20 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 



The above results show that in Ca5 nodule fresh 

weight in monocrop started to catch up with intercropping. 

Mixed cropping was greatly affected by competition. With 

Big Boy, up to this sampling date, intercropping had the 

higher production of nodules. This may be due to Big Boy 

being a viney cultivar and thereby able to escape sorghum 

shading. Therefore, in the case of Big Boy, intercropping 

modified the conditions for the nodule development until 

51 DAP. 

With Ca5 cowpea, 70 days after planting (DAP), 

intercropping and monocropping had a significantly higher 

percentage of nodulated plants than mixed cropping. Nodul 

fresh weight in monocropping was significantly higher than 

either intercropping or mixed cropping. No significant 

difference occurred between the intercrop and mixed crop 

systems. The same trend was observed in nodule dry weight 

In the case of Big Boy cultivar, no significant 

different occurred between monocrop and intercrop in the 

percentage of nodulated plants. However, there was a sig

nificant difference between the intercrop and mixed crop 

systems. Meanwhile no significant difference was observed 

between monocrop and mixed crop systems. Intercrop and 

monocrop had no significant difference in nodule fresh and 

dry weight, but both produced significantly higher weights 

than the mixed crop system (Table 13 and 14). 
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Table 13. Nodule Fresh and Dry Weight Plant" of 
California 5 Cowpeas 70 Days after Planting 
for Three Cropping Systems, 1983 

Cropping 
System 

Nodulated 
Plants 

% 

Nodule Fresh 
Weight Plant-* 

(mg) 

Nodule Dry 
Weight Plant-! 

(mg) 

Monocrop 100 a* 612.50 a 177.50 a 

Intercrop 100 a 330.00 b 117.50 b 

Mixed Crop 075 b 329.30 b 087.50 b 

LSD (.05) 15 192.00 49.10 

* System means followed by the same letter are not significantly 
different at the 0.05 level according to the LSD test. 
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Table 14. Nodule Fresh and Dry Weight Plant"'*' of Big 
Boy Cowpeas 70 Days after Planting for Three 
Cropping Systems, 1983 

Cropping 
System 

Nodulated 
Plants 

% 

Nodule Fresh 
Weight Plant"* 

(mgm) 

Nodule Dry 
Weight Plant-^ 

(mgm) 

Monocrop 90 ab 755.00 a 207.50 a 

Intercrop 95 a 835.00 a 195.00 a 

Mixed Crop 80 b 190.00 b 56.00 b 

LSD (.05) 11 473.20 108.40 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 
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These results suggested that, towards canopy closure 

with Ca5, intercropping and mixed cropping adversely af

fected nodule development. However, with Big Boy cultivar 

intercropping did not affect the development of the nodule 

up to 70 DAP. The mixed crop system had an adverse effect 

on nodule fresh and dry weight (Fig. 5, 6, 7 and 8). These 

results agree with Nambiar et al. (1983) who found that in

tercropping reduced nodulation due to shading by cereals. 

Effect of Intercropping on 
Nodule Activity 

Results of nodule activity obtained from Ca5 and 

Big Boy cowpeas are presented in Table 15 and 16 respective

ly. Nodule activity of Ca5 cowpea 30 DAP was significantly 

higher in intercropping than mixed cropping, but not sig

nificantly different than monocropping. There was no 

significant difference in nodule activity between monocrop

ping and mixed cropping. This trend continued through 

51 DAP. After 70 DAP, no significant difference was ob

served between monocropping and intercropping, but a sig

nificant difference was found between monocropping and 

mixed cropping. With Big Boy, Table 16, there was no sig

nificant difference in the nodule activity between any of 

the three cropping systems. 

These results indicated a trend that in nodule 

activity 30 DAP was higher in intercropping, but later in 
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Table 15. Nodule Activity in yM ethylene Plant" Hour 
of California 5 Cowpeas at Three Sampling Dates 
for Three Cropping Systems, 1983 

Cropping 
System 

Nodule Activity 
30 DAP yM 
Ethylene 

Plant--'- Hour-! 

Nodule Activity 
51 DAP yM 
Ethylene 

Plant--'- Hour--^ 

Nodule Activity 
70 DAP yM 
Ethylene 

Plant--'- Hour-! 

Monocrop 14.37 ab* 223.22 a 134.96 a 

Intercrop 16.96 a 204.81 ab 127.10 ab 

Mixed Crop 7.34 b 163.86 b 108.28 b 

LSD (.05) 8.17 47.21 23.02 

DAP = Days after Planting. 

*System means followed by the same letter are not significantly 
different at the 0.05 level according to the LSD test. 



56 

Table 16. Nodule Activity in yM ethylene Plant"^ Hour""*" 
of Big Boy Cowpeas at Three Sampling Dates for 
Three Cropping Systems, 1983 

Nodule Activity Nodule Activity Nodule Activity 
30 DAP yM 51 DAP yM 70 DAP yM 

Cropping Ethylene Ethylene Ethylene 
System Plant-! Hour--'- Plant-! Hour"! Plant-! Hour"! 

Monocrop 

Intercrop 

Mixed Crop 

LSD (.05) 

4.96 a** 

5.70 a 

4.38 a 

2.75 

223.21 a 

219.87 a 

227.81 a 

21.35 

132.03 a 

106.10 a 

112.85 a 

29.86 

DAP = Days after Planting. 

*System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 
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the season monocropping was the leader. Comparing the 

activity in relation to the primary sink, which is the pods, 

we find that monocrop produced more pods than intercrop and 

mixed crop systems. So the photosynthate moved mainly to 

the pods, in particular from the upper leaves of the plants. 

This shows that, in case of intercropping and mixed crop

ping, activity is less even if there is a reduced sink. 

(Figures 9 and 10). Results of these studies are in 

agreement with those found earlier by Nambiar et al. (1983). 

They reported that biological nitrogen fixation (BNF) was 

reduced when ground nut was grown with pearl millet. Also 

Nambiar and Dart (1980) found that reduced light in the 

intercropping situation affected BNF by restricting photo-

synethesis of host shoot and consequently the energy supply 

to the nodules. Moreover, these results are in agreement 

with the findings of Wahua and Miller (1978). They ob

served that BNF by soybean intercropped with tall sorghum 

was reduced by 99 percent compared to that of a sole crop. 

This reduction was attributed to the shading effect of 

sorghum. 

Effect of Multiple Cropping 
on Cowpeas Yield 

Intercropping, as reported in the literature 

greatly depressed the yield of cowpeas. Ca5 and Big Boy 

cowpeas yield, as total pod weight, was greatly reduced by 
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both intercropping and mixed cropping (Tables 17 and 18). 

Monocrop system produced significantly higher yield than 

the other two systems. The same trend was observed in total 

2 yield of seeds within this 1 m . Moreover, the yield per 

plant in monocropping was significantly greater than inter

cropping and mixed cropping. There was no significant dif

ference between mixed cropping and intercropping. These 

results indicated that intercropping and mixed cropping 

greatly reduced the yield of cowpeas, which confirm data 

reported by Francis et al. (1982). They reported that 

yields of beans were strongly affected by maize competition. 

Moreover, they suggested that the bean yield reduction was 

associated with fewer pods per plant and with lower yield 

per plant. In addition, Fisher (1977b) stated that bean 

yields were reduced more in mixture. Most of pod abscis

sion appears to have occurred between 54 and 85 DAP. Yield 

reduction in beans was due to increased pod abscission in 

later stages of growth. Moreover, Allen and Obura (1983) 

reported that yield of monocrop cowpea and soybean were 

higher than in intercrops. 

Effects of Intercropping on 
the Sorghum Yield 

Sorghum yields were the most important parameter 

in this experiment because sorghum is the main food crop 

in the Sudan. Most of the people in the Sudan depend on 
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Table 17. California 5 Cowpeas Yield for Three Cropping 
Systems, 1983 

Cropping Total Pods Total Seed Seed Weight 
System Weight/m^ Weight/m^ Plant-* 

(g) (g) (g) 

Monocrop 245.50 a* 179.00 a 16.12 a 

Intercrop 11.25 b 7.75 b 1.58 b 

Mixed Crop 11.75 b 6.75 b 1.53 b 

LSD (.05) 11.55 8.98 2.10 

* System means followed by the same letter are not significantly 
different at the 0.05 level according to LSD test. 
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Table 18. Big Boy Cowpeas Yield for Three Cropping 
Systems, 1983 

Cropping 
System 

Total Pods 
Weight/m2 
(g) 

Total Seed 
Weight/m^ 
(g) 

Seed Weight 
Plant~l 
(g) 

Monocrop 168.00 a* 105.50 a 15.33 a 

Intercrop 4.00 b 2.50 b 0.54 b 

Mixed Crop 3.75 b 2.63 b 0.66 b 

LSD (.05) 16.92 5.92 4.01 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 



sorghym for their basic food staple. Sorghum yields are 

presented in Table 19 and 20. Where Ca5 cowpeas are used, 

we observed that the number of heads in one square meter is 

significantly higher in intercropping than in mixed and 

monocropping. Monocropping had a significantly higher num

ber of heads than mixed cropping. The number of tillers 

per plant were significantly higher in mixed cropping than 

either intercropping or monocropping. Intercropping 

yielded significantly higher total head weight than the 

other two systems which were similar. The same trend was 

followed for total seed weight. In case of seed weight per 

plant, no significant difference was found between mixed 

cropping and intercropping, but a significant difference 

was found between these two systems and monocropping system 

Where Big Boy cowpea was grown with sorghum, signifi 

2 cant difference was observed in number of heads per m in 

intercropping and the other two systems which were similar 

(Table 20). There were significantly more tillers in inter

cropping and mixed cropping as compared with monocropping. 

There was no significant difference between the intercrop 

and mixed crop systems. 

2 With respect to head weight per m , the same trend 

was observed in Ca5 as a previous crop. Intercropping had 

significantly higher total head weight than the other two 

systems which were similar. Intercropping the previous 



Table 19. Effect of Three Ca5 Cowpea Cropping Systems on Sorghum 
Yield, 1983 

Total Total Seed Land 
Number of Tillers Head Seed Weight Equivalent 

Cropping Heads/m^ Plant~l Weight/m Weight/m^ Plant"! Ratio 
System # # (g) (g) (g) (LER) 

Monocrop 37.00 b* 2.16 c 695.3 b 524.0 b 27.70 b 1.00 

Intercrop 44.75 a 3.60 b 1041.0 a 729.0 a 60.80 a 2.29 

Mixed Crop 33.75 c 4.16 a 697.3 b 453.8 b 56.90 a 2.15 

LSD (.05) 2.47 0.38 99.2 72.2 10.00 

*System means followed by the same letter within a column are not significantly different 
at the 0.05 level according to the LSD test. 

CTs 
•P-



Table 20. Effect of Three Big Boy Cowpea Cropping Systems on Sorghum Yield, 
1983 

Total Total Seed Land 
Number of Tillers Head Seed Weight Equivalent 

Cropping Heads/m2 Plant"! Weight/m^ Weight/m^ Plant-! Ratio 
System # # (g) (g) (g) (LER) 

Monocrop 31.00 b 1.97 b* 685.25 b 523.75 b 33.40 c 1.00 

Intercrop 45.00 a 3.98 a 1066.50 a 838.75 a 73.28 a 2.23 

Mixed Crop 32.00 b 3.46 a 713.75 b 498.00 b 52.01 b 1.60 

LSD (.05) 4.20 0.62 116.80 81.65 8.56 

*System means followed by the same letter within a column are not significantly different 

at the 0.05 level according to the LSD test. 
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year resulted in greater total head weight than the other 

two systems. The same trend was observed in the total seed 

2 weight in 1 m . However when seed weight per plant was 

analyzed, there were significant differences between inter

crop and mixed crop system. There were significant differ

ences between intercrop and mixed crop, and monocrop system. 

Both intercrop and mixed crop had higher yield per plant 

than monocrop system, although intercropping had a higher 

yield than mixed and monocrop systems (Tables 19 and 20). 

Multiple cropping had higher LER values than mono-

cropping in both Ca5 and Big Boy. Table 19 shows inter

cropping with a higher LER followed by mixed crop and then 

monocrop system. The same trend was observed when Big Boy 

was used (Table 20). This shows that multiple cropping has 

an advantage over monocropping in all cases. 

These results agree with previous research. Guena-

sena et al. (1979) reported that total yield of intercrop

ping systems was higher as compared to monocrop systems. 

Comparing LER values indicates better land utilization. 

Also Fisher (1977b) stated that maize/bean mixtures were 

significantly more productive than the pure stands. More

over, Fisher (1979) found that yield per plant of maize, in 

maize and bean mixture, was significantly greater in the 

mixture because mixed stands have significantly more ears 

per plant when compared with pure stands of maize. 
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Furthermore, Cordero and McCollum (1979) reported that, 

using corn mixture with soybean and snap bean, LER of 1.20 

to 1.4, i.e., 20 to 40 percent increase of total produc

tivity, during season of intercropping. However, Osiru and 

Willey (1972) stated that the yield per plant of the sor

ghum was higher in mixture than in the pure stands when 

using sorghum and bean mixture. These results also agreed 

with Faris' et al. (1983) findings. They found that inter

cropping sorghum or maize with cowpea or common beans 

showed that sorghum/pulse intercrop system yielded more 

than the monocrop system and produce an LER greater than 

1.00. Generaly sorghum yields increased in all treatments 

of intercropping by an average of 50 percent. 

Effects of Intercropping on 
Soil Nutrients 

In order to evaluate the effects of the four dif

ferent cropping systems on soil nutrients, soil analyses 

were conducted immediately after harvesting the crops in 

1983 before the subsequent planting season. Tables 21 and 

22 show the results of soil analysis after harvest of both 

experiment of Ca5 and Big Boy respectively. 

Soil pH was significantly higher in monocropped 

cowpeas than monocropped sorghum, intercropped and mixed 

cropped sorghum and cowpea (Table 21). No significant 

differences were observed in exchangable cation and 



Table 21. Soil Analysis for Four Cropping Systems Using California 5 Cowpeas 
November 17, 1983 

ECe Estimated 
Exchangable Soluble Exchangable 

Cropping Cation Salts Na K Sodium N+ P-
System pH x 10^ ppm MegL-^- MegL-^" Percentage ppm ppm 

Monocrop 

Sorghum 7.61 b* 0.84 a 588.0 a 0.78 b 1.80 b 0.60 a 7.33 b 47.20 a 

Monocrop 
Cowpea 

Ca5 7.71 a 0.87 a 610.8 a 0.83 ab 2.01 ab 0.53 a 12.27 a 44.00 a 

Intercrop 7.65 b 0.93 a 649.3 a 0.85 ab 2.15 a 0.55 a 7.93 b 44.15 a 

Mixed Crop 7.60 b 0.95 a 661.9 a 1.04 a 2.18 a 0.36 a 9.15 b 44.36 a 

LSD (.05) 0.06 0.14 99.6 0.13 0.33 0.13 2.82 3.92 

* System means followed by the same letter are not significantly different at the 0.05 level 
according to LSD test. 



Table 22. Soil Analysis Immediately after Harvest November 17, 1983, for 
Four Cropping Systems. -- Using Big Boy. 

ECe Estimated 

Exchangable Soluble Exchangable 
Cropping Cation Salts Na_^ K Sodium N+ P-
System pH x 10^ ppm MegL MegL--*- Percentage ppm ppm 

Monocrop 

Sorghum 7.65 b* 0.72 c 504.0 b 0.94 a 1.90 b 0.45 cb 11.57 c 56.87 a 

Monocrop 
Cowpea 7.61 b 0.89 a 624.8 a 0.67 b 2.20 a 0.70 a 23.74 a 48.93 be 

Intercrop 7.63 b 0.80 b 761.8 a 0.94 a 2.10 ab 0.40 c 14.30 b 52.49 ab 

Mixed Crop 7.69 a 0.79 c 551.8 b 0.80 ab 1.84 b 0.53 b 12.56 cb 44.51 c 

LSD (.05) 0.06 0.075 52.3 0.17 0.27 0.11 2.23 6.62 

* System means followed by the same letter within a column are not significantly different 
at the 0.05 level according to the LSD test. 
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soluble salts between all four systems. Mixed cropping 

had higher Na than monocropped sorghum, but was not sig

nificantly higher than monocropped cowpea and intercropping. 

The same trend was observed on K availability. Meanwhile 

the estimated exchangable sodium percentage was not signifi

cantly different between all cropping systems. Monocropped 

cowpea had significantly higher nitrogen than all other sys

tems. No significant difference between intercropping, 

monocropped sorghum and mixed cropping occurred. Meantime, 

there was no significant difference in P content between 

the four systems. 

Table 22 shows the influence of intercropping Big 

Boy cowpea on soil nutrients after harvest. In this experi

ment, pH was significantly higher in mixed cropping than 

the other systems which were not significantly different. 

Exchangable cation was significantly higher in monocropped 

cowpea than intercropping, monocropped sorghum and mixed 

cropping. However, intercropping had significantly higher 

exchangable cation than mixed cropping and monocropped sor

ghum. The soluble salts were significantly higher in mono-

cropped cowpeas and intercropped system than monocropped 

sorghum and cropped system which were similar. Sodium 

availability in the soil after harvest was observed to be 

significantly higher in the intercropped and mixed cropped 

system than monocropped sorghum. Monocropped cowpea and 



mixed cropped system had similar Na amounts. The estimated 

exchangable sodium percentage was recorded to be signifi

cantly higher in monocropped cowpea than all other systems. 

No significant difference was observed between monocropped 

sorghum and mixed cropped and intercropping. But a signifi 

cant difference was observed between the mixed cropped sys

tem and intercropping. With N level, monocropped cowpea 

had significantly higher N level than all other systems. 

This was followed by the intercropped system which was sig

nificantly higher than monocropped sorghum. However, there 

was no significant difference observed between mixed 

cropped and intercropped systems. Also, there was no sig

nificant difference between monocropped sorghum and the 

mixed cropped system. With P, a significantly higher level 

was found in monocropped sorghum than monocropped cowpeas 

and mixed cropped systems. No significant difference 

existed between monocropped sorghum and intercropped sys

tems. No significant difference occurred between mono-

cropped cowpea and mixed cropped system. Also no 

significant difference was recorded between monocropped 

cowpea and intercropped, but significant differences were 

found between the intercropped system and mixed cropped 

systems. 

Comparing Ca5 and Big Boy, in Ca5 cowpea generally 

pH is higher in monocropped cowpea followed by 
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intercropping, while Big Boy is higher in mixed cropping 

followed by monocropped sorghum. Exchangable.cation in Ca5 

and Big Boy was not significantly different in all four sys

tems. So in both cases monocropped sorghum had the least 

exchangable cation. The soluble salts in Ca5 and Big Boy 

are not significantly different, but generally multiple 

cropping (mixed and intercropped) has the highest soluble 

salts followed by monocropped cowpea and the least is mono-

cropped sorghum had the least salts, while intercropping had 

the highest followed by the monocropped cowpea than mixed 

cropped system. 

Multiple cropping in both cultivars (Ca5 and Big 

Boy) had the highest Na level than the other two mono-

cropped. In case of K level mixed cropped system had the 

highest K level in Ca5 and the least is the monocropped 

sorghum system. However, in Big Boy K level was generally 

monocropped cowpea had the higher level, and the least was 

mixed cropped system. As far as the N level was concerned, 

the level of N in pure cowpea was higher in both varieties. 

In case of Ca5, N level can be arranged accordingly as fol

lows: monocropped cowpea, mixed cropped, intercropped and 

the lowest was monocropped sorghum systems. In Big Boy 

N level can be arranged as follows: monocropped cowpea, 

intercropped, mixed cropped and the last is monocropped 

sorghum. So monocropped sorghum is the most depleting 



73 

system when compared with the other systems. When P was 

tested monocropped sorghum has the highest residual P level 

in both cases followed by mixed cropping in Ca5, intercrop

ping and the lowest P level was found in pure cowpea. In 

Big Boy the highest level of P was in pure sorghum followed 

by intercropping, mixed cropping and then the lowest was 

the monoculture cowpea. So pure cowpea is the most deplet

ing system for P nutrient. 

The above results agreed with what other workers 

had found. Giri and Raj at (1979) reported that previous 

crops of groundnuts and cowpeas were equivalent to 

60 KgNha ^ applied to a previous crop of pearl millet. Al

so Triplett (1962) found that legume intercrops supplied 

nitrogen to continuous corn not fertilized with nitrogen. 

Meanwhile Nnadi (1980) reported that sole crop legume plots 

have higher values of avilable nitrogen than legume/cereal 

mixture. Moreover, Eaglesham et al. (1982) stated that 

nitrogen content of intercropped maize and cowpea was sig

nificantly higher than sole-cropped maize. However, Sharma 

et al. (1979), found that the N, P and K uptake studies in

dicated that these nutrients can be utilized more effi

ciently when maize was grown in combination with legume 

than pure stands. 

Soil analysis after plant decomposition, and be

fore the next planting season, are presented on Tables 23 and 



Table 23. Soil Analysis for Four Cropping Systems, May 22, 1984, before 
Planting Sorghum in the Subsequent Season. -- Using California 
5 Cowpeas. 

ECe Estimated 

Exchangable Soluble Exchangable 
Cropping Cation Salts Na K Sodium N+ P-
System pH x leP ppm MegL~l MegL--'- Percentage ppm ppm 

Monocrop 
Sorghum 7.55 a* 1.26 b 883.3 b 2.39 c 3.30 b 0.63 a 16.90 b 60.95 b 

Monocrop 
Cowpeas 7.50 b 1.95 a 1360.0 a 2.75 a 3.70 a 0.40 b 39.00 a 64.75 a 

Intercrop 7.50 b 1.84 a 1284.0 a 2.55 b 3.84 a 0.35 b 32.04 a 63.98 a 

Mixed Crop 7.51 ab 1.26 b 882.5 b 2.37 c 3.32 b 0.62 a 18.00 b 63.57 a 

LSD (.05) 0.05 0.37 260.6 0.16 0.25 0.13 9.30 2.71 

* System means followed by the same letter within a column are not significantly different 
at the 0.05 level according to the LSD test. 
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24 for both Ca5 and Big Boy cultivars, respectively. It 

was observed that pH of monocrop cowpea and intercrop plots 

had significantly less pH than monocrop sorghum. No sig

nificant differences were found between the mixed crop sys

tem and the other three systems. Also exchangable cation 

was significantly higher in monocropped cowpea and inter

cropped than monocropped sorghum and mixed-cropped systems. 

Moreover soluble salts were significantly higher in mono

culture cowpea and intercropping systems than in monoculture 

sorghum and mixed cropping systems. Na availability after 

decomposition was observed to be significantly higher in 

monocropped cowpea followed by intercropped system. Inter

cropped system was significantly higher in Na than mono-

cropped sorghum and mixed cropped systems, but there was no 

significant difference between monocropped sorghum and 

mixed cropped systems. 

The K availability was reported to be significantly 

higher in monoculture cowpea and intercropping plots than 

monoculture sorghum and mixed cropping systems. Although 

the estimatedexchangable sodium was observed to be higher 

in sole crop sorghum and mixed crop plots than sole crop 

cowpea and intercropping. Meanwhile the N level in pure 

cowpea and intercropping plots was found significantly 

higher than mixed cropped and pur sorghum plots. There 

was no significant difference between pure cowpea and 



Table 24. Soil Analysis for Four Cropping Systems before Planting Sorghum, 
May 22, 1984, in Subsequent Season. -- Using Big Boy. 

ECe Estimated 
Exchangable Soluble Exchangable 

Cropping Cation Salts Na K Sodium N+ P-
System pH x 10^ ppm MegL-^ MegL"-'- Percentage ppm ppm 

Monocrop 
Sorghum 7.56 a* 1.09 c 760.0 c 2.19 b 2.59 b 0.63 a 15.96 c 76.20 a 

Monocrop 
Cowpea 7.50 b 1.70 a 1192.5 a 2.53 a 2.98 a 0.28 b 31.52 a 70.55 ab 

Intercrop 7.56 a 1.41 b 986.8 b 2.26 b 3.09 a 0.33 b 25.58 b 64.54 b 

Mixed Crop 7.56 a 1.20 cb 837.0 cb 2.24 b 2.74 ab 0.51 a 16.19 c 63.57 b 

LSD (.05) 0.05 0.24 168.3 0.21 0.38 0.16 5.18 8.21 

* System means followed by the same letter within a column are not significantly different 
at the 0.05 level according to the LSD test. 



intercropping plots, and no significant difference between 

pure sorghum and mixed cropping plots was obtained. There 

was no significant difference between pure cowpea, inter

cropping and mixed cropping plots in P level, but a signifi

cantly higher level was observed in these plots than in 

monocropped sorghum plots. 

When Big Boy variety was used, it was observed that 

the pH of monocropping cowpea plots was significantly lower 

than monocropping sorghum, intercropping and mixed crop

ping plots, but there was no significant difference between 

these three systems. The exchange ration was observed to be 

significantly higher in monocropped cowpea than intercrop

ping plots. In intercropping was significantly higher than 

monocropped sorghum, but there was no significant differ

ence observed between mixed cropping plots and intercrop

ping or monocropped sorghum. Soluble salts are also found 

to have the same trend of exchangable cation. The avail

ability of Na in monocropped cowpea plots was significantly 

higher than intercropping, mixed cropping and pure sorghum 

plots, but no significant difference was observed between 

these three systems. 

The K availability was significantly higher in sole 

cowpea and intercropping than sole sorghum plots, but no 

significant difference between mixed cropping systems and 

the other systems. However, the estimated exchangable 
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sodium percentage was found to be significantly higher in 

pure sorghum and mixed cropping plots than in pure cowpea 

and intercropping. Moreover, the N levels were found to be 

significantly higher in monocrop cowpea plots than inter

cropping plots. Intercropping plots had significantly 

higher N level than mixed cropped and pure sorghum plots, 

but no significant difference was obtained between pure 

sorghum plots and mixed cropped plots. When the P availa

bility was tested, it was found that P levels was signifi

cantly higher in the pure sorghum plots than mixed and 

intercropped plots, but no significant difference between 

monocropped sorghum and monocropped cowpea plots occurred. 

There was also no signficant difference bewteen mono-

cropped cowpea, intercrop and mixed crop plots took place. 

All these results showed that after decomposition 

more nutrients were added to the soil. Almost the same 

trend was observed in both Ca5 and Big Boy experiments ex

cept in P levels where it was found to be higher in pure 

sorghum in Big Boy while it was the lowest in Ca5. In all 

cases it was observed that pure cowpea added more nutrients 

to the soil than other system, followed by intercropped 

system and sometimes they have no significant difference 

between them. The system adding the least nutries was pure 

sorghum. These results agreed with what was reported by 

Nnadi (1980) . He found that sole crop legume plots had 
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higher value available N than legume/cereal mixtures. Giri 

and Raj at (1979) also found that benefits from previous 

crops of ground nuts and cowpeas were equivalent to about 

60 KN/ha ^ applied to a previous crop of pearl millet. 

Effects of Different Cropping System 
on Subsequent Sorghum Crop 

To evaluate the residual effect of the four differ

ent cropping systems, sorghum was grown in the same plots 

of the previous year. The results of yield components are 

shown on Tables 25 and 26. Comparing these components in 

the different cropping systems, using Ca5 cowpea, the fol

lowing results were obtained. There was no significant 

difference between intercropping, monocropping and mixed 

cropping plots of previous seasons in the number of heads 

per m . These three systems were significantly different 

from monocropping sorghum in number of heads. The same 

trend was observed in the number of tillers per plant. In 

case of total head weight, monocropped cowpea plots had no 

significant difference from intercropping, but significant

ly higher than mixed cropping and monocropping sorghum. 

Intercropping was not significantly different from mixed 

cropping, but there was significant difference between in

tercropping and monocropping sorghum. No significant dif

ference was observed between mixed cropping and 

monocropping sorghum. Monocropping cowpea plots had 
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Table 25. Effect of Different Cropping Systems with 
Ca5 Cowpeas on Yield of Subsequent Sorghum 
Crop, 1984 

Cropping 

System 
Number of 
Heads/m2 

# 

Tillers 

Plant--*-

# 

Total Head 
Weight/m^ 
(g) 

Total Seed 
Weight/m2 

(g) 

Seed Weight 

Plant-! 
(g) 

Monocropping 

Sorghum 42.00 b* 3.67 b 1120.25 c 481.25 c 42.24 c 

Monocropping 

Cowpea 48.25 a 4.23 a 1517.50 a 781.25 a 68.44 a 

Inter
cropping 49.75 a 4.30 a 1332.75 ab 673.50 b 59.05 b 

Mixed 

Cropping 48.00 a 4.18 a 1208.75 be 603.00 b 55.27 b 

LSD (.05) 3.56 0.24 200.53 98.93 8.75 

* Means followed by the same letter within a column are not signifi
cantly different at the 0.05 level according to the LSD test. 
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Table 26. Effects of Different Cropping Systems with Big 
Boy Cowpea on the Yield of Subsequent Sorghum, 
1984 

Cropping Number of Tillers Total Head Total Seed Seed Weight 
System Heads/m^ Planfl Weight/m^ Weight/m^ Plant--'' 

# # (g) (8) (g) 

Monocropping 
Sorghum 34.50 b* 3.45 b 747.50 c 273.75 b 27.38 b 

Monocropping 
Cowpea 44.00 a 4.40 a 1030.25 a 446.25 a 44.63 a 

Inter
cropping 42.00 a 4.23 a 1049.50 a 438.75 a 43.88 a 

Mixed 
Cropping 37.25 b 3.73 b 857.25 b 324.25 b 32.43 b 

LSD (.05) 4.51 0.45 68.99 65.86 6.59 

* System means followed by the same letter within a column are not 
significantly different at the 0.05 level according to the LSD 
test. 
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significantly higher total seed weight compared to all other 

systems. There was no significant difference between inter

cropping and mixed cropping. Both intercropping and mixed 

cropping had significantly higher total seed weight than 

monocropping sorghum. This trend was also true in seed 

weight per plant. 

Using the Big Boy cultivar, there was no signifi-

2 cant difference in the number of heads in 1 m , between 

monocropping cowpea plots and intercropping. These two sys

tems were significantly different from mixed cropping and 

monocropping sorghum plots which were similar. The same 

trend was observed in tillers per plant, total head weight, 

total seed weight and seed weight per plant. 

When these results were compared to the soil anal

ysis before planting, it was found that with Ca5 the lowest 

value of yield was obtained when sorghum followed sorghum. 

This could be due to the fact that pure sorghum plots had 

the lowest N level compared to the other systems. Follow

ing that, the mixed cropping plots were significantly high

er than pure sorghum plots in all parameters except total 

head weight, where there was no significant differences. 

Intercropping had higher yield than mixed cropping plots 

but was not significantly different from mixed, but sig

nificantly different from monocropping sorghum (Table 25). 

These results coincide with the N available before planting 
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where pure cowpea plots had the higher N level followed by 

intercropping, mixed cropping and the lowest is the pure 

sorghum plots (Table 23). Looking to these results, it can 

be suggested that the different in N level had great effect 

on total seed weight and seed weight per plant. 

With Big Boy, there was no significant difference 

between monocropping cowpea and intercropping in all param

eters (Table 26). The same observation was found between 

the monocropping sorghum and mixed cropping plots. But 

generally monocropping cowpea plots had the highest value, 

except in total head weight where intercropping is the 

highest yield. The monocropping cowpea plots followed by 

intercropping, mixed cropping and pure sorghum plots. As 

in the Ca5 cultivar, it was observed that the difference 

in N level will affect total seed weight and seed weight 

per plant (Table 24). The difference in yield between the 

plots where Ca5 cultivar was used and the plots where Big 

Boy was used is due to the difference in N levels before 

planting. 

These results agree with those reported by Yadav 

(1981). He stated that sugar cane grown after pigeonpea 

yielded 43 percent more than when grown after maize. 

Intercropping pigeonpea in maize would be better than 

growing a sole crop of maize before planting sugar cane. 

These results confirm those of Triplett (1962). He found 
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that legume intercrops supplied nitrogen to continuous 

corn not fertizilize with nitrogen. Moreover, these sup

port the finding of Giri and Rajat (1979). They found that 

when legumes were used in rotation, the yield of grain in

creased when grown after legumes. Benefits from previous 

groundnuts and cowpeas were equivalent to 60 NKha These 

results also agree with those of Searle et al. (1981), who 

reported that subsequent crops would benefit more from fol

lowing maize/legume intercropping than from following a 

pure maize crop. 



CHAPTER .5 

SUMMARY AND CONCLUSION 

Growing two or more crops on the same land during 

the same season is a traditional cropping system that is 

widespread on subsistence farms in developing countries in 

the tropics. This multiple cropping system may be divided 

into either intercropping or mixed cropping. This depends 

on the arrangement of the plants. Intercropping is when 

two or more crops are planted on alternate rows. Mixed 

cropping is when crops are mixed within the rows. 

To evaluate the effects of multiple cropping on two 

tropical crops (sorghum and cowpea), an experiment was con

ducted on the University of Arizona Campus Agricultural 

Center, Tucson. In this experiment four cropping systems 

were used in the first season (summer 1983). These systems 

were pure sorghum, pure cowpeas, intercropping sorghum/ 

cowpea and mixed cropping sorghum/cowpea. A pure sorghum 

crop was planted in the second season (summer 1984) to test 

the effects of previous season cropping systems on subse

quent pure sorghum yield. 

Two cowpea cultivars (Ca5 and Big Eoy) were used 

with one cultivar of sorghum, in two separate experiments. 

In the first season, it was observed that towards canopy 
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closure 51 and 70 DAP multiple cropping systems reduced the 

cowpeas vegetative dry matter significantly compared to the 

monocropping system. Root dry weight of Ca5 cowpea during 

the first 30 DAP was significantly higher in intercropping 

than in monocropped and mixed cropped cowpeas. Fifty DAP 

there were no significant difference occurred between inter 

cropped and monocropped in root dry weight. Both monocrop

ping and intercropping resulted in significnatly higher 

root dry weight than mixed cropping cowpeas. After 70 DAP 

intercropping and mixed cropping significantly depressed 

root dry weight in comparison with monocropping cowpea. 

Root dry weight of Big Boy 30 DAP had no signifi

cant difference between monocropping and intercropping. 

However, both of them were significantly higher than mixed 

cropping. Monocropping was significantly higher than both 

intercropping and mixed cropping cowpea root dry weight 

51 DAP. No significant difference occurred between mono-

cropping and intercropping 70 DAP. Mixed cropping de

pressed root dry weight significantly when compared with 

monocropping and intercropping cowpea. 

Investigation of nodule fresh and dry weight of 

Ca5 cowpeas showed that during first 30 DAP nodule dry 

weight per plant was significantly higher in intercropping 

than monocropping and mixed cropping. Fifty DAP, inter

cropping and monocropping had no significant difference in 
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nodule fresh weight between them. Both intercropping and 

monocropping were significantly higher nodule fresh weight 

than mixed cropping. Seventy DAP there was no significant 

difference between monocropping and intercropping in per

centage of nodulated plants. Both of monocropping and in

tercropping were significantly higher than mised cropping. 

Nodule fresh and dry weights were significantly higher in 

monocropping than either intercropping and mixed cropping. 

With Big Boy, 30 DAP, results showed that intercrop

ping had higher nodule fresh weight, which was significant

ly different from either monocropping and mixed cropping. 

Fifty-one DAP no significant difference between monocrop

ping and intercropping was observed in percentage of nodu

lated plants, but both were significantly higher than mixed 

cropping. However, in nodule fresh and dry weights, inter

cropping had higher weight which was significantly differ

ent from either monocropping and mixed cropping. Seventy 

DAP no significant difference was shown between monocrop

ping and intercropping in percentage of nodulated plants, 

and nodule fresh and dry weights. Both of them were sig

nificantly higher in nodule fresh and dry weight than 

mixed cropping. So towards canopy closure it can be sug

gested that monocropping will give better nodule develop

ment. Mixed cropping adversely affected nodule development 

at earlier stage of the plant growth than intercropping. 
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Nodule activity in Ca5, 30 DAP was not significantly 

different between monocropping and intercropping or mixed 

cropping. Significant differences occurred between inter

cropping and mixed cropping. Fifty-one and seventy DAP no 

significant difference was observed between monocropping 

and intercropping. However, significant difference was 

shown between monocropping and mixed cropping. Therefore, 

after 30 DAP mixed cropping negatively affected the nodule 

activity. In later stages of growth monocropping generally 

had the highest nodule activity. 

With Big Boy cowpea no significant difference was 

observed in nodule activity in the three cropping systems 

at all sampling dates (30, 51 and 70 DAP). However, at 

70 DAP monocropping generally had a higher nodule activity 

than intercropping and mixed cropping. 

The yield component of cowpeas, in both cultivars 

Ca5 and Big Boy, were singificantly depressed by multiple 

cropping compared to monocropping cowpea. 

With sorghum, the total head yield and total seed 

2 yield per 1 m was significantly higher in intercropping 

than either mixed or monocropped sorghum. However, there 

was no significant difference between monocropping and 

mixed cropping, although the seed weight per plant was 

not significantly different between intercropping and 

mixed cropping. Both of these two systems were 



significantly higher than monocropping sorghum in seed 

weight per plant. As total yield evaluation using Land 

Equivalent Ratio (LER) intercropping had the highest LER 

value followed by mixed cropping and monocropping. With 

Ca5, these values are 2.29, 2.15, and 1.00 respectively. 

Wiht Big Boy, these values are 2.23, 1.60 and 1.0 respec

tively . 

When soil analysis was conducted, it showed that 

immediately after harvest the monocropping cowpea had sig

nificantly higher levels of N than the other three cropping 

systems in cultivars. With Ca5 there was no significant 

difference between mixed, intercropping and monocropping 

sorghum. However, the monocropping had the lowest N level 

than the other systems. With Big Boy, monocropped cowpea 

had significantly higher level N than the other cropping 

systems. There was no significant difference between in

tercropping and mixed cropping. Pure sorghum had a sig

nificantly lower N level than all other cropping systems. 

After decomposition, with Ca5 pure cowpea, and 

intercropping were not significantly different, but both 

were significantly different from either mixed cropping and 

monocropping sorghum. However, there was no significant 

difference between monocropping and mixed cropping. The 

same trend was observed with Big Boy except that monocrop

ping cowpea was significantly different from intercropping. 
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When the N level was related to the yield of pure 

sorghum, it was found that yield was significantly greater 

in monocropped Ca5 cowpea than in either of the other three 

cropping systems. No significant difference between inter

cropping and mixed cropping, but intercropping had higher 

yields. With Big Boy monocropping cowpea and intercropping 

had significantly greater yields than mixed cropping and 

monocropping sorghum. However, there was no significant 

difference between mixed and monocropping sorghum. 

As a conclusion, it was found that multiple crop

ping adversely affected the dry matter of cowpea. In Ca5 

cultivar cowpea nodule fresh and dry weight were significant

ly affected by multiple cropping. Mixed cropping significant

ly adversely reduced nodule activity in Ca5. Cowpea yields 

were significantly reduced by multiple cropping. Sorghum 

yields were significantly increased by intercropping. N 

levels were found significantly higher in pure cowpeas plots 

and intercropping than monocropped sorghum and mixed cropped. 

The sorghum crop in 1984 yielded significantly higher in 

monocropped cowpea and intercropped than monocropped sorghum 

or mixed cropped when Big Boy cultivar was used. With Ca5, 

there were significantly higher sorghum yields in inter

cropped and mixed cropped plots than in pure sorghum plots 

of the previous year, 1983. 
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